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SUNDAY 15 FebrUArY 2009

16H00 - 17H00: Registration
            18H30: Welcoming Cocktail - brought to you by INTERVET SCHERING-PLOUGH ANIMAL HEALTH

MONDAY 16 FebrUArY 2009

07H30 – 08H00: Late registration
OPENING SESSION:  Dave Mullins 
08H30 – 10H00: Gastric Ulcers in Horses (EGUS) and Diseases of the Stomach   Frank Andrews 
10H00 – 10H30: Stallion anatomy and physiology (1)     Angus McKinnon
10H30 – 11H00:  Tea  
11H00 – 11H30: Stallion anatomy and physiology (2)     Angus McKinnon
11H30 – 13H00: Colonic Ulcers in Horses       Frank Andrews 
13H00 – 14H00:  Lunch

SESSION TWO:  Patrick Page
14H00 – 15H00: Management of Twins       Angus McKinnon
15H00 – 15H15: Sponsored session: VIRBAC
15H15 – 15H45: Tea
15H45 – 16H30: Lineage 2 West Nile Virus as a cause of fatal neurological 
    disease in horses in South Africa     Marietjie Venter 
    Diagnostic tests, macroscopic and microscopic PM lesions  June Williams 
16H30 – 17H00: Donkey talk        Andrew Trawford
17H00 – 18H00: AGM
19H00:  Dinner - Dining Room

TUeSDAY 17 FebrUArY 2009
 
SESSION THREE:  Ashley Parker
08H00 – 09H00: EGUS: Feeding to prevent (1)      Frank Andrews
09H00 – 10H00: Reproductive surgery of Mares      Angus McKinnon
10H00 – 10H30:   Sponsored session: BOEHRINGER-INGELHEIM
10H30 – 11H00: Tea 
11H00 – 11H30: Lawsonia Intracellularis       Martin Denkhaus
11H30 – 12H00: Rhodococcus equi: ecology, epidemiology and treatment options James Gilkerson
12H00 – 13H00: EGUS: Feeding to prevent (2)      Frank Andrews
13H00 – 14H00: Lunch

Sport(s) afternoon!  Please participate in the fun golf day brought to you by BAYER ANIMAL HEALTH

19:00        Dinner  (Braai)

Annual South African Equine 
Veterinary Association Congress

2009 – South Africa: 
Scientific Program
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WeDNeSDAY 18 FebrUArY 2009

SESSION FOUR:  Bennie van der Merwe
08H00 – 09H00: Fertility evaluation of the Stallion    Angus McKinnon
09H00 – 10H00: Stallion Diseases and problems     Angus McKinnon
10H00 – 10H30: Rectal examination on Colic horses – how, when and why Rosy Gerber 
10H30 – 11H00: Tea
11H00 – 12H00: Preparation and use of fresh and cooled semen   Angus McKinnon
12H00 – 13H00: Equine Cushings Disease     Frank Andrews
13H00 – 14H00: Lunch 

GALA DINNER SESSION: Henk Basson
14H00 – 15H00: Colic: Referral and will they live?    Frank Andrews 
15H00 – 15H15: Sponsored session: BOEHRINGER-INGELHEIM  
15H15 – 16H00: Tea
16H00 – 17H00: Freezing semen and breeding with it    Angus McKinnon

19H00:  Formal Robin Rous Dinner brough to you by BOEHRINGHER INGELHEIM  

THUrSDAY 19 FebrUArY 2009

DIAGNOSTIC SESSION: Johan Marais
08H30 – 10H00: Endocrine testing of Horses     Frank Andrews
10H00 – 11H00: Hormonal control of reproduction    Angus McKinnon
11H00 – 11H30: Tea
11H30 – 12H00: Radiology quiz
12H00 – 13H00: ET and other assisted reproductive techniques   Angus McKinnon
13H00 – 14H00: Lunch 

FINAL SESSION:  Dave Mullins
14H00 – 15H10: Breeding the problem mare     Angus McKinnon
15H10 – 15H30:  Burn wounds in Horses      Thireshni Chetty
15H30 – 16H00: Tea
16H00 – 17H00: Case discussions      Frank Andrews

End
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Angus grew up in the Victorian high country and horses, cattle and working dogs have been his main 
passions in life.

He graduated from Melbourne University Veterinary School in 1978 and after some time in private 
practice enrolled as a resident at the Ontario Veterinary College at Guelph. After five years there (he 
was a slow learner), he was asked to join the team at Colorado State University by Jim Voss. Angus 
had previously spent time with and been mightily impressed by Bill Pickett.

Another five years passed during which he was fortunate enough to learn from some of the very best 
academics and researchers in the US in the field of Equine Reproduction and still is great friends with 
Ed Squires today.

In time it became apparent that he missed family, friends and the way of life he had been fortunate 
enough to be part of in his early days too much and so he headed home to establish the Goulburn 
Valley Equine Hospital with an old associate Jim Vasey.

The hospital celebrates its 21st year in 2009 and has grown from a two person practice in 1988 to a 
17 veterinarian practice now.
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more of bridging the world of academics and private practice and has concentrated on research that 
is of direct practical interest and relevance to the horse breeding industry.
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Gastric Ulcers in Horses: 
Equine Gastric Ulcer 
Syndrome (EGUS)

Frank M. Andrews

Equine gastric ulcer syndrome (EGUS) is 
common in performance horses and in 
foals.Diagnosis of EGUS is based on history, 
clinical signs, endoscopic examination, and 
response to treatment. All ages and breeds of 
horses are susceptible to EGUS and current 
therapeutic strategies focus on blocking 
gastric acid secretion and raising stomach 
pH. Two approved drugs exist to treat EGUS 
in Australia and they are Gastroshield® 
(Merial Australia Pty, Ltd, Paramatta, 
Australia) and Ulcerguard® (Ranvet Pty Ltd, 
Beaconsfield, Australia). However, a more 
comprehensive approach to EGUS includes 
determining and correcting of the underlying 
cause, environmental management, 
dietary manipulation and pharmacologic 
intervention. These proceedings focus on 
a comprehensive approach to treatment of 
EGUS and briefly cover basic anatomy and 
physiology of the equine stomach, multiple 
etiologies and risk factors for EGUS, and 
preventative management strategies.

Anatomy and Physiology of 
the Equine Stomach

The proximal third of the equine stomach is 
lined with non-glandular stratified squamous 
epithelium, an extension of the esophagus. 
The majority (80%) of ulcers are found 
in this region. The distal two-thirds of the 
stomach is covered by glandular mucosa, 
which is responsible for secretion of mucus, 
hydrochloric acid (HCl), and Pepsinogen.
Ulcer development in these regions 
is thought to be an imbalance between 
protective and aggressive factors (Table 
1). The nonglandular squamous mucosa is 
predisposed to acid injury because it lacks the 

protective and buffering capacity provided 
by the bicarbonate-rich mucus found in the 
glandular region.The glandular region, on 
the other hand, has extensive protective 
mechanisms, including a bicarbonate-rich 
mucus layer, an extensive capillary network, 
and rapid restitution of epithelium when 
injured.  Ulcers in this region are less 
common and heal rapidly.

Etiology for EGUS in Adult 
Horses

Horses are continuous gastric HCl secretors, 
and acid exposure is thought to be the 
primary cause of EGUS. Several acids (HCl, 
volatile fatty acids (VFAs), and bile acids) 
have been shown to cause damage to 
the non-glandular region of the equine 
stomach. In a recent report, HCl alone and 
in combination with VFAs caused inhibition 
of cellular sodium transport, cell swelling, 
and eventual ulceration, when exposed to 
the non-glandular squamous mucosa at pH 
≤ 4.0. Ulcerogenic effects of the VFAs in 
combination with HCl were dose dependent 
and the intensity of damage varied between 
the VFAs studied. Bile acids were shown 
to increase the non-glandular mucosal 
cell permeability to hydrogen ions, which 
eventually lead to ulceration.However the 
effects of bile acids in EGUS is questionable 
because they usually come from less acidic 
duodenal reflux and are non-ulcerogenic 
at a pH >4.[20, 17] Pepsinogen, which is 
cleaved to pepsin at a pH<4, has a role in 
the development of EGUS. This proteolytic 
digestive enzyme may act synergistically 
with HCl to result in acid damage. While HCl 
and stomach pH have been incriminated as 

AGGRESIVE FACTORS   PROTECTIVE FACTORS
       NON-GLANDULAR MUCOSA GLANDULAR MUCOSA
Hydrochloric acid secretion Epithelial restitution  Epithelial restitution
Organic acid production Intracellular bicarbonate Bicarbonate-mucus layer
Pepsin conversion from  Mucosal blood flow  Mucosal blood flow pepsinogen
Duodenal reflux of bile acid

       Prostaglandin E production

Table 1: Physiologic factors affecting ulcer development
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the main culprits causing EGUS, it is likely 
that a combination of HCl, organic acids, 
and pepsin act synergistically to cause 
EGUS.

Risk Factors in Adult Horses

While acid injury has been implicated in the 
cause of EGUS, several risk factors for its 
development have been identified (Table 
2).

Horses involved in training and racing are 
at high risk to develop EGUS.[21] Current 
prevalence figures show that 60 to 90% of 
performance horses have EGUS.  Recently 
it has been shown that horses running 
on a high-speed treadmill have increased 
abdominal pressure and decreased stomach 
volume. The authors speculated that 
contraction of the stomach allowed acid from 
the glandular mucosa to reflux up into the 
non-glandular mucosa leading to acid injury.
Daily exercise may increase the exposure of 
the non-glandular mucosa to acid explaining 
the increased prevalence of gastric ulcers in 
horses in training. Furthermore, an increase 
in serum gastrin concentration has been 
shown to occur in exercising horses.This 
increase in serum gastrin may increase 
glandular HCl secretion that may lead to 
acid damage. 

Intermittent vs. Continuous 
Feeding

Horses grazing at pasture have a decreased 
prevalence of EGUS. During grazing, there 
is a continuous flow of saliva and ingesta 
that buffers stomach acid, keeping stomach 
pH is ≥ 4 for a large portion of the day. On 
the other hand, when feed is withheld from 
horses, before racing or in managed feeding 
stables, gastric pH drops rapidly and the 
non-glandular mucosa is exposed to an acid 
environment. Intermittent feeding has been 
shown to cause and increase the severity of 

gastric ulcers in horses and this technique has 
been developed as a model to consistently 
produce EGUS.The non-glandular mucosa is 
the most susceptible to ulceration in horses 
subjected to intermittent feeding due to its 
lack of mucosal protective factors.  

Diet

Diet has been implicated as a risk factor 
for EGUS.  Serum gastrin concentrations 
are high in horses fed high concentrate 
diets.  Also, high concentrate diets are 
high in digestible carbohydrates. Digestible 
carbohydrates are fermented by resident 
bacteria, resulting in the production of 
VFAs, which in the presence of low stomach 
pH (≤ 4), cause acid damage to the non-
glandular squamous mucosa.Furthermore, 
a recent study in horses fed a high protein 
and calcium diet (alfalfa hay/grain) showed 
higher stomach pH than horses fed a low 
protein and calcium (brome grass hay) diet. 
The high protein and calcium diet had fewer 
and less severe gastric ulcers. Thus feeding 
alfalfa hay may have some protective effect 
on the non-glandular mucosa in horses.

Transport Stress

Transporting horses has been implicated 
as risk factor for EGUS.  Transportation 
of horses has been associated with 
dehydration, increased threat of respiratory 
illness (pleuritis, pleuropneumonia), and 
immune suppression.When horses are being 
transported, water and feed consumption 
is usually decreased which may cause an 
increased incidence of EGUS.  Transportation 
has been shown to increase the severity of 
gastric ulcers in horses. However, a recent 
endoscopic study in western performance 
Quarter horses subject to frequent travel 
and intensive training had a lower prevalence 
(40%) of gastric ulcers than horses in race 
training, calling into question the effect 
of these factors on the development of 

Clinical Signs Adults  Foals    Risk Factors
Acute colic   Diarrhea   Stress
Recurring colic  Abdominal pain  Transportation
Excessive recumbency  Restlessness  High-grain diet
Poor body condition  Rolling   Stall confinement
Partial anorexia  Lying in dorsal recumbency Intermittent feeding
Poor appetite  Excessive salivation  Intense exercise
Poor performance/training Bruxism   Racing
Attitude changes  Intermittent nursing  Illness
Stretching often to urinate Poor appetite  NSAID use
Inadequate energy     Management changes 

Chronic diarrhea.

Table 2: Clinical Signs and Risk Factors of EG Exercise Intensity
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EGUS in western performance horses.  The 
authors’ speculated that demeanor played a 
role in the lower prevalence of ulcers in this 
breed of horse. Quarter horses are typically 
calm compared to Thoroughbred racehorse, 
which may explain the higher prevalence of 
EGUS (93%) in Thoroughbreds.

Stall Confinement

Stall confinement has been implicated as a 
risk factor for EGUS.  Horses that are housed 
in pastures have a decreased prevalence of 
gastric ulcers, compared to horses that are 
housed in stall.  The reason for this may be 
multifactorial, as horses that are stalled may 
be fed intermittently and housed without 
exposure to other horses.

Non-steroidal Anti-inflammatory 
Drugs 

Non-steroidal anti-inflammatory drugs 
(NSAIDs), phenylbutazone and flunixin 
meglumine, have been shown to induce 
gastric ulcers in horses. However, the use of 
NSAIDs in race horses has not been shown 
to be a risk factor for EGUS in multiple 
epidemiologic studies. In one study NSAIDs 
did cause ulcers in the glandular mucosa 
and increased the severity of ulcers in the 
non-glandular squamous mucosa.NSAIDs 
are thought to cause more severe ulcers 
in the glandular stomach mucosa because 
of their effect on prostaglandin inhibition. 
Prostaglandin inhibition by NSAIDs 
results in decreased mucosal blood flow, 
decreased mucus production, and increased 
HCl secretion. While prostaglandins are 
also important in the regulation of acid 
production and sodium transport, it may 
be their effect on mucosal blood flow 
that is the most important.Adequate blood 
flow is necessary to remove the hydrogen 
ions that diffuse through the mucus layer 
covering the glandular mucosa. Gastric 
mucosal ischemia may lead to a hypoxia 
induced cellular acidosis, release of oxygen 
free radicals, phospholipase, and proteases, 
which may damage the cell membrane 
leading to necrosis.

Helicobacter spp.

While Helicobacter spp. is an important 
cause of ulcers in other species, it has not 
been cultured from the horse.  However, 
Helicobacter-specific DNA was isolated from 
glandular and non-glandular mucosa of seven 

horses.The importance of this discovery 
is unknown and the role of Helicobacter 
spp. in EGUS remains speculative, in light 
of other reports in which no organisms 
were seen in necropsy specimens from 
the stomach of horses with and without 
EGUS.More studies are necessary to define 
the role of Helicobacter spp. in EGUS.  
However, horses with chronic recurring 
gastric ulcers may benefit from antibiotic 
and antacid treatment much like people 
with Helicobacter pylori infections.

Etiology and Risk Factors for EGUS 
in Foals

The assumption that the etiology of EGUS in 
neonatal foals is the same as adult horses is 
being challenged. Age and recent illness are 
two risk factors of EGUS in foals, but others 
have not been well defined.Acid and mucus 
secretion occurs as early as 2 days of age 
in foals.However, the role of gastric HCl in 
ulcer pathogenesis in foals has recently been 
questioned and may impact treatment.

Clinical Signs of EGUS

Adult Horse

Clinical signs associated with EGUS are 
numerous, and often vague. Ulcers are 
more common in horses showing clinical 
signs (Table 2).In Thoroughbred horses in 
race training, gastric ulcers were associated 
with poor performance, poor hair coat, 
picky eating, and colic.Of horses with a 
client complaint of conditions associated 
with gastric ulcers, or showing subtle 
signs of poor health, gastric ulcers were 
identified in 88-92% compared to 37-52% 
identified in horses not showing clinical 
signs.In addition to an increased prevalence 
of ulcers in clinically affected horses, the 
severity of ulceration may be correlated 
with the severity of the symptoms.

Foals 

Clinical signs in foal differ from adults. 
Classically, EGUS in foals has been divided 
into 4 clinical syndromes, subclinical, clinical, 
perforating, and gastric outflow obstruction 
secondary pyloric stricture.[41] Clinical signs 
of foals suffering from clinically active ulcers 
are listed in table 2.Typically foals showing 
clinical signs of disease (e.g. salivation, and 
bruxism) have severe gastric lesions when 
present, but the clinical signs may also 
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indicate other gastrointestinal disease such 
as: small intestinal intussusceptions, small 
intestinal volvulus, peritonitis, impaction, 
diaphragmatic hernia, enterocolitis, and 
gastric outflow obstruction.

Diagnosis 

While an appreciation of the basic anatomy 
and physiology of acid production is 
important, it is equally important to be able 
to identify horses which would benefit from 
anti-ulcer therapy (Figure 1).  Gastroscopy 
is the only definitive diagnosis of gastric 
ulcers currently available. The procedure 
for gastroscopy has been described in 
detail elsewhere, but requires at least a 
2 meter endoscope to visualize the non-
glandular mucosa and Margo plicatus and 
a 2.5m to 3m to visualize the pylorus and 
proximal duodenum in most adult horses.
Once visualized, ulcers should be scored for 
severity.Use of a scoring system allows the 
clinician to monitoring healing and evaluate 
efficacy of treatment.

Currently there are no hematologic or 
biochemical markers to diagnose EGUS.  
However, O’Connor et al. recently evaluated 
the potential of a sucrose absorption test 
to diagnose gastric ulcers.Sucrose is a 
large carbohydrate broken down in the 
brush border of the intestine to glucose 
and fructose. If absorbed by the body, it 
must be absorbed across damaged gastric 
mucosa. It is not metabolized by the body, 
and is excreted in the urine. Concentrations 
of sucrose rose in the urine of horses with 
experimentally induced gastric ulcers. Initial 
evaluation of this test suggested that it 
holds promise to diagnosis EGUS, without 
the expense and expertise of gastroscopy, 
but more research is needed to further 
refine this technique.

Because of the lack of any additional 
laboratory diagnosis, in situations where 
ulcers are strongly suspected, but 
gastroscopy is not available, it may be 
worthwhile to start empirical treatment and 
observe for resolution of clinical signs. If 
the horse does not respond to treatment, 
referral to a facility with a gastroscope is 
indicated.

Treatment of EGUS

The goals of antiulcer therapy are to relieve 
pain, eliminate clinical signs, promote 

healing, prevent secondary complications, 
and prevent recurrence. The mainstay of 
EGUS treatment is increasing the stomach 
pH and suppression of stomach HCl acid 
secretion. Because of the high recurrence 
rate, effective acid control should be 
followed by altered management strategies 
and/or long-term treatment to prevent ulcer 
recurrence.

Pharmacologic Therapy

Once EGUS is diagnosed, therapy should 
be initiated to achieve the above outlined 
goals.  Some ulcers heal spontaneously, 
but the majority need pharmacologic 
therapy to achieve healing, especially while 
horses remain in athletic training.There 
are many approaches to treating EGUS but 
the mainstay is acid suppressive therapy, 
which sets up a permissive environment in 
the stomach to allow ulcer healing.  Many 
pharmacologic agents are available to treat 
gastric ulcers in man but few have been 
shown to be effective in treatment and 
prevention of EGUS.  Of these products, 
only Gastrogard® is approved by the FDA 
for treatment and prevention of recurrence 
of EGUS.  However, other therapies have 
been used to treat EGUS with mixed success 
and their advantages, disadvantages, and 
evidence are presented below. Doses for 
these pharmacologic agents are listed in 
Table 3.

Acid Suppression Therapy

Antacids

Antacids neutralize stomach HCl, however 
aluminum containing antacids may have 
mucosal protective effects by stimulating 
prostaglandin production. Their usefulness 
in controlling stomach pH in the horse is 
questionable.  A liquid mixture containing 
aluminum hydroxide (30 g) and magnesium 
hydroxide (15 g) (Maalox TC®, 250 ml, 
PO) increased stomach pH in horses for 2 
hours after administration.Another study 
found that magnesium hydroxide (7.2 g) 
and aluminum hydroxide (8.1 g) had a 
moderate and short-lived effect on pH.It 
would appear from this data that every two 
hour dosing of large volumes of an antacid 
is needed to treat EGUS. Their prolonged 
use may interfere with the absorption of 
electrolytes (e.g. calcium, magnesium, 
and phosphorus).  Thus, antacids such as 
aluminum hydroxide/magnesium hydroxide 
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may relieve clinical signs of EGUS, but are 
probably not effective in healing gastric 
ulcers.

Recently, an equine neutraceutical antacid 
was developed containing aluminum 
phosphate, calcium carbonate, dihydroxy-
aluminum sodium carbonate, (Neigh-Lox®, 
Kentucky Equine Research) and is sold as a 
pelleted feed additive to relieve heartburn 
in horses.To the authors’ knowledge, there 
are no published scientific studies proving 
efficacy of this compound in the treatment 
or prevention of EGUS.

Histamine Type-2 Receptor 
Antagonists

Histamine stimulates acid secretion from 
the parietal cells.Histamine type-2 receptor 
antagonists decrease acid secretion by 
competitively binding to the histamine 
receptor, thus blocking histamine attachment 
and stimulation of gastric acid secretion. 
Additionally, these agents may inhibit 
acid secretions stimulated by gastrin and 
acetylcholine.Cimetidine and ranitidine have 
been used extensively to treat EGUS.  

Cimetidine

Cimetidine has been used since the early 
1980s to treat and prevent ulcers in horses 
and foals.Cimetidine (20-25 mg/kg, PO, 6-8 
hrs; 6.6 mg/kg, IM/IV, q6h) is currently 
recommended for treatment of EGUS, 
although doses vary among clinicians.
Cimetidine is less potent than ranitidine, 
with a variable oral absorption.It may inhibit 
the hepatic microsomal enzyme system 
and prolong half-life of drugs with high first 
pass hepatic metabolism.When compared 
to omeprazole (4mg/kg and 2mg/kg PO 
SID), cimetidine (20mg/kg PO TID) is not 
as effective healing EGUS of horses in race 
training.Although cimetidine is effective in 
treatment of gastric ulcers in man, there 
is little scientific evidence in the veterinary 
literature showing that cimetidine has 
efficacy in the treatment of EGUS.

Ranitidine

Ranitidine hydrochloride (6.6 mg/kg) is 
4 times more potent than cimetidine.
When given orally (6.6mg/kg, PO, q8h), 
it suppresses acid output and maintains 
a median stomach pH of 4.6.At a dose 
of 6.6 mg/kg given orally every 8 hours, 

ranitidine is able to successfully limit ulcer 
development in a feed deprivation model.
Lower doses (4.4 mg/kg, PO, q8h) given 
orally are ineffective for treatment of 
EGUS.The recent availability of the generic 
ranitidine has made this drug popular and 
effective in treating EGUS.Ranitidine (6.6 
mg/kg, orally, q8h) has efficacy and in 
recommended for treatment of EGUS, but 
owner compliance is difficult.

While ranitidine and cimetidine have been 
the most studied, other H2 antagonists 
have been evaluated experimentally and 
may allow for less frequent dosing and more 
effective acid suppression.Bioavailability and 
pharmacodynamic studies with famotidine 
(2.8 mg/kg, PO, q12h; 0.3 mg/kg, iv, 
q12h) in horses suggest that it can be used 
for treatment of EGUS, but may be cost 
prohibitive.

Proton Pump Inhibitors (PPIs)

The use of proton pump inhibitors offers 
many advantages over H2 antagonists. 
Once daily administration and ability to 
block gastric acid secretion regardless of 
stimulus is the advantage of these drugs.

Omeprazole

Omeprazole, a substituted benzimidazole, 
is the only approved drug for the treatment 
of EGUS. Omeprazole oral paste (4mg/kg, 
PO, q24h) inhibits gastric acid secretion for 
24 hours in horses.In an acid environment 
omeprazole is activated to a sulphenamide 
derivative and binds reversibly to the H+/K+ 
ATPase in parietal cells and inhibits transport 
of hydrogen ions into the stomach.Because 
of its effect on the cell, omeprazole is often 
called a proton-pump blocker. The effect 
on gastric acid secretion is dose and time 
dependent. Omeprazole in a gel suspension 
suppresses basal acid secretion by 83.7% 
5 hours after a single dose of 1.5 mg/kg. 
After 5 days of once daily dosing at 1.5 mg/
kg, acid secretion was suppressed 93%.
Omeprazole is metabolized in the liver and 
excreted in urine and bile, and significant 
liver disease may affect the metabolism of 
the drug. Long-term administration in dogs, 
did not cause any clinical, hematological, 
or biochemical alterations, but did cause 
a reversible gastric mucosal hypertrophy.
Long-term administration of high doses 
causes hyperplasia of ECL cells and gastric 
carcinoid tumors in rats.[68] No significant 
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side effects have been reported in horses 
treated for up to 90 days. 

Omeprazole has been shown to be an 
effective treatment for EGUS at a dose of 
4 mg/kg orally once daily.A recent study of 
565 horses in race training found that 96% 
of the 147 horses being administered H2 
antagonists had gastric ulcers, with 61% 
considered to be severely affected.Of the 
horses not receiving H2 antagonists, 88% had 
gastric ulcers, with 58% considered severe. 
All of the horses in the study were put on 
a 28-day course of omeprazole. There was 
a statistical improvement in performance, 
weight gain, attitude, appetite, and 
appearance after treatment. Endoscopically 
65% of the horses with gastric ulcers that 
were treated were healed and 94% were 
improved. The primary reason for the failure 
of treatment with H2 antagonists was owner 
compliance and incorrect dosing. A second 
study found that 99% of spontaneous ulcers 
in adult horses and foals over 4 weeks of 
age were improved with 86.7% healed 
with omeprazole treatment.Effectiveness of 
omeprazole was also shown to increase 
the rate of healing in horses with ulcers 
removed from race training.

Coating or Binding agents 

Sucralfate and bismuth subsalcyclate are two 
compounds that bind to stomach ulcers and 
promote healing.  Sucralfate is a hydroxyl 
aluminum salt of sucrose octasulfate and 
binds to the negatively charged particles in 
the ulcer bed, buffering HCl by increasing 
bicarbonate secretion, stimulating 
prostaglandins production, and adhering 
to the ulcer bed.In the stomach, sucralfate 
is converted to a sticky amorphous mass, 
thought to prevent diffusion of hydrogen 
into the ulcer. In a clinical trial in horses, 
sucralfate (22 mg/kg, PO, q8h) did not 
improve subclinical ulcer healing in 6 and 
7 month old foals.In a rat model sucralfate 
successfully prevented gastric ulceration in 
a dose dependent manner after an ischemia 
reperfusion injury.Recently, GastrafateTM 
(20-30 ml, PO, q12h; MFP, Ltd, Sterling 
CT), an emulsion (10% Sucralfate, Calcium 
Carbonate, DASC, Magnesium Hydroxide, 
Carboxylate, Apple Flavor, Methyl & Propyl 
Parabens, and Water) has been advertised 
as a treatment for EGUS. This quantity of 
Gastrafate would provide 3 g of sucralfate 
to a patient, which is significantly less than 
the 9-18 g currently recommended for 

treatment of EGUS.  Currently, there is no 
published scientific data on the efficacy of 
this product in treating EGUS.  Therefore, 
sucralfate alone may not be beneficial in 
treatment of EGUS, but can be used in 
conjunction with acid suppressive therapy 
and may be more suited for treatment of 
Right Dorsal Colitis (colonic ulcers) at a 
dose of 22 mg/kg, PO, q6-8h.

Bismuth containing compounds may have 
a coating effect similar to sucralfate. 
Additionally it will inhibit the activation of 
pepsin and increase mucosal secretion.A 
compound containing 26.25 g of bismuth 
failed to raise the pH in 5 horses.Bismuth 
subsalicylate may be converted to sodium 
subsalicylate in the gastrointestinal tract, 
which may cause gastric irritation.  Also, 
salicylates, similar to aspirin, decrease 
prostaglandin secretion and may further 
compromise an already damaged mucosa.
Thus, compounds containing bismuth are 
not recommended for treatment of EGUS.  
However, bismuth is used as part of the 
therapy in humans with Helicobacter pylori 
induced gastric ulcers and may be used in 
horses with chronic recurring gastric ulcers 
in which Helicobacter is suspected.

Synthetic hormones

Misoprostol, a synthetic PGE1 analogue, is 
effective in the treatment of gastric and 
duodenal ulcers in man. Acid suppression, 
increased mucosal blood flow, increased 
bicarbonate secretion, and increased 
mucosal restitution are mechanisms of 
misoprostol.  In one study, misoprostol (5 
mcg/kg, PO) increased stomach pH and 
inhibited gastric acid secretion for 8 hours. 
Misoprostol is contraindicated in pregnant 
and nursing horses due to its effect on 
increasing uterine contraptions.  Although no 
reports of side effects have been reported in 
horses, side effects reported in other species 
include: diarrhea, cramping, flatulence, and 
uterine contraction. Side effects are dose 
dependent.

A somatostatin analogue, octreotide 
acetate, has also been evaluated in horses.
Octreotide (0.5 to 5.0 mcg/kg) raised 
the gastric pH > 4 for approximately 5 
hours, with no adverse effects noted. While 
octreotide appears to be very safe in human 
patients, it requires multiple daily dosing 
and is cost-prohibitive in horses. The benefit 
of using a somatostatin analogue is the 
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prevention of hypergastrinemia associated 
with long-term use of acid suppressive 
drugs. The hypergastrinemia has a positive 
tropic effect on gastric cells and may 
result in proliferation.Because somatostatin 
inhibits gastrin secretion, this hypertrophy 
is avoided, however no case of gastric 
hypertrophy has been reported in horses 
following long term use of acid suppressive 
drug therapy.

Prokinetic Agents

Prokinetics agents may be valuable as an 
adjunct therapy in the treatment of EGUS 
and when there is adynamic ileus and 
gastroduodenal reflux.  Bethanechol (0.25 
mg/kg, IV) and erythromycin lactobionate 
(0.1 and 1.0 mg/kg, IV) increased solid phase 
gastric emptying time in horses.No adverse 
effects were seen in healthy patients, however 
other forms of erythromycin can cause fatal 
colitis in adult horses at antimicrobial doses. 
Both prokinetics increase gastric emptying 
versus saline, but bethanechol appeared to 
be superior. It increased gastric emptying 
rate of solid food versus erythromycin and 
increased gastric emptying rate of liquid 
versus saline. Bethanechol is a synthetic 
muscarinic cholinergic agent that is not 
degraded by acetylcholinesterases. The only 
side effect of the bethanechol administration 
was increased salivation. Other authors have 
recommended a dose of 0.025 – 0.030 mg/
kg subcutaneously every 3-4 hours followed 
by oral maintenance therapy of 0.3 – 0.45 
mg/kg 3-4 time daily.It is also possible that 
gastroduodenal reflux may worsen after 
treatment in patients with a proximal small 
intestinal obstruction.

Antibiotics (Helicobacter spp.)

Treatment of Helicobacter pylori infection 
in humans greatly accelerates ulcer 
healing, and eradication reduces the risk of 
reoccurrence.In people combination therapy 
is the treatment of choice and includes acid 
suppressive therapy (PPIs or H2 antagonists) 
and antibiotics. Several examples include: 1) 
omeprazole or ranitidine, clarithromycin, and 
amoxicillin or metronidazole, 2) omeprazole 
or ranitidine, bismuth, tetracycline, and 
metronidazole, 3) omeprazole or ranitidine, 
bismuth, tetracycline, and furazolidone. A 
10-14 days treatment period is successful 
in 65% to 80% of clinical cases. This is 
less than the 95%-99% seen in clinical 
trials, which is likely due to poor patient 

compliance. These same combination 
therapies have been proposed for treating 
dogs and cats with Helicobacter infections.
Extrapolating from other species, a oral 
combination therapy in horses with chronic 
active, non-healing ulcers (caused by a 
Helicobacter species), would be omeprazole 
(4 mg/kg q24hr), metronidazole (15 mg/kg 
q6hrs) and/or trimethoprim/sulfa (25 mg/
kg q 12 hrs), and bismuth subsalicylate (3.8 
mg/kg q6hrs). An initial 14-day treatment 
period could be prescribed, which should 
be followed by gastroscopy.  Omeprazole 
therapy should be continued for the full 28 
day if needed.

Other treatments

Other treatments including, furosamide, 
fenbendazole, G.U.T, and Nutrient Buffer® 
have been suggested for treatment of 
EGUS, but efficacy has not been reported 
in scientific literature. Furosemide showed 
a strong correlation to reduced severity 
of ulcers in Thoroughbred horses in race 
training.However, this same correlation has 
not been found in any other studies. It was 
theorized that furosemide might modify 
gastric mucosal blood flow. 

Fenbendazole (6g, PO, q24h for 5 days), 
because of its chemical similarity to 
omeprazole, has been suggested to be an 
effective treatment of EGUS.  However, 
in one study gastric ulcer scores were 
significantly improved after 2 weeks of 
fenbendazole treatment, but after 4 weeks 
of treatment gastric ulcer scores were no 
different than controls.Thus, fenbendazole 
is not effective in treatment of EGUS.

Other neutraceuticals such as G.U.T. and 
Nutrient Buffer® claim to be useful in 
horses with EGUS but no data has been 
published to show that these compounds 
have any effect in horses.

Duration of Treatment

It is difficult to predict how long a gastric 
ulcer will take to heal, so treatment duration 
must be tailored for the individual horse.  In 
a feed deprivation model of ulcer induction, 
ulcers were healed or almost healed in the 
horses after 9 days of pasture turnout.
Omeprazole treatment in Thoroughbred 
horses in training resulted in healing in 
57%, 67%, and 77% of horses treated for 
14 days, 21 days, and 28 days, respectively.

SAEVA Proceedings.indd   13 2/11/09   11:44:38 AM



14

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

Horses with spontaneous occurring ulcers in 
a field trial treated with omeprazole showed 
86% healing after 28 days of treatment.We 
recommend endoscopic examination after 
14 days of omeprazole therapy to determine 
if the ulcers are healed.  If the gastric ulcers 
are healed then the horse can be put on 
omeprazole (2 mg/kg, PO, q24h) to prevent 
recurrence of ulcers while the horse is in 
training.  

If the ulcers are still present then the full 
28-day course of omeprazole should be 
followed and the horse further evaluated 
after that time.  When endoscopy is not 
available, horses should be treated for at 
least 28 days.  It should be noted that clinical 
signs might resolve before complete healing 
has taken place. Signs of poor appetite, 
colic or diarrhea will usually resolve soon 
after initiating treatment, and the horse is 
expected to make improvements in body 
condition and attitude within two to three 
weeks.H2 antagonist therapy should be 
continued for at least 14-21 days, but 
healing has taken over 40 days in some 
studies. In general it may take longer to 
treat large ulcers, more severe ulcers, 
and ulcers in the non-glandular mucosa.
In cases where clinical signs have resolved 
and the risk factors for ulcer development 
are low, spontaneous healing of ulcers may 
occur without further treatment. However, 
spontaneous healing will not occur in horses 
that continue intensive training, and ulcers 
may re-occur in those successfully treated 
if therapy is discontinued.If clinical signs 
attributed to EGUS have not resolved after 
48 hours of treatment, the diagnosis or 
therapy should be re-considered.

Dietary Management

In conjunction with pharmacological therapy, 
environmental and dietary management 
may be helpful to facilitate ulcer healing.  

In man ingestion of a high protein meal is 
a stimulus for the release of gastrin and 
subsequently gastric acid.In the horse, 
the ingestion of a grain meal resulted in 
a higher gastrin stimulus than grass hay. 
Horses fed hay versus withholding feed had 
similar acid output, but higher gastric pH. It 
was theorized that the salivary bicarbonate 
and the buffering effect of the hay were 
responsible for the higher pH.Providing 
constant access to alfalfa or good quality 
hay will also help to raise the pH.In addition 
to providing constant access to feed to 
buffer gastric acidity, modifying the diet 
may help prevent ulcers. Although the VFA 
concentrations were higher, an alfalfa/grain 
diet had a higher pH and less ulcers than 
a plain bromegrass hay diet.In that study 
no gastric hormones were measured, and 
it was hypothesized that the calcium could 
have a direct effect on gastric secretions or 
the protein was acting as a buffer for the pH. 
In a rat model a diet of 2% calcium inhibited 
basal gastric secretion, but not secretions in 
response to histamine stimulation.

Pasture turnout is the best dietary method 
of controlling gastric ulcers. One study found 
that simply putting a horse in a stall with ad 
lib grass hay created ulcers, while horses 
maintained on pasture rarely have gastric 
ulcers.Management of the diet fed to stalled 
horses can be modified to decrease the risk 
of ulcer. Current dietary recommendations 
include providing continuous feeding of good 
quality grass and/or alfalfa hay.  Sweet feed 
should be kept to a minimum and grains 
like barley or oats can be substituted to 
decrease its fermentation to VFAs.

Prevention in Adult Horses

Treatment strategy may vary on an 
individual basis. While acid suppression is 
the cornerstone of therapy, preventative 
therapy must be continued unless risk factors 

Drug   Dosage  Dosing Interval Route of Administration
Omeprazole  1.0 mg/kg  Intravenously Q 24 hrs
Omeprazole  4 mg/kg  Orally  Q 24 hrs
Omeprazole (prevention) 1 mg/kg  Orally  Q 24 hrs
Ranitidine   1.5 mg/kg  Intravenously Q 6 hrs
Ranitidine   6.6 mg/kg  Orally  Q 8 hrs
Famotidine   0.3 mg/kg  Intravenously Q 12 hrs
Famotidine   2.8 mg/kg  Orally  Q 12 hrs
Misoprostol   5 mcg/kg  Orally  Q 8 hrs
Sucralfate   20-40 mg/kg Orally  Q 8 hrs
AlOH/MgOH antacids  30g AlOH/15 g MgOH Orally  Q 2hrs
Bethanechol  0.025 – 0.30 mg/kg Subcutaneous Q 3-4 hrs
Bethanechol  0.3-0.45 mg/kg Orally  Q6-8 hrs

Erythromycin lactobionate 0.1 – 1.0 mg/kg Intravenously Undetermined

Table 3: Drug Therapy for Treatment of EGU
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are eliminated. Because of difference in 
training/management requirements, several 
courses of therapy may be pursued. 

Pharmacotherapy

Omeprazole and the H2 antagonists can be 
used at their standard doses in hopes of 
preventing ulcers. There are no published 
studies evaluating the preventative effects of 
H2 antagonists, but omeprazole at 2mg/kg 
has been shown to prevent ulcer recurrence 
after treatment in horses in race training.

Management and Feeding 
Strategies

Different combinations of preventative and 
therapeutic treatments may be employed in 
differing situations (Table 4).

Race training

There is limited opportunity to modify 
the management of horses that are in 
race training. Due to the high prevalence 
of EGUS in this population, preventative 
therapy is strongly encouraged. Horses 
treated successfully will have reoccurrence 
of ulcers if appropriate therapy is not 
instituted. The best strategy for managing 
horses in race training includes feeding free 
choice alfalfa, providing Omeprazole (4mg/
kg, PO, q24h, for 28 days) for treatment 
and Omeprazole (2 mg/kg, PO, q24h) for 
prevention of recurrence until the horse 
is removed from race training (Table 4, 
Strategy 1).  A second option would be 
to feed alfalfa free choice and treat with 
ranitidine (6.6 mg/kg, PO, q8h) until the 
ulcers are healed (via gastroscopy) and 
then maintain on Omeprazole, at 2.2 mg/
kg orally once daily (Table 4, Strategy 2). 
A final option to consider would be to treat 
the horses with 30 g AlOH and 15 g MgOH 
(approximately 250 mls Maalox TC, PO) 
after the horse has finished its evening meal 
and within two hours of an intensive work 
(Table 4, Strategy 3).  The horses could 
be kept on a Omeprazole,  (2 mg/kg, PO, 
q24h) during this time.

Show training

Horses that are in show training do not 
have as high an incidence of EGUS as 
horses in race training, but still have a high 
prevalence and preventative therapy is 
strongly encouraged. Show horses can be 

managed with treatment strategies one and 
two discussed above. Additionally the ability 
of most show horses to have pasture turnout 
is more flexible than that of horses on a race 
track, and management should be altered 
to pasture turnout as often as possible. An 
additional therapy for show horses would 
consist of treatment with Omeprazole (4 
mg/kg, PO, q24h) or ranitidine (6.6 mg/kg, 
PO, q8h) for 3 to 4 days before transporting 
to a show, during the show, and for a 3 to 4 
days after returning home (Table 4, Strategy 
4). In such a situation the horse should be 
maintained on pasture while at home, or fed 
free choice alfalfa hay when stalled.

Trail horses, Brood mares, Pleasure 
horses

For the low maintenance non-show horse 
kept on pasture, no prevention is necessary. 
For those horses diagnosed with EGUS 
based on clinical signs and gastroscopy, 
appropriate therapy with omeprazole or 
ranitidine should be instituted (Table 3). 
Patients should be rechecked at 14 days and 
therapy discontinued if the ulcers are healed. 
Otherwise therapy should be continued for 
the full 28 days (Table 4, Strategy 5). 
In situations where horses maintained on 
pasture develop non-glandular ulcers, a 
careful evaluation of the management and 
husbandry is indicated.

Treatment Strategies in Foals

For several years it has been the standard 
practice to put sick neonatal foals on 
prophylactic ulcer treatment due to the 
fear of gastric perforation, and bacterial or 
fungal colonization of the ulcer.In contrast 
to this practice, Barr reported a decrease 
in the incidence of gastric ulcers in foals 
examined at necropsy despite not treating 
foals with acid-suppressive medications.
The reduced prevalence was credited 
to improved management of the critical 
patients including: early treatment of sepsis, 
sufficient oxygenation, improved monitoring, 
institution of enteral feedings, and improved 
nursing care. Additionally, Sanchez showed 
that critically ill neonatal foals can have an 
atypical gastric pH, and may not respond to 
the administration of ranitidine in the same 
manner as healthy foals.In this study foals 
with acidic pH values survived while those 
with alkaline or fluctuating values were 
more likely to die. 
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While no specific cause was identified for the 
increased pH, alterations in mucosal blood 
flow and duodenal reflux were suggested as 
possibilities.

More evidence against the prophylaxis use 
of acid-suppressive therapy in critically ill 
patients can be found in human literature. 
Increased mortality, and the incidence of 
pneumonia were indirectly correlated to 
gastric pH in a small population of human 
patients during ventilation therapy. 

A retrograde colonization of the oropharynx 
from microaspiration was suggested as 
the cause of the pneumonia, and higher 
numbers of bacteria were found in patients 
treated with acid-suppressive therapy vs. 
treatment with sucralfate.[86] In a separate 
study, increased translocation of bacteria 
from the stomach to the spleen, liver, and 
mesenteric lymph nodes was significantly 
increased in neonatal rabbits treated with 
acid-suppressive therapy.

This study would indicate a acidic 
environment in the stomach may be an 
important barrier to intestinal colonization 
and translocation of bacteria. How these 
studies apply to neonatal foals is not known, 
but does indicate that the use of acid-
suppressive therapy in neonatal foals should 
be re-evaluated. It may be that the gastric 
ulcers of sick neonatal foals is more similar 
to gastric stress ulcers in man, while EGUS 
is more similar to reflux esophagitis.
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REPRODUCTIVE PHYSIOLOGY 
OF STALLIONS

AO McKinnon

In order to properly manage stallions, stud 
managers and veterinarians must have a 
basic understanding of the structure and 
function of the stallion’s reproductive organs. 
In simple terms, the male reproductive 
system consists of a factory (testis), 
finishing school for spermatozoa (head and 
body of the epididymis), warehouse for the 
sperm (tail of the epididymis) and a delivery 
system (penis).

Testes

The testes of the 
stallion have two main 
functions: production of 
sperm and production 
of testosterone and 
other hormones. In 
normal stallions, the 
testes descend into 
the scrotum shortly 
before birth or within 
two weeks after birth. 
The scrotum provides 
protection to the 
testes and serves as 
a thermoregulatory 
mechanism. In order 
for spermatogenesis to 
proceed normally, the 
testicles must be exposed to a temperature 
several degrees below that of body 
temperature. Underlying the skin of the 
scrotum is the tunica dartos, a layer of 
smooth muscle fibers, intermingled with 
connective tissue. This body of muscles 
has an important function in assisting in 
lowering and raising the testicle, depending 
upon environmental temperature. The 
external cremaster muscle also assists in 
regulating the position of the testicles. The 
spermatic cord extends from the abdomen 
to its attachment on the testes. It suspends 
the testis in the scrotum and acts as a 
passageway for the deferent ducts, nerves 
and blood vessels associated with the testes. 
The spermatic cord includes the highly-coiled 
testicular artery. The veins draining the 
testes form a network of small veins around 
the highly-coiled artery. This network of veins 

is called the pampiniform plexus and serves 
to cool the temperature of blood entering 
the testicle. All of these thermoregulatory 
mechanisms are extremely important to 
maintain proper sperm production. Any 
elevation in temperature of the testes, due 
to either an elevation of body temperature 
or insulation of the scrotum due to swelling 
will cause a disruption of normal sperm 
production. Thus, stallions should be 
monitored very closely for any sign of 
elevated body temperature or any swelling 
to the scrotum.

The testicular tissue minus the capsule, 
termed parenchyma, consists of two 
components: seminiferous tubules and 
interstitial tissue. The seminiferous tubules 
are lined by seminiferous epithelium that 
consists of different types of germ cells and 
the Sertoli cells. Leydig cells, which produce 
testosterone, are the major component of 
the interstitial tissue. The most immature 
form of germ cells (spermatogonia) line the 
basement membrane of the seminiferous 
tubules and Sertoli cells extend toward 
the lumen in a radial pattern. The Sertoli 
cells are termed “nurse” cells in that 
they are essential in providing nutrients 
to the developing germ cells. Convoluted 
seminiferous tubules lead to the straight 
portion of the seminiferous tubules. The 
straight tubules converge in the cranial 
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two-thirds of the testis in an area termed 
the rete tubule. Each rete testis fuses with 
one of the 13 to 15 efferent ducts that lead 
to the epididymal duct. The epididymal 
duct then leads to the proximal part of the 
epididymis.

Leydig cells, within the interstitial tissue, 
produce a variety of steroid hormones, of 
which testosterone is a major hormone 
secreted by the stallion’s testis. Other 
steroid hormones include androgens and 
estrogens. Concentration of testosterone at 
the level of the testicle is approximately 45 
to 55 times higher than that in the jugular 
vein.

Epididymis

The epididymis is divided into the 
head or caput, body or corpus, and 
tail or cauda. The head curves around 
the testis and the spermatic cord 
and continues as the body of the 
epididymis. The head is rather flat, 
whereas the body of the epididymis 
is cylindrical and the tail of the 
epididymis is a large, bulbous structure 
attached to the caudal pole of the 
testis. Efferent ducts plus the initial 
head of the epididymis are involved in 
resorption of fluid and possibly secretion of 
compounds. In the body of the epididymis, 
sperm maturation occurs and spermatozoa 
gain the ability to be fertile and motile. The 
tail of the epididymis stores approximately 
two-thirds of the spermatozoa. The tail 
contains sufficient number of spermatozoa 
for several ejaculates. Movement of 
spermatozoa through the epididymis is 
by peristaltic contraction. Time required 
to move spermatozoa through the head 
and body of the epididymis is not altered 
by ejaculation. In contrast, the number of 
sperm stored in the tail of the epididymis 
is altered by ejaculation. Stallions that 
are sexually rested for several days have 

more spermatozoa stored in the tail of the 
epididymis. One wives’ tale is that frequent 
use of a stallion will result in ejaculation 
of immature spermatozoa. Spermatozoa 
are produced continuously, regardless of 
ejaculation frequency. Sperm that are not 
ejaculated are eliminated during urination.

Sperm travel from the tail of the epididymis 
through the deferent ducts and into the 
urethra. The deferent ducts widen in the 
pelvic area to form structures called the 
ampullae. The ampulla also is a storage 
area for spermatozoa. However, since the 
ampulla is contained within the body cavity, 
sperm that are stored in the ampulla 
are exposed to higher temperatures and 
usually are of lower motility with higher 
morphological abnormalities. Some stallions 
do not routinely void excess spermatozoa 
in the urine and thus accumulate large 
numbers of spermatozoa in the epididymis, 
deferent ducts and ampullae. Generally, 
ejaculates from these stallion contain 
large numbers of spermatozoa that are 
morphologically abnormal. These stallions 
must be ejaculated several times in order to 
obtain good quality semen.

Accessory Sex Glands

The accessory sex glands of the stallion 
include the vesicular glands (previously 
termed seminal vesicles), prostate gland 
and bulbourethral gland. The vesicular 
glands are paired glands that contribute 
the gelatinous (gel) material contained in 
the ejaculate. The amount of gel produced 
varies with season of the year and the 
individual stallion. More gel is produced 
during April to July than other times of 
the year. In addition, the amount of gel 
in the ejaculate depends upon the sexual 
stimulation of the stallion. Those stallions 
that are used to tease several mares prior 
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to ejaculation will produce large amounts of 
gelatinous material. Function of the gel in 
the ejaculate is not truly known. For artificial 
insemination, generally the gel is separated 
from the gel-free fraction and is not used 
for insemination. The prostate gland is a 
single firm, nodular gland surrounding the 
urethra. The secretion of the prostate gland 
is thin and watery and possibly serves 
to cleanse the urethra during ejaculation 
and contributes to seminal plasma. The 
two bulbourethral glands are positioned 
on each side of the pelvic urethra. This 
gland contributes to the seminal plasma. 
Collectively, these glands contribute most of 
the fluid to the ejaculate.

Penis

The urethra is a long, mucous-secreting 
tube that extends from the bladder to the 
free end of the penis. The pelvic portion of 
the urethra is covered by thick muscle that 
contracts vigorously during ejaculation. The 
urethra terminates in a free extension called 
the urethral process. The urethral process 
protrudes beyond the end of the glans 
penis and sometimes becomes irritated 
during collection or breeding. It is important 
when washing the stallion before breeding 
to examine the urethral process to make 
sure there is not indication of trauma or 
laceration.

The penis of the stallion is termed a 
muscular cavernosus type which becomes 
engorged with blood during erection. The 
major component of the penis is termed 
the corpus cavernosum and the minor 
component is a bulbospongiosus muscle. 
Both of these muscles become engorged 
with blood during the erection process. 
Ejaculation in a stallion involves movement 
and deposition of the spermatozoa from the 
deferent ducts and tail of the epididymis, 
as well as fluid from the accessory sex 

glands into the pelvic urethra. Ejaculation is 
the actual expulsion of semen through the 
urethra. In a stallion, ejaculation occurs in a 
series of strong, pulsatile contractions (3 to 
6) which have been termed “jets” of semen. 
The majority of spermatozoa are contained 
in the first 3 to 4 jets of semen.

Sperm Production 
(Spermatogenesis)

Stud managers and veterinarians must 
have a thorough knowledge of the 
events of spermatogenesis. Production 

of sperm is a continuous process throughout 
the year and requires approximately 57 
days. Spermatogenesis is the sum of cell 
divisions and cellular changes that result 
in formation of spermatozoa from the most 
immature sperm cells, spermatogonia. 
The different types of germ cells are 
spermatogonia, primary spermatocytes, 
secondary spermatocytes and spermatids. 
If one looks at a cross-section of a normal 
seminiferous tubule, 4 or 5 generations of 
developing germ cells are arranged in a 
well-defined cellular association. Formation 
of a spermatozoon starts near the basement 
membrane where spermatogonia divide to 
form other spermatogonia and, ultimately, 
primary spermatocytes that are moved to 
a position from the basement membrane. A 
junctional complex between adjacent Sertoli 
cells forms a blood-testis barrier, which 
divides the seminiferous epithelium into 
two functional components: a basal (lower) 
compartment and an upper compartment. 
Primary spermatocytes are moved from the 
basal compartment through the junctional 
complexes into the upper compartment 
where they eventually divide to form 
secondary spermatocytes and spherical 
spermatids. The spermatids elongate and 
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are eventually released into the lumen of the 
seminiferous tubules as spermatozoa. When 
released as spermatozoa, a major portion of 
the cytoplasm of each spermatid remains as 
a residual body, termed cytoplasmic droplet. 
These droplets generally are extruded during 
passage through the head and body of the 
epididymis.

Knowledge of time required to produce a 
spermatozoon is essential for understanding 
the time course of events after drug injection 
or trauma to the testis. An interval of at least 
two months may be required for restoration 
of normal spermatogenesis after trauma 
to the testis. For example, if a stallion 
experiences an elevated temperature for 
several hours, quality of the spermatozoa 
in the ejaculate may be altered within a 
few days. This is attributed to damage 
of sperm within the epididymis. If the 
number and quality of spermatozoa in the 
ejaculate continues to be altered, this may 
reflect damage to the developing germ 
cells. If damage occurs at the level of the 
spermatogonia, then at least two months 
will be required before the quality and 
quantity of sperm in the ejaculate are 
improved.

Daily sperm production is the number of 
spermatozoa produced per day by a testis 
or the two testes of a stallion. Efficiency of 
sperm production is the number of sperm 
produced per gram of testicular tissue. 
During the breeding season, efficiency of 
sperm production is reasonably similar 
for normal stallions, although testicular 
size may differ greatly among stallions. 
Consequently, sperm production can be 
estimated with fair accuracy by measuring 
testis size. Because testis size increases as 
the stallion grows from 2 or 3 years of age 
to a sexually-mature stallion, daily sperm 
output also increases. 

Daily sperm production also is affected by 
season, with nearly a 50% decline during 
the non-breeding season in mature stallions. 
Efficiency of sperm production in a stallion 
decreases during the non-breeding season. 
This is especially true of 13- to 20-year-
old stallions. In the non-breeding season, 
the number of spermatogonia decreases, 
as well as the number of Leydig cells and 
Sertoli cells. Daily sperm production in the 
breeding season is approximately 19 million 
sperm per day per gram of testicular tissue 
and only 15 million sperm per day per gram 
of testicular tissue in the non-breeding 
season.
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Hormonal Control of 
Reproductive Function in the 
Stallion

Proper functioning of the testicles and 
maintenance of sex drive is governed by 
hormonal secretion from the hypothalamus, 
pituitary and testes. Gonadotropin-releasing 
hormone (GnRH) from the hypothalamus 
(a portion of the brain) travels through the 
portal vessels that link the hypothalamus and 
anterior lobe of the pituitary and stimulates 
release of luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) from 
the anterior pituitary. Luteinizing hormone 
stimulates the Leydig cells of the testes 
to produce testosterone. The four major 
functions of testosterone are to provide a 
hormonal environment for germ cells; travel 
back to the pituitary and hypothalamus, 
and inhibit through a negative feedback 
any further LH secretion; to maintain the 
function of the accessory sex glands; and to 
induce normal sexual behavior. Some of the 
testosterone is also converted to estradiol, 
which also has some role in maintaining 
sexual behavior in the stallion. 

Furthermore, testosterone stimulates the 
formation of androgen-binding protein 
(ABP) which is involved in transporting 
testosterone to the germ cells. Follicle-
stimulating hormone, also coming from the 
anterior pituitary gland, stimulates function 
of the Sertoli cells to provide nutrients 
to germ cells, as well as stimulating the 
carrier protein, ABP. FSH action on the 
Sertoli cells also includes the stimulation of 
the hormone inhibin, which travels back to 
the pituitary gland and inhibits any further 
FSH secretion. A second hormone produced 

by the Sertoli cells, activin, is involved in 
regulating FSH secretion by stimulating the 
pituitary to produce and release FSH. As 
noted, this delicate balance in hormonal 
secretion between the hypothalamus, 
pituitary and testis is dependent upon the 
balance of hormones in the stallion’s blood. 
Therefore, any alteration in hormonal levels 
in the stallion’s blood may, in fact, upset 
the delicate balance and inhibit sex drive 
or sperm production. It is important that a 
complete knowledge of a stallion’s hormonal 
profile is determined prior to injecting any 
hormone into the stallion.

Growth to Maturity

Generally, colts are maintained on their 
mothers until a typical weaning time of 4 
to 6 months of age. Young colts are then 
maintained in a group until possibly 2 years 
of age unless they are sold as yearlings or 
enter into a training program for racing or 
showing. The nutritional requirements for 
young colts are no different from that of 
fillies and should follow the requirements of 
the National Research Council for growing 
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animals. This usually includes a balanced 
diet of roughage, grain, mineral mix and 
salt.

One of the biggest challenges of raising 
young horses is preventing injuries. Although 
it is best to provide pasture for the young, 
growing horses so that plenty of exercise 
can be obtained, it is important that the 
fencing is well constructed and maintained 
in order to minimize the chance of injury.

Proper handling of the young colt as a 
weanling can be of great benefit in later 
training. The young colt should be taught 
to stand to be caught, haltered and lead. 
He should also be taught to have his feet 
trimmed and handled.

Puberty in the stallion has been defined 
as the ability to produce an ejaculate 
containing at least 50 million spermatozoa 
of which 10% are motile. This has been
shown to occur at approximately 15 to 24 
months, depending upon the season of the 
year when colts were born. Those colts 
that are born early in the year may, in fact, 
acquire puberty in the following spring or 
summer, whereas those born later in the 
season may be closer to 2 years of age 
at the time of puberty. Certainly colts and 
fillies should not be housed together after 1 
year of age, since there is a chance of the 
young colts impregnating the young mares.
Training the young stallion to breed is 
extremely critical. Stallions should be allowed 
to show aggressiveness, but should not be 
allowed to endanger any of the personnel. 
Typically, the young stallion is quite naive 
as to the breeding process. Many of the 
young horses will mount without an erection 
and may even mount the front of the mare 
instead of the rear. 

This requires that an experienced mare 
holder assist in positioning the stallion 
properly on top of the mare. Young horses 
should not be disciplined harshly for making 
mistakes during the breeding process. 
Generally, once a stallion has experienced 
ejaculation during collection or breeding, 
they will gain confidence and, after a 
few matings, will complete the ejaculatory 
process with few mistakes. Once a stallion 
has learned the proper way to mount, 
intromit and ejaculate, then the stallion 
handler can begin to discipline the stallion 
if needed. Often, personnel that handle 
stallions are afraid of the stallions and 

overcompensate for their fear by excessive 
discipline. The stallion is generally capable 
of identifying handlers that have fear and 
may become even more aggressive. Thus, 
it is best for only the experienced and 
confident stallion handlers to be involved in 
the training process of the young horse.

SEXUAL BEHAVIOR OF 
THE STALLION

Normal Sexual Behavior

Not until one has had the agony of handling a 
stallion with abnormal sexual behavior does 
that individual truly appreciate a stallion 
with normal sexual behavior. Breeders and 
veterinarians that have stood for hours 
waiting for a stallion to obtain an erection and 
ejaculate can certainly appreciate a stallion 
with good sexual behavior. Normal sexual 
behavior includes obtaining an erection 
within 2 to 3 minutes to being exposed to a 
mare in estrus. This stallion is then able to 
maintain that erection and, when presented 
to the mare, mount and ejaculate after 
only one or two mounts. Stallions that have 
normal sexual behavior can be hand-mated 
to 1 to 3 mares per day, or ejaculate into an 
artificial vagina every other day throughout 
the entire breeding season.

Frequency of Breeding

One of the most commonly asked question is 
-- How many mares can a stallion breed? If 
the stallion has normal testis size, the most 
important factor determining the number 
of mares a stallion can breed is his sexual 
behavior. Stallions in a pasture mating 
system have been known to mate several 
times a day. In a study by Frank Bristol 
(Bristol, 1982)), researchers demonstrated 
that the criteria for a stallion breeding a 
mare in pasture is the mare’s willingness to 
stand. In this study, often a mare was bred 
several days before ovulation. Thus, the tale 
that a stallion is smart enough to breed a 
mare once only at the time of ovulation is 
not substantiated.

‘A 6-year-old stallion was placed in a pasture 
for 9 days with 20 mares in which oestrus was 
synchronized with two treatments of PGF- 2 
alpha given 15days apart. Breeding and 
observation began 3 days after the second 
treatment. Observations were carried out 
during the daylight hours (05:00to 21:30 
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h). Eighteen mares showed oestrus and 
mated an average of 4.56 times each (range 
1-12). There were 1.74 mounts per mating. 
The maximum number of matings by the 
stallion during 1 day was 16 on Day 2. The 
overall mean interval between matings was
72.8 min, ranging from 34.5 min on Day 1 
to 128.7 on Day 6. The mares were mated 
at irregular intervals during oestrus but 16 
of 18 (88.9%) mares mated at least once 
during the 3 dayspreceding the last day of 
oestrus. Only 5 mares mated on the last day 
ofoestrus. Of the 20 mares, 17 (85%) were 
pregnant when examined 38 daysafter the 
end of the experiment. The results suggest 
that a stallion will indulge in significantly 
more mating activity at pasture than is 
currently expected with hand mating and 
still achieve a high first oestrus conception 
rate’(Bristol, 1982)

The frequency at which stallions breed in a 
pasture setting can be considerably higher 
than that of those that are hand-mated. 
The exact reason for this is unknown but 
may be due to a variety of mares in estrus 
at a given time and the lack of any man-
made restraint. Apparently the restraint 
we impose when hand-mating or artificially 
collecting semen from a stallion alters their 
sexual behavior. Because of the increased 
frequency of breeding during pasture 
mating, most pasture-breeding stallions are 
housed with no more than 50 mares.

The Thoroughbred breed is the largest 
horse breed that does not allow artificial 
insemination. All of the mares in this breed 
are hand mated by natural breeding. A 
stallion with normal-sized testicles and good 
sexual behavior can be used once or twice 
a day and, in many case, Thoroughbred 
stallions may be used 3 or even four times a 
day during the peak of the breeding season. 
It is important to space the breedings 
throughout the day such that some mares 
are bred morning, afternoon and, if three 
matings are required per day, the last 
matings are done in the evening. The typical 
number of mares mated to a Thoroughbred 
stallion would be approximately 40 to 50, 
although some of the popular Thoroughbred 
stallions are breeding 80 to 200 mares in 
one breeding season and those stallions 
that are bred in both the northern and 
southern hemispheres may breed as many 
as 400 mares each year by natural mating.
The majority of breeds allow artificial 
insemination which has many advantages 

for the stallion. With artificial insemination, 
a stallion can be collected once every other 
day and, on the average, 10 to 15 mares 
can be bred with each collection. The other 
important advantage of artificial insemination 
is that the stallion can be mounted on a 
phantom mare, thus preventing any chance 
of the stallion being kicked during the 
mating process. Additionally, the semen 
can be added to an extender containing 
antibiotics and, thus, minimize any chance 
of the mare becoming infected from bacteria 
that may be contained in the semen. With 
artificial insemination, the number of mares 
that can be bred within a given year is 
increased, with a book of 100 to 200 mares 
in a breeding season being routine.

Common Behavioral 
Problems

One of the most common causes of infertility 
in stallions is abnormal sexual behavior. The 
most common cause of abnormal sexual 
behavior is mismanagement. Therefore it 
is extremely important to train a stallion 
properly to ensure that he develops normal 
behavior. Ideally, stallions should not be 
used for breeding until at least 3 years of 
age. This has nothing to do with lack of 
testicular tissue or sperm numbers, but has 
much to do with development of good sexual 
behavior. Those stallions that are used at 2 
years of age are more likely to develop such 
bad habits as mounting without an erection, 
failure to obtain an erection and excessive 
biting of the mare and even aggression. 
Many breeders are anxious to obtain 
offspring from their young stallion, and thus 
attempt to breed a few mares when the 
stallion is 2 years of age. If this is to occur, 
then the breeder should be very aware of 
any indications of abnormal behavior, such 
as slow to attain an erection, biting of the 
mare and requiring several mounts before 
ejaculation. Certainly a 2-year-old stallion 
should not be used for more than 5 or 10 
mares, regardless of his apparent maturity 
and sexual behavior.

Other management practices that may 
lead to abnormal sexual behavior in older 
stallions include overuse, particularly in 
the fall and winter, unnecessary roughness, 
housing stallions in complete isolation, 
lack of exercise and, most importantly, 
being kicked during the breeding process. 
Stallions certainly should not be allowed 
to endanger any of the personnel, but 
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excessive roughness during the breeding 
process can discourage the stallion and 
induce poor sexual behavior. Stallions 
should be housed where they can see other 
horses. Housing in complete isolation can 
result in poor libido of the stallion. Stallions 
that experience difficulty in obtaining an 
erection should be exposed to a variety of 
mares in estrus and given the opportunity 
to select the mare that is stimulatory. 
Furthermore, these stallions should be bled 
and have a variety of hormones measured 
to determine if the lack of sex drive is 
due to a hormonal dysfunction. Stallions 
that experience difficulty in mounting and 
entering the mare may be suffering from 
physical pain in the hocks, stifle or back 
area. These stallions should be examined 
by a veterinarian to determine if there is 
any abnormality resulting in this mounting 
difficulty. Another possible reason for a 
stallion failing to enter a mare is his fear of 
being kicked while in the mare. 

Generally, stallions that have been kicked 
previously are psychologically impotent. 
Retraining of this type of a stallion is difficult 

and generally requires mounting the stallion 
on a phantom and collecting semen or 
mounting the stallion on a mare in estrus 
that he has selected. This approach improves 
the stallion’s confidence and, in most cases, 
will restore his ability to mount, enter 
and ejaculate. One of the most common 
types of abnormal behavior is mounting, 
entering and thrusting, but dismounting 
prior to ejaculation. Again, these stallions 
generally have been kicked during the 
breeding process and associate the act of 
ejaculation with being kicked. Once again, 
these stallions must be retrained to gain 
confidence before they will establish normal 
sexual behavior.

The message should be quite clear; sexual 
behaviour dysfunction is most often 
associated with a bad breeding experience 
rather than physical problems. The stallions 
inherent libido contributes much to this.
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Colonic Ulcers 
(Right Dorsal Colitis) 

in Horses
Frank M. Andrews

Unlike EGUS, colonic ulcers and the 
condition Right Dorsal Colitis (RDC) 
occur less frequently, but may lead to 
hypoproteinemia and more severe clinical 
signs. In a necroscopic study of 545 horses, 
44% of non-performance horses and 65% of 
the performance horses had colonic ulcers.7 
Colonic ulcers are probably associated with 
inhibition of prostaglandins by stress induced 
release of endogenous corticosteroids or the 
administration of NSAIDs. 

Early in the condition, horses present with 
non-specific signs of mild intermittent or 
recurring colic episodes, lethargy and partial 
anorexia. However, as the condition worsens 
clinical signs may include complete anorexia, 
fever, and diarrhea. Progression of RDC 
may lead to dehydration, ventral edema, 
and weight loss. Differential diagnoses for 
this condition include EGUS, large colon 
displacement and/or impaction, infectious 
causes of diarrhea (Salmonellosis, Potomac 
Horse Fever, Clostridium), granulomatous 
enteritis, eosinophilic enterocolitis, and 
intestinal neoplasia.

Diagnosis

A presumptive diagnosis of RDC can be 
made on history, clinical signs, changes 
on CBC (mild anemia, toxic changes in 
PMNs, left shift), hyperfibrinogenemia, 
hypoalbuminemia, and hypocalcemia. 
Peritoneal fluid analysis may show a mild 
increase in WBC count and increase in 
total protein concentration. In a recent 
study, a guaiac-based fecal occult blood 
test was shown to have a good positive 
predictive value (72%) and a poor negative 
predictive value (51%) in the diagnosis 
of RDC.7 In that study many horses that 
had gastric or colonic ulcers had negative 
tests (i.e. false negatives). Gastroscopic 
examination of the stomach if negative 
may help rule-in RDC in horses showing 
typical clinical signs, especially if there 

is concurrent hypoproteinemia. Abdominal 
ultrasonography of the right dorsal colon 
may show mural thickening (normal = < 
4mm).8 The peripheral wall of the right 
dorsal colon can be scanned percutaneously 
through intercostals spaces 11 to 15, ventral 
to the ventral margin of the right lung 
field.8 

Every effort should be made to rule-out 
infectious causes of diarrhea such as, 
Salmonellosis and Potomac Horse fever 
(PHF) in horses with diarrhea. Fecal cultures 
and PHF serology and PCR can be helpful 
in ruling-out these conditions. Horses with 
Salmonellosis will have signs similar to RDC 
and these diseases may occur together.

Treatment

The principle goals of treatment for RDC 
includes discontinuing use of NSAIDs, 
decreasing gut fill to allow the colon to rest, 
frequent feedings, reducing inflammation, 
and restoring the normal colon absorptive 
function. Reduction in gut fill can be 
accomplished by decreasing or eliminating 
dry hay from the diet and replacing with 
frequent feeding of alfalfa-based pelleted 
complete feeds with at least 30% dietary 
fiber (Purina Senior™, Purina Mills, St. Louis, 
MO). This reduces gut fill and decreases the 
mechanical load on the colon. The horse can 
be allowed to graze small amounts of fresh 
grass (10 to 15 minute intervals four to six 
times daily) to help maintain body weight. 
The switch to a complete feed diet should be 
made over several days to a week to allow 
the gastrointestinal tract time to acclimatize 
to the feed change. The complete feed 
diet should be continued for 3 to 4 months 
or at which time hypoproteinemia and 
hypoalbuminemia has resolved.

Psyllium mucilloid (Equisyl Advantage™, 
Animal Heath Care Products) or psyllium 
hydrophilic mucilloid (Metamucil®, Proctor 
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& Gamble, Cincinnati, OH) can be added to 
the diet to shorten transit time for ingesta 
and increase water content of the GI tract. 
Also, psyllium increased the concentration of 
short-chain fatty acids in the colon of other 
species which reduces inflammation and 
thus may reduce inflammation in the horse 
colon.  Furthermore, Corn or Safflower oil (1 
cup, added to feed, q12h) can be added to 
the complete feed to increase Omega-3 fatty 
acids. Omega-3 fatty acids competitively 
inhibit the activity of cyclooxygenase 
enzyme, which is necessary for eicosanoid 
production. A diet rich in omega-3 fatty 
acids may reduce the eicosanoid production, 
thereby decreasing inflammation.

The use of medication routinely used for 
gastric ulcers (antacids, omeprazole, or 
ranitidine) would not be expected to be 
effective in treatment of RDC. However, 
sucralfate (22 mg/kg, orally, q6-8h), a 
sucrose octasulfate and polyaluminum 
hydroxide complex, has been used for 
treatment of RDC. This compound has a 
strong affinity to bind to gastrointestinal 
mucosa.  It has a greater affinity to bind 
to ulcer craters when compared to intact 
epithelial cells. In man, sucralfate is more 
adherent to duodenal ulcers than gastric 
ulcers despite the duodenal pH > 4.0.9 
Thus, sucralfate may bind to “ulcer craters” 

in the colon of horses forming a proteinacous 
bandage.  Furthermore, sucralfate, once 
bound to the ulcer crater, may stimulate 
local prostaglandin production which may 
exert a “cytoprotective” effect on the colon 
mucosa.

Minimizing physiologic and environmental 
stresses can also be helpful in controlling RDC. 
Stall rest, reduction of strenuous exercise or 
training, and reduction in trailoring are ways 
to decrease stress. Horses should always 
have adequate amounts of clean fresh water 
and should be provided a mineral/salt mix 
to ensure adequate water intake.8
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Twin Reduction Techniques
Angus O. McKinnon  

Introduction  

We have known three things about twins 
for a long time. Firstly twins are repeatable 
within the same mare, secondly twinning 
rate varies according to breed and thirdly, 
the more fertile the stallion the more twins 
he is expected to achieve.  

Twins are avoidable and should not occur 
on well managed breeding farms. Clients 
understand this and are demanding 
the most sophisticated management 
programs available. Presented below are 
the management techniques in use at 
the Goulburn Valley Equine Hospital. The 
hospital is a major referral centre and each 
year is expected to handle multiple referral 
cases of twin pregnancy that are diagnosed 
after cessation of the mobility phase.   

Historically twins have been the single most 
important cause of abortion in Thoroughbreds.
As most twin pregnancies terminate in early 
foetal resorption or loss, late term abortions, 
or the birth of small growth retarded foals 
and mares aborting twins in late gestation 
frequently have foaling difficulties, damage 
their reproductive tracts and are difficult to 
rebreed, twins are disastrous financially. If 
foals born alive they are frequently small, 
have intra-uterine growth retardation and 
a poor survival rate with many needing 
expensive sophisticated critical care.   

Origin, associations, and a general overview 
of twinning in the horse has been published 
elsewhere.

It is our responsibility to successfully 
manage early pregnancies such that no 
mare delivers or aborts twin foals. In 
consultation with farm managers, owners 
and clients we must to utilise available 
equipment and technology commensurate 
with economic constraints and other owner/
manager preferences to diagnose twin 
pregnancies as early as practically possible. 
It is also the responsibility of a veterinary 
profession to adequately inform owners/
managers/clients of reasons why twins may 
be not diagnosed.   

Twins are still occasionally missed despite 

multiple examinations. Reasons why twins 
may not be detected, despite repeated 
examination are: 1) difficulty distinguishing 
structures (this may be related to a poor 
examination environment i.e., too much 
light, poor display characteristics of the 
ultrasonographic unit, mare movement and/
or lack of restraint) 2) variable growth 
patterns 3) inability to detect heart beats 
of adjacent embryos 4) operator experience 
and 5) resolution of the equipment. The 
most common cause of misdiagnosing the 
presence of twin pregnancies is examination 
prior to the time period that a second 
pregnancy (asynchronous ovulation) may 
be reasonably expected to be detected. 
Another reason appears to be scanning too 
quickly. 

The incidence of abortion has been 
reported as decreasing and in the German 
Thoroughbred industry has almost halved 
since the event of ultrasonography.

Origin of Twins  

Twins in the horse are unlikely to be 
identical. Almost all cases of twin pregnancy 
are expected to be related to multiple 
ovulation, although at least two occurrences 
of monozygotic twin pregnancies have been 
suspected.7,8  The reason for lack identical 
twin formation in the horse is probably 
related to the capsule.9 The capsule forms in 
equine embryos aged around 6 days, shortly 
after their entry into the uterus.10,11 When 
embryos were cultured prior to the formation 
of the capsule, hatching occurred similar to 
as occurs in the bovine;11 however, when 
embryos were cultured after formation of 
the capsule the zona pellucida continued 
to become progressively thinner and finally 
fell away from the developing conceptus. 
Other species that do not have a capsule, 
such as sheep, cattle and humans, all 
have the ability to routinely give birth to 
identical twins which apparently form from 
pinching of a hatching embryo by the zona 
pellucida.   

It has been shown that twins in mares 
are as likely to result from synchronous 
versus asynchronous ovulation12 and that 
pregnancy rate per follicle was identical 
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for double ovulations on opposite ovaries 
to that obtained from single ovulations per 
cycle but was higher than the pregnancy 
rate per follicle when double ovulations 
occurred on the same ovary.13  

The Outcome of Twin 
Pregnancies  

Understanding the outcome if twin 
pregnancies are left to develop is of great 
importance to veterinarians, farm managers 
and owners.  Also important is when to 
intervene and what probability of success 
such interventions may be expected to 
achieve.  

What Happens if We Do 
Nothing?  

The mare is very efficient at reducing 
twins to a single pregnancy. This is done 
by a competitive absorption of nutrients 
that is related to size and position of the 
early pregnancy and later to orientation of 
the embryo proper within the developing 
conceptus.14 However, the initiation of any 
non-intervention program depends on the 
age of identification, the orientation of the 
vesicles and any disparity in size. 

Recognition ≤16 days from ovulation  

Embryo reduction before or on the day 
of fixation is not considered an important 
aspect of the natural correction of twins.15 
The probability of a mare loosing one 
or both vesicles of a set of twins from 
identification prior to fixation is minimal and 
approximates that of  early embryonic death 
for the same time period (per vesicle). 
The recognition of twin pregnancies prior 
to fixation day (day 16) is dependant on 
the day of examination relative to the 
day of ovulation.. Asynchronous ovulations 
occasionally result in a gross disparity in 
vesicle size, sometimes as much as 4-5 
days i.e. identification of a day 11-12 and a 
day 16 vesicle concurrently (Fig. 1a). 

In instances such as this, examination 
one day earlier may have failed to detect 
the younger of the two pregnancies. 
Recognition that all twin pregnancies occur 
from multiple ovulation dictates mandatory 
re-examination of all mares that have two 
CL’s and only a  single vesicle detected 
prior to fixation (day 16). Recognition prior 
to fixation is also dependent on operator 

experience, resolution of the equipment 
(≥ 5 MHZ preferred), monitor capabilities, 
restraint and other facilities (ability to 
darken the environment), the presence of 
uterine cysts and the skill of the examiner. 

   A 

   B

Fig 1. Twins with a large disparity in age (~day 10 and 
day 15) (Fig 1a) Twins at ~ day 15. Note the indentation 
of the corpus cornual junction and the horizontal line that 
is lower and marks the junction between the two vesicles 

(Fig 1b).

Recognition after fixation (after day 
16)  

The recognition of unilaterally fixed twins 
from day 17 through to 21 (prior to clear 
recognition of the developing foetus within 
the vesicle) may be the most difficult time 
to determine if there are twins present. 
Ultrasonographically, all that is detectable 
is a thin line (the apposition of the two 
yolk sacks) running approximately in the 
middle of a slightly over-sized vesicle 
(Fig. 1b). Recognition of the fetus(es) 
within the vesicle a few days later makes 
differentiation easier (Fig. 2). Occasionally 
an inexperienced operator may confuse 
an abnormally orientated 28 to 30 day 
single pregnancy with 17 to 20 day 
unilaterally fixed twins (Fig. 3). From days 
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22 to 60 the presence of multiple foetuses, 
umbilical cords and general excess in the 
number of visible membranes should alert 
the practitioner to the likelihood of more 
than one pregnancy (Fig. 4). The junction 
between two developing foetuses (after 
30 days) between the two allantochorions 
results in a common membrane from the 
area of apposition. This common membrane 
has been referred to as the twin membrane 
(Fig. 4)16 and has diagnostic potential, 
particularly late in pregnancy when it might 
not be possible to view both foetuses 
transrectally (>100 days). After 100 days, 
careful transabdominal ultrasonography may 
be necessary to determine the presence of 
twins.

Figure 2. Recognition of a fetus in each vesicle at or around 

day 20-22 helps identification of some twins.

Days 17 to 40  

The outcome of pregnancies post fixation 
is dependent upon their size (diameter) 
and the nature of their fixation. Unilateral 
(both fixed together at the same corpus 
cornual junction) fixation reduction is much 
higher than bilateral (one on each side) 
fixation reduction. Fortunately, unilateral 
fixation is much higher (approximately 70%) 
compared to bilateral (30%).14 In 28 mares 
with known ovulatory patterns, synchronous 
ovulations did not affect the type of fixation 
(9/17 unilateral, 8/17 bilateral). However 
for asynchronous ovulation the frequency of 
unilateral fixation (10/11) was greater (p< 
0.01) than the frequency of bilateral fixation 
(1/11). The incidence of embryo reduction 
was greater (p< 0.01) for unilateral fixation 
(14/19) than for bilateral fixation (0/9) and 
was greater (p< 0.05) for asynchronous 
ovulation (9/11) than for synchronous 
ovulation (5/17).14 Practically speaking this 
means that if asynchronous ovulations have 
resulted

   A

   B

Figure 3. An abnormally orientated ~30 day pregnancy (Fig 
3a) should not be confused with twins wherein the vesicle 
has coalesced into a single vesicle with an ultrasonically 

visible line within (Fig 3b).

Figure 4. Two 48 day pregnancies can be seen with the twin 
membrane in between.
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in significant age differences between 
vesicles (i.e. > 3 mm diameter at day 15) 
then rate of embryonic reduction is very 
high.14 In cases of unilateral fixation, 22 
of 22 mares with vesicles of dissimilar size 
had reduction compared to 19 of 26 (73%) 
with vesicles of similar size.17 As a result 
of work studying reduction of unilateral 
versus bilateral twin pregnancies in mares  
from days 17 to 40 Ginther proposed that 
the nutrient intake from the larger vesicle 
(before the foetus was present) prevented 
adequate nutrition of the smaller vesicle. 
Later the position of the foetus proper and its 
emerging allantoic sac seemed to determine 
whether a given conceptus survived or 
underwent late reduction. The foetus, the 
vascularised wall of the yolk sac adjacent 
to the foetus and the emerging allantoic 
sac were exposed to the endometrium 
(uterine lumen) in the surviving vesicles. 
In the vesicles that underwent reduction, 
much of the corresponding area of the 
vesicle wall was covered by the wall of 
the adjacent survivor and is thus deprived 
of adequate embryonal-maternal exchange 
and therefore regresses.   

In summary, dissimilarity in diameter 
increases the likelihood of unilateral fixation, 
increases the incidence of reduction for 
unilateral fixed vesicles, hastens the day 
of occurrence of reduction and shortens 
the interval from initiation to completion of 
reduction.   

The incidence of reduction for bilaterally 
fixed vesicles is negligible and approximates 
that of standard early embryonic death in 
this period.   

Of the 85% of reductions by day 40 in 
cases of unilateral fixed twin pregnancies, 
59% of reductions had occurred between 
day 17 and 20, 27% between day 21 
and day 30 and 14% between days 31 
to 38. The majority of early reductions 
occurred spontaneously (by day 20) as 
compared to reductions after day 20 that 
were preceded by a gradual decrease in 
size of the eliminated vesicle. In addition 
when twins were dissimilar in diameter 
(4mm or more) they were more likely to 
undergo reduction by day 20.17 Other 
studies have demonstrated similar results. 
The hypophysis of an early embryonic 
reduction mechanism for elimination of 
excess embryo in mares was not new and 
had been suggested as early as 1982. 

However, ultrasonography was necessary to 
adequately document the occurrence and 
nature of the reduction.18

Day 40 onwards  

Ginther and Griffin16 examined the natural 
outcome of bilateral twins (one in each 
horn) that were viable on day 40 in 15 pony 
mares. Readers should be aware that pony 
mares are not necessarily a good model 
for larger breeds, as the incidence of twins 
is low and evidence is suggestive that the 
larger the breed (Draught, Thoroughbred 
and Warmblood) the higher the probability 
of maintaining twins. Fifteen pony mares 
were monitored by ultrasonography until the 
outcome of the pregnancy was determined. 
Sixty six % (10/15) of the pregnancies 
resulted in either death of both (80%) or 
death of one (20%) during months two 
or three. Nothing occurred from then until 
month 8. Between months 8-11, two mares 
lost one foetus (foetal death was associated 
with mummification) and two mares lost 
both. 

The two mares that lost one pregnancy both 
delivered undersized weak foals at birth. 
One mare (7%) delivered live twins at term 
and two normal foals were born from mares 
loosing the one pregnancy (absorption of 
the foetus rather than mummification) in 
month two. In this study six live foals 
were born (2 of normal size), from a total 
of 15 mares and 30 foetus. This incidence 
is similar to previous reports wherein of 
130 pregnant mares with twins, only 17 
live foals (13%) were produced.19 An 
interesting observation from the later report 
was that from the 102 mares that delivered 
live or dead twins in the previous year, only 
37 produced live foals the next seasons 
and thus over two seasons there was an 
average of 23% producing live foals.19 An 
earlier study,20 was extremely useful in 
categorising outcome of twins that managed 
to survive to later pregnancy. 

Twinning accounted for 22% of the cases of 
abortion and still-birth between 1967-1970. 
Sixty two sets of twins and their placentas 
were examined from Thoroughbred mares. 
All were considered to be dizygous. Abortion 
or still-birth of both twins from 3 months 
of gestation to term occurred in 64.5% of 
mares, although most (72.6%) slipped from 
8 months to term. In the remaining cases 
one twin (21%) or both twins (14.5%) were 
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born alive. Most foals at term were stunted 
and emaciated and of the 31 alive at birth 
only 18 had survived to 2 weeks of age.20 
In this study twin placentation was divided 
into three morphological groups according 
to the disposition of the chorionic sacks 
within the uterus. Type A placentation was 
seen in 79% of cases (48 sets of twins). 
One foetus occupied one horn and most of 
the body (mean 68% of the total functional 
surface area) while the other twin occupied 
only one horn and usually only a small part 
of the adjacent body. 

Where the chorions abutted there was 
a variable degree of invagination of the 
smaller chorion into the allantoic cavity 
of the larger twin. These pregnancies 
frequently ended in abortion or stillbirth of 
one or both twins. In this group 31/48 lost 
their pregnancies between 3 and 9 months 
(64.5%). The gestation length in this group 
was frequently shorter and at birth the 
larger twin had a much greater chance of 
survival than the smaller one. In this group 
only 6 foals of 48 sets were born alive. Of 
the 6 foetuses born alive, 5 were the larger 
twin. Type B placentation occurred in 11% 
of cases (7 sets) and the placentas were 
orientated such that the villous surface 
areas were more or less equally divided and 
each foetus occupied one horn and half of 
the body. 

Both foals were usually similar in size and 
were usually born alive. Nine foals survived 
to 2 weeks from 6 sets of twins that made it 
to term. In this group (7 total) one aborted 
at 7 months. Type C placentation was seen in 
10% of cases (6 sets of twins). In this group 
there was a greater disparity between the 
surface area of the 2 chorions. The smaller 
twin occupying only part of one horn, died 
earlier on and became mummified. The 
larger twin was usually born alive and a 
fair chance of survival. In this group 3 
foals were born alive from 6 pregnancies 
at term.20 The authors attributed the loss 
of twin foetuses and poor survival rates to 
placental insufficiency. 

It should be clear that our philosophy is 
that non intervention is only acceptable 
when twins are diagnosed as a unilateral 
occurrence between days 17 and day 40 and 
then the decision depends on factors such 
as the value of the foal, the potential for 
rebreeding and the ability of the veterinarian 
to manually intervene. Intervention in twin 

pregnancies is strongly recommended in all 
other circumstances (see below).  

When and How Should We 
Intervene?  

Recognition ≤16 days from ovulation  
The first technique for manual crush of  the 
conceptus during the mobility phase utilised 
manual reduction with good results21 and 
was a variation from previously reported 
techniques for twin pregnancies.22,23 The 
technique involved gentle manipulation of 
the embryonic vesicle to the tip of one 
uterine horn and manual rupture. When 
applied to single pregnancies it resulted in 
pseudopregnacy and when applied to twin 
pregnancies it resulted in a single pregnancy 
in 7 of 8 attempts.21 Later utilising the same 
techniques, mares were treated with single 
or multiple progestagen administration 
(hydroxyprogesterone caproate), an anti-
prostaglandin (flunixin meglumine) plus 
progestagen or given no treatment prior to 
manual embryonic rupture in the mobility 
phase.24,25 Results were 10/10 (100%) 
mares maintaining pregnancy in the control 
group (no treatment, just manual rupture) 
and 37/40 (92.5%) for treated mares. 

The amount of PGF2α released was directly 
correlated with the pressure required to 
cause embryonic rupture. Flunixin meglumine 
inhibited PGF2α release after embryonic 
rupture. Treatment with progestagen plus 
flunixin meglumine or progestagen singly or 
multiply was not better than no treatment 
at all (although it was subsequently shown 
that the progestagen chosen had no ability 
to maintain pregnancy in ovariectomised 
mares and did not bind to progesterone 
receptors in the horse.26 Another report27 
demonstrated that 60 of 66 mares (90.9%) 
maintained a single vesicle after manual 
reduction was attempted prior to fixation. 
Five of the six mares in which the procedure 
was not successful subsequently conceived. 

Since 198428 we have used a modification4 
of the technique described originally.21 
With this technique the ultrasound probe 
is used to manipulate the vesicles while 
keeping one or both vesicles in view during 
the manipulation and more importantly the 
crushing or rupture of the vesicle (Fig. 5). 
Utilising this technique it is possible to more 
accurately and quickly separate vesicles. It 
was original proposed21 that when vesicles 
were in apposition mares be re-examined 
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approximately one hour later. By utilising 
the probe to manipulate vesicles, separation 
is achieved (pre-fixation) very quickly in 
most instances. Commonly the smaller 
foetus is destroyed despite the lack of 
evidence to support pre-fixation reduction. 
On occasion it is necessary to revisit the 
mare 24-48 hr after the original evaluation 
if the smaller of the two vesicles is less than 
1 cm in diameter as sometimes these can 
be more difficult to destroy. 

Separation of vesicles should always be 
possible if the vesicles are still able to be 
identified as two spherical non-coalesced 
structures. Briefly, the technique involves 
separation of the vesicles using the probe. 
A finger is placed on either side of the 
probe to help stabilise the vesicle to be 
moved. Gentle back and forth movement 
of the probe with pressure results in the 
two vesicles becoming separated (Fig. 6). 
The separation is identified by lack of a 
vesicle under the probe. The vesicle can be 
crushed as close as 0.5 cm from the other 
but it is generally best to separate them at 
least 2 cm. This is in case the mare moves 
at the time of increasing pressure. The 
vesicle is crushed by gradually increasing 
the pressure using the probe. Occasionally 
refractory cases may need a sudden increase 
in pressure much like a quick flick of the end 
of the probe. This later technique is quite 
useful for smaller (day 11-13) vesicles.

   A

   B

   C

   D

Figure 5. The technique for simple crush of a vesicle 
pre-fixation. The vesicles to be separated are identified. 
Frequent back and forth scanning maybe necessary to 
continually confirm the location of each vesicle (Fig. 5a) 
and then gentle pressure is used to separate it from the 
other (Fig. 5b). As pressure is gradually increased the 
vesicle changes shape and starts to flatten (Fig. 5c). At the 
appropriate moment a little quick extra pressure completes 
ablation. It is quite common to see fluid immediately after 
the crush. (Fig. 5d).

When the vesicle is crushed it is not 
uncommon for fluid to surround the other. 
This is not a problem at this stage of 
pregnancy. Later (≥day 25) fluid surrounding 
then other vesicle is thought to be a 
potential problem.  

At the GVEH records (www.gvequine.com.
au/breeding_efficiency.htm) were evaluated 
for 1716 Thoroughbred (TB) mare cycles 
and 1294 Standardbred mare (St B) cycles. 
Twins were diagnosed in 245 of 1716 cycles 
in TB mares (14.3% of cycles) and 46 of 
1294 of St B cycles (3.5%). After twin 
reduction mares are not routinely examined 
until the next scheduled examination i.e. 
21-25 days post ovulation (detection of the 
foetus). When mares were re-examined after 
pre fixation embryonic reduction 10/245 
TB mares (4%) had lost the remaining 
pregnancy and 8/46 St B mares (17.4%) 
were empty. 
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The number of TB mares loosing the 
remaining pregnancy (4.0%) is similar to 
3.7% (63/1716) which was the calculated 
rate of early embryonic death (EED) on 
the same farms for mares with a single 
pregnancy diagnosed at day 13-15 and 
then subsequently found to be empty at the 
next scan. Interestingly the number of St 
B pregnancies lost was much higher after 
twin reduction (8/46- 17.4%) compared 
to the calculated rate of EED (7.1%). This 
we believe was likely related to economics 
wherein the Std B clients are unwilling to 
scan too early. Thus twins when detected 
are likely to be closer to final fixation or 
fixed already and harder to manage. 

   A

   B

   C

   D

   E

Figure 6. Separation of twins that are together is possible if 
they are able to assume a figure ∞ shape (Fig. 6a). Gentle 
pressure results in them moving apart (Fig. 6b, 6c and 6d). 
When they are separated enough to crush the vesicle has 
disappeared from the screen. When vesicles are in close 
proximity to each other at the time of the crush it is quite 
common for fluid from the crushed vesicle to surround the 

other (Fig. 6e).

It is our contention that the procedure 
has developed to the stage that it is 
always expected a single pregnancy will 
exist after pre fixation embryo reduction 
is attempted. Unless a mistake occurs and 
the other vesicle is ruptured at the time of 
initial manipulation, we feel that any failure 
to survive the procedure is more likely 
a result of uterine inflammatory changes 
and infection rather than a result of the 
procedure. We believe that this is the most 
reliable technique available but feel it is 
important to highlight the experience of the 
personnel involved. From discussions with 
farm managers and other veterinarians it is 
clear that only veterinarians involved with 
sophisticated reproductive management 
such as the routine use of ultrasonography 
can expect to achieve these types of results. 
Our strong recommendation to veterinarians 
and clients is that all mares are examined 
within 14-16 days of breeding. Expected 
time to ovulation after breeding will depend 
on frequency of examination and use of 
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ovulation induction agents such as hCG or 
GnRH. Factors that may modify this decision 
are breed, mare value, ability of the stud 
master or owner to facilitate examination 
of the mare and on occasion education of 
the owner.  

Recognition after fixation (after day 
16)  

Days 17-20  

In all cases of bilaterally fixed twins one 
is destroyed immediately. The mare has 
an extremely efficient biological embryo 
reduction mechanism that operates 
when twins are in apposition (unilaterally 
fixed).14,18,29 Reduction occurred in 100% 
of 22 mares with asynchronous ovulation 
(vesicles size greater than 4 mm in diameter) 
and 19/26 (73%) of mares with vesicle size 
(0-3 mm difference). Because the rate of 
embryo reduction between day 17 and 20 
is so high for unilateral fixation, equine 
practitioners frequently elect to leave these 
developing pregnancies and determine their 
outcome later. Our philosophies are that if the 
two vesicles have coalesced into one larger 
vesicle with an ultrasonicgraphicaly visible 
line in division (Fig. 3b) they are left totally 
alone, however if the individual vesicles 
have still retained a spherical orientation 
or a spherical shape (like a figure ∞), then 
they can be separated gently with the probe 
and are crushed either in situ or after being 
manipulated apart (Fig. 6). 

Due to the nature of our practice, few 
mares present with this configuration in 
the Thoroughbred population, however, it 
is not uncommon in the Standardbred 
population wherein economics dictate that 
pregnancy diagnosis is often delayed past 
the time the mobility phase has ended. 
Results from our practice with twins in this 
configuration are reduced compared to pre-
fixation intervention procedures. Others 
have reported good results post fixation. One 
group reported success in 49/50 cases post 
fixation.25 The work of Bowman (1986)27 
more closely parallels our experiences. With 
bilateral embryo fixation and intervention, he 
reported almost no losses with 40/44 mares 
from day 16 to day 30 (90.9%) having a 
single pregnancy detected on day 45. With 
unilateral fixation the results were days 16 
to 17 (16/18 - 89%) days 18 to 19 (23/24 
- 95.8%) days 20 to 21 (8/13 - 61.5%) 
days 22 to 24 (4/9 - 47.4%) days 25 to 30 

(1/4 - 25%). Because of the high incidence 
of embryo reduction with unilateral fixation 
and the low incidence with bilateral fixation, 
we have clear recommendations with twins 
in the day 17 to 20 period. 

Those that have rounded (figure ∞ shaped) 
twins, still retaining their vesicle turgidity, 
that can be separated, are crushed either 
in situ or after being manipulated apart. In 
all cases where the vesicles have apparently 
coalesced into a larger vesicle with an 
ultrasonicgraphicaly single line dividing the 
two we leave them alone, more particularly 
so, if there is any unevenness in vesicle 
size. In all cases of bilaterally fixed twins 
one is destroyed immediately.

Day 21 to 30   

All cases of bilaterally fixed twins of this age 
group are manipulated and one destroyed 
immediately (Fig. 7). In most cases we do 
not attempt to manually destroy one vesicle 
with unilaterally fixed twins (Fig. 8). of this 
age group until after day 30 and before 
day 35. At this age it is too easy to rupture 
both vesicles and the maximum success we 
believe we can expect is 50% (see previous 
section) which is less than or similar to the 
mares own biological reduction mechanism.

   A

   B
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   C

   D

Figure 7. Twins at ~ day 24 (Fig 7a and b). Firm pressure 
results in flattening of the vesicle (Fig 7c) and ultimately 
rupture (Fig 7d).

Day 30 to 35   

During the period prior to the formation of 
endometrial cups, gentle pressure may be 
placed on one vesicle. We do not attempt 
total ablation at this time as resulting fluid 
sometimes surrounds the other foetus and 
effectively separates placental (chorionic 
girdle/ trophoblast cells) attachments to the 
uterus. In these cases (total rupture of the 
vesicle),

   A

   B

   C

   D

Figure 8. Twins at day 30 (Fig 8a and 8b). The membrane 
between the twins can be clearly detected (Fig 8c). Rupture 
of the vesicle is demonstrated by multiple membranes (Fig 
8d). It is not ideal to rupture membranes in unilateral 
pregnancies or bilateral pregnancies after ~day 35.

death of the remaining vesicle is very 
common. Between days 30-35 we attempt 
to pinch one vesicle and create a ‘snow 
flake’ effect which is the shedding of cells 
from the membranes. Demonstration of 
this effect almost always results in gradual 
loss of the effected conceptus. The pinching 
of the vesicle can be likened to membrane 
slipping of a bovine pregnancy except that 
we use the probe to produce the effect. 
Occasionally in mares with multiple cysts 
twins may be missed and then identified at 
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a later time. In general if they are unilateral 
it is best to leave them to the mare’s natural 
embryonic reduction method, however 
ablation can be attempted (Fig 9).  

Day 36 to 60  
From day 36 onwards it is a reasonable 
assumption that endometrial cup formation 
and subsequent eCG secretion will prevent 
many mares from returning to heat after 
early embryonic death. Abortion after 
35 days is commonly associated with 
difficulties recycling the mare.30,31 In one 
study32 when mares were aborted either 
between day 26 and 31 or between day 
30 and 50, 8/11 became pregnant versus 
2/7, respectively. This is similar to the 
work of Pascoe19 who concluded that the 
administration of a prostaglandin analogue 
< 35 days of gestation was outstandingly 
successful as a method of treatment for 
twin pregnancy.

   A

   B

   C

   D

Figure 9. Twins identified with multiple cysts. Fig 9a. The 
fetus is visible in the lower left hand corner. Figure 9b. 
The other twin is visible in the upper right hand corner. 
Figure 9c. A single pregnancy is present 6 days after 
manipulation. Figure 9d. A single pregnancy is detected 18 

days after manipulation.

Manual intervention at this time in our 
experience is very good in bilateral 
twin pregnancies (<45 days) but only 
approximately 50% successful in unilateral 
twin pregnancies. Success improves with 
use of more subtle pressure and damage to 
the chorioallantoic membrane rather than 
complete rupture in one attempt. 

Demonstration of the ‘snowflake effect’ 
without vesicle rupture consistently results 
in a gradual (48hr) stress of the foetus 
and ultimate loss of heartbeat for the 
conceptus. 

These pregnancies have the foetal fluids that 
become progressively more hyper echoic 
and reduce in size without interfering with 
the survival of the other foetus (Fig 10). 
Early pregnancies tend to be

   A
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   B

Figure 10. Identification of twin pregnancies at ~ day 45 
(Fig 10 a). Multiple traumas to the membranes/fetus have 
resulted in death of one fetus with increased echogenicity 

of the fetal fluids and lack of heart beat. (Fig 10 b).

resorbed without a major increase in 
echogenicity of the fetal fluids (Fig 11). It 
is important with these foetuses to always 
attempt to damage the same one. Multiple 
attempts, i.e. everyday or every other day 
for 5 to 10 sessions maybe necessary to elicit 
the correct response; (Fig. 12), however, 
quite frequently we are unable to create 
sufficient damage for foetal destruction. 

In these cases rather than creating 
major trauma (rupture of the vesicle) an 
alternative approach is sought after day 
60. A combination of membrane slip and or 
oscillation of the foetus ars used. If we are 
unsuccessful in establishing a response at 
this stage then the pregnancy is left until 
after day 100 (see below). Our anticipated 
success rates are 50% reduction and ~ 
%50 of cases result in further examination 
after day 100. With careful manipulation the 
demise of both fetuses should occur less 
than 5% of the time.

Figure 11. Normal 48 day pregnancy on the left and 
resorption of fluids and the fetus on the right.

A variety of methods have been reported 
as used to treat twins at this stage. Manual 
crushing was originally reported23 and 
results suggested that earlier crushing was 
better and if possible crushing should occur 
prior to day 31 because after day 35 
sometimes manual rupture was not possible. 
The author quoted the following results 
between day 35 and 45; 60% resorption of 
both, 20% single foaling and 20% survival 
of both. Pascoe19 demonstrated that 
needle puncture of one twin combined with 
non steroidal antiinflammatory treatment 
(meclofenmic acid) resulted in no foals 
born. A more elaborate and invasive 
approach, such as intra-foetal injection 
with saline via a laparotomy has been 
reported33 or removal of one foetus via a 
video endoscope34 (abandoned as being 
not practical). An interesting report was 
the surgical technique for removal of one 
conceptus from mares with twin concepti 
more than 35 days of gestational age.35,36 
Eight mares had bicornuate pregnancies and 
7 mares had uni-cornuate twin concepti. 

Five of six surviving mares with bicornuate 
twin concepti, delivered a single viable foal 
and none of the 7 mares originally with uni-
cornuate twin concepti, produced a foal. 
The poor survival rate of uni-cornuate twin 
concepti was attributed to disruption of the 
remaining chorioallantois during surgery. 
Transvaginal ultrasound guided foetal 
puncture for destruction of one of a set 
of twin pregnancies has been reported.37 
Foetal fluids from one foetus were aspirated 
while observing the relationships of the 
needle foetus yoke sac and/or allantochorion 
between days 20 and 45. Three of four 
bicornuate twin pregnancies resulted in a 
single pregnancy 10 days or greater after 
interference (similar to or less than our 
ability to manually destroy one conceptus 
in this configuration). Three of nine (33%) 
still had a viable single pregnancy after 
10 days when twins were fixed together 
(between day 20 and 45). These results 
were disappointing, however they maybe 
improved with experience and/or antibiotic 
therapy at the time of intervention. Ultrasound 
guided fluid withdrawal between day 50 and 
65 was studied in single pregnancies;38 
however, the study did not involve any 
twins. Our experiences with transvaginal 
ultrasound guided foetal reduction are small 
(N=5) however, between 45 and 60 days 
the foetus within the vesicle was difficult 
to position. We only have attempted to 

SAEVA Proceedings.indd   39 2/11/09   11:44:46 AM



40

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

directly puncture the foetus, not aspirate 
fluid and are unlikely to persevere with this 
technique (foetal puncture at this age) due 
to difficulties involved. All cases ended in 
loss of both foetuses, usually within three 
days of interference. A more recent report 
suggested around 20% success with trans 
vaginal procedures.39

   A

   B

Figure 12. Increased debris and echogenicity of the fetal 
fluids (Fig 12a) are good signs of fetal demise. Occasionally 
an increase in size of the amnionic cavity (Fig 12 b) is 

observed with fetal demise.

Day 60 to 100

Between day 60 and 100 it becomes more 
difficult to damage the chorioallantois. In 
these cases we identify the most conveniently 
located (always the smallest) of the twins 
and repeatedly traumatise it by oscillation, 
or membrane slip, or attempt to damage 
the cranium with multiple attempts of single 
digit percussion. Similarly to the previous 
scenario approximately 50% succumb to 
this procedure, however it is tedious and 
time consuming and thus we avoid this time 
period most commonly.   

Days 100 onwards  

Probably the most common reason for 

being presented mares at this late stage 
of gestation with twins is failure of the 
aforementioned techniques. Less frequently 
twins have been missed in earlier diagnostic 
attempts and more recently there has 
been an increase in diagnosis of twins at 
this stage due to the widespread use of 
fetal sexing procedures.a Frequently, mares 
have been identified with twins late in the 
breeding season and the owner has adopted 
a non-intervention approach. Because the 
possibility of foetal reduction after 100 days 
is very low and the probability of abortion or 
stillbirth is extremely high, an approach was 
developed to eliminate one pregnancy at a 
later stage of gestation.40 The technique 
involved transabdominal ultrasonographic 
identification of the twins and intracardiac 
injection of a lethal substance. The smaller 
twin was always identified. Initial results 
with saline and air were unsuccessful 
but when the solution was replaced with 
potassium chloride, 7/18 mares (39.9%) 
had single live foals. We have been utilising 
this technique since 1988 and can report 
similar experiences. Our initial success was 
not very promising (2/10 live foals) until the 
potassium chloride solution was replaced 
with 10ml-20ml of  procaine penicillin4 
which has resulted in a live foal rate of 
56%. The current procedure at the GVEH is 
to tranquilise the mare with Detomidine41 
and to identify the smaller foetus or in the 
case of evenly sized fetuses, the one with 
more potential for placental expansion. A 
6-10 inch, 16 needle with a tip designed 
for ultrasonographic enhancement (Cook, 
Australia) is passed through the needle 
guide biopsy channel into either the heart 
, lungs or abdomen of the identified foetus 
(Fig. 13). Penicillin is injected and the 
foetus monitored for the next 5 to 10 
minutes. If the needle is in the chest or 
abdomen the demise of the foetus still 
occurs however it just takes a little longer 
(up to 5 minutes). The apparent advantages 
of penicillin as we see them are: 1) it 
reduces iatrogenic bacterial contamination, 
2) it can be visualised ultrasonicgraphicaly 
as it is injected and 3) foetal death can still 
be obtained without intracardiac needle 
placement. We have attempted to place 
mares on Regumate and long term oral 
antibiotics, however have found no difference 
in foetal survival rates with either treatment 
compared to those that have received no 
treatment. At the time of needle puncture 
mares are treated with systemic antibiotics 
for 3 days and intravenous phenylbutazone. 
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There has been much discussion about the 
production of small dysmature foals from 
successful use of this technique. While this 
occasionally does occur, care in correct 
fetus identification (biggest fetus with the 
most potential for placental expansion) has 
lowered the occurrence of this outcome 
dramatically. This is more readily possible 
when there have been multiple opportunities 
to observe fetal size, position with the 
pregnant horn (s) and uterine body and 
placental arrangements. After injection and 
death of the fetus it gradually becomes 
mummified (Figs. 13g and 13i). Commonly 
these fetal remnants can be detected within 
the placenta at birth (Fig 14).
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Figure 13a. Twins at ~110 days (trans rectal). The ribs, 
lungs, liver, aorta and abdominal contents can be clearly 
identified. Figure 13b. Transabdominal scan demonstrating 
the line of needle puncture. Figure 13c. Immediately after 
injection of penicillin. The needle is visible to the left of the 
puncture line guide. The fetal chest is not as easy to see 
as it is filled with penicillin. In addition some penicillin has 
escaped outside the chest. Figure 13d. The surviving twin 
one day after injection. The fetal heart, lungs, liver ribs 
and aorta are all clearly visible. Figure 13e. The injected 
twin one day after injection. It is difficult to accurately see 
anatomy. Figure 13f. Fetal head and eyes of the surviving 
twin 10 days after injection. Figure 13g. The injected twin 
showing signs of advanced mummification at 10 days after 
injection Figure 13h. Same as Figures 13d and 13f at 22 
days after injection. Figure 13i. Same as Figures 13e and 
13g at day 22 after injection.
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Figure 14. Membranes containing mummified bones (Figure 
14a), the client was kind enough to arrange the bones they 
collected (Figure 14b) and the foal was of normal size at 

birth (Figure 14c).

A few years ago it was reported that a new 
technique to manage twins by dislocation 
of the head from the neck was associated 
with good success.42 Two techniques were 
described; firstly dislocation of fetal head 
per rectum and secondly via a standing 
flank laparotomy. The authors currently 
favour flank laparotomy.b The technique 
is straightforward using standard standing 
flank laparotomy procedures. Immediatley 
prior to grasping the fetus the mare is 
administered Probantheline as a uterine 
relaxant. The correct fetus is grasped 
and then the head is removed from the 
neck by pinching it between the thumb 
and first finger (15c). A distinct popping 
sensation is evident. In all cases the fetus 
that has been manipulated has been alive 
immediately after and for 24 hours or more. 
Ultrasonography is useful in demonstrating 
that the head is well separated from the 
neck after the surgery (Figs 15a and 15b). 
The potential benefits are a technique that 
was available for use earlier in gestation 
than trans-abdominal needle injection thus 
fetal death would occur at an earlier time 
(less prostaglandin inflammatory reaction) 
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and possibly an improved ability of the 
placenta to compensate for the fetus that 
is left to grow.  After an initial success rate 
reported of 2 live foals from 4 mares the 
authors currently report a success rate 
overall of 64% from 44 cases with the 
most recent figures of 8 foals from the last 
12 procedures.b Another referral centre 
reported 2 foals from 4 attempts.c 

We can report one foal from 5 attempts. One 
mare aborted at 3-4 months after having a 
discharge and three had no foals. One was 
checked negative a few weeks after the 
procedure and that was one we had great 
difficulty grabbing the foal as the uterus 
started to contract and the foal was only 60 
days old. This resulted in some trauma to 
the uterus. The heads separated easily and 
all cases had two live foals around 3-4 days 
after decapitation with a clear separation 
of head and neck. None aborted live twins 
to our knowledge. It is not known why in 
our hands such a simple technique did not 
meet the same results as others reported. 
It is possible that a more traumatic neck 
separation might result in a quicker death 
of the manipulated fetus. We plan on 
continuing to work with the procedure.

   A

   B

Figure 15a. Demonstration of correct response to 
dislocation. A blind ending stump at the end of the neck is 
clearly visible. Figure 15b. The dislocated head can be seen 
well away from the vicinity of the neck of the same foal 
depicted in 15a. Figure 15c. Technique for head dislocation 

(Courtesy of Dr. K. Wolfsdorf).

Late in gestation twins maybe difficult to 
recognise with trans rectal ultrasonography 
except in those cases with observation 
of the twin membrane.16 Abdominal 
ultrasonography is useful to diagnose 
twins.40,43   

In the event of failure to diagnose twin 
pregnancies, occasionally abortion is heralded 
by lactation late in gestation (>7 months). 
There are reports of successful maintenance 
of pregnancy despite premature lactation 
(>1 month prior to foaling) in cases with 
twin gestation. Apparently the premature 
lactation is induced by foetal death and the 
beginning of mummification of one foetus 
and thus is threatening to the remaining 
live foetus. 

Four mares with  apparent impending twin 
abortion were able to deliver live single foals 
concurrent with a mummified twin after 
supplementation with progesterone was 
initiated upon recognition of  inappropriate 
lactation late in gestation.44,45 In these 
cases although foals were born small they 
survived and thrived normally. Further 
work will be necessary to determine which 
mares will respond best or even at all 
to supplementation with progesterone for 
initiation of premature lactation.  

From all of  the preceding discussion it 
should be obvious to readers that in our 
opinion the best method of handling twins 
is early identification and destruction of one 
(day 11 to 16).
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Lineage 2 West Nile virus as 
a cause of fatal neurological 

disease in horses in 
South Africa.

Venter M1

Introduction

West Nile virus (WNV), a mosquito-born 
flavivirus of the family Flaviviridae is widely 
distributed throughout Africa, the Middle 
East, Asia, parts of Europe, Australia, North 
and South America and the Caribbean. 
The WNV transmission cycle involves birds 
as the vertebrate hosts and ornithophilic 
mosquitoes as the maintenance vectors. 
Isolates of WNV fall into two major genetic 
lineages. Lineage 1 which is found in North 
America, North Africa, Europe and Australia 
while lineage 2 strains are endemic to 
Southern Africa and Madagascar.

Humans and horses are incidental hosts. 
Although most infections are benign, 
approximately 20% of human cases 
present with fever, a rash, arthralgia and 
myalgia while approximately 1% of these 
may develop severe disease including 
meningoencephalitis, encephalitis, polio-
like flaccid paralysis, and death. Symptoms 
in horses are characterized by ataxia, 
weakness, recumbency, and muscle 
fasciculation. Seroepidemiological studies 
suggest that asymptomatic infections 
frequently occur in horses, but neurological 
infections result in a high case fatality rate 
(30-40%). In 2002 the largest outbreak 
of WNV encephalomyelitis in horses was 
recorded in the USA, involving 15,257 cases 
reported from 40 states. This was followed 
by the largest outbreak in humans the 
following year (9,832 cases). The number 
of cases in horse was reduced significantly 
following the introduction of an inactivated 
animal vaccine. 

WNV caused one of the largest outbreaks 
ever recorded in humans in the Karoo in 
South Africa in 1974, affecting tens of 
thousands of people. During this outbreak 

thousands of people visited their local 
clinicians, however no cases of neurological 
disease were reported. An epizootic involving 
WNV and Sindbis virus also occurred in 
the 1980’s in the Witwatersrand area of 
the Gauteng Province in South Africa that 
affected hundreds of people. Since then 
number of confirmed human cases has been 
approximately 5-15 per annum; although 
only a proportion of cases are subjected 
to laboratory investigation. Severe disease 
has been recognised in Southern Africa 
including fatal hepatitis and several non-
fatal encephalitis cases in humans as well as 
deaths in ostrich chicks, a foal and a dog.

The most recent serological survey in 
thoroughbred horses has confirmed that 
WNV is widely distributed throughout South 
Africa with 11% of yearlings seroconverting 
over a period of 1 year and up to 75% of 
their dams showing exposure. Following 
this study it was postulated that endemic 
lineage 2 WNV strains were not a cause 
of neuroinvasive disease in horses since 
none of these horses had shown any 
clinical signs. Three seronegative horses 
inoculated with a recent WNV lineage 2 
strain (SPU381/00) isolated from a human 
with benign disease, did not develop clinical 
symptoms. However, the strain used in 
these experiments was subsequently shown 
to be of low neuroinvasiveness in mice in 
comparison to certain other South African 
strains. Experimental infection of 12 horses 
with the highly neuroinvasive NY99 strain 
also resulted in neuroinvasive disease in 
only one animal. 

Comparison of South African and North 
American strains of WNV has shown that 
differences in neuroinvasiveness are 
associated with specific genotypes and not 
with lineage, and that highly neuroinvasive 
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strains exist in both lineage 1 and II.

To determine if equine cases of WNV are being 
missed in South Africa we investigated cases 
with pyrexia or unexplained neurological 
symptoms in horses over a period of 1 
year. 

Results and discussion

In total 80 serum or brain specimens from 
horses that presented with unexplained 
fever and/or neurological symptoms were 
tested for WNV and other falviviruses by 
RTPCR and IgM ELISA over one year. WNV 
was identified in 7/32 neurological cases 
(21.8%), 5 being fatal or euthanized due 
to severe illness. In 2 cases Wesselsbron 
virus (WSLV) was identified. All confirmed 
WNV and Wesselsbron virus infections 
were identified in the group of horses 
with neurological symptoms. Five of the 
seven WNV cases either died or had to be 
euthanized after becoming paralysed while 
1 Wesselsbron virus case was fatal. 

Symptoms included ataxia in all cases 
(7/7WNV; 2/2 WSLV), weak hind and or 
forelimbs and paresis (4/7 WNV; 2/2WSLV), 
complete paralysis (2/7WNV; 1/2WSLV), 
seizures (2/7WNV) and chewing (1/7WNV), 
partial blindness (2/7WNV), jaundice and/or 
hepatitis (2/7WNV; 2/2 WSLV), and myosis 
of the pupils 1/7 WNV. One case presented 
recumbent with quadriplegia, limb paddling, 
teeth grinding and muscle twitching, and 
progressed over 3 days to symptoms similar 
to rabies including chewing fits, seizures, 
and coma prior to death, but tested negative 
for rabies by FAT. Fever was intermittent 
and not reported in all cases. Spinal cord 
lesions were visible in 2 WNV cases as 
well as the fatal WSLV case upon post-
mortem investigation. The two WNV and 
one WSLV cases which survived experienced 
symptoms for approximately 21 days and 
had to be rested for several months, but 
made full recoveries. African Horse sickness 
virus (AHSV) co-infections were identified 
in 2 fatal cases, but both presented with 
neurological symptoms and not as typical 
AHSV suggesting that the co-infection could 
result in more severe disease.

The 5 cases positive by RTPCR were shown 
to belong to lineage 2 by DNA sequencing 
and phylogenetic analysis. Apart from the 
cases from South Africa, one fatal case was 
also identified from Tanzania and shown 

to belong to WNV lineage 2. Strains were 
closely related to isolates from humans with 
non fatal encephalitis. WSLV strains were 
similar to strains isolated from mosquitoes 
and sheep following outbreaks over the past 
decade.  

During this study a veterinary student that 
removed the brain of one of the fatal cases 
during post mortem investigation became 
febrile; (5 days post exposure); developed 
a rash 2days after onset of symptoms and 
complained of severe headache, stiff neck 
and muscles. Blood was send to the National 
Institute for Communicable diseases and 
WNV isolated. The isolate was send to the 
department medical virology where it was 
compared to the strain identified in the foal. 
Molecular characterization indicated that the 
strains were identical suggesting that this 
was a zoonotic infection. 

Conclusion

These results suggests that WNV lineage 
2 and Wesselsbron virus can cause fatal 
neurological disease in horses and may 
contribute to unexplained neurological 
infections in humans and horses in 
Southern Africa. This pilot study may serve 
to raise awareness to the disease potential 
of flaviviruses in horses in South Africa. 
Further surveillance will determine what the 
prevalence of WNV neurological disease in 
horses in South Africa really is. Horse cases 
may serve as sentinels for WNV activity in 
the absence of bird deaths in South Africa. 
A possible zoonotic infection was identified 
following post-mortem investigation of a 
horse, and preventative care should be 
taken.
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Dental Care of the Donkey

The Donkey Sanctuary, Sidmouth, Devon, EX10 
0NU
01395 573 129, Fax 01395 573 088

A discussion of the welfare issues relating 
to dental treatment in the donkey, with 
specific reference to the duty of care is 
discussed.  The dental anatomy of the horse 
and donkey are compared, identifying the 
differences and similarities. 

Anatomically, the donkey has a greater 
degree of anisognathism than the horse; 
the maxilla is around 30% wider then the 
mandible (5-7% wider than in horses) at its 
widest point.  The greater disparity of jaw 
widths predisposes the donkey to increased 
angulation of the occlusal surface.  

A description of the benefits of regular dental 
treatment in the donkey, are discussed 

highlighting frequency of interventions.
Country specific issues for periodontal 
disease in donkeys is explored together with 
an explanation of some of the typical dental 
disorders encountered by veterinarians 
dealing with donkeys (including pictures).
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Gastric ulcers are common in horses and 
are caused by multiple factors including, 
lack of protective substances, diet, and 
environmental stress.1 The cause of non-
glandular (NG) gastric ulcers is likely to 
be exposure of this sensitive mucosa to 
acids (hydrochloric, volatile fatty, and bile 
acids) and the lack of adequate barrier 
defenses, including a thick mucus layer and 
bicarbonate.2-7

Performance horses are typically fed grain 
diets containing high concentrations of 
soluble carbohydrates. These carbohydrates 
are fermented by resident stomach bacteria 
to volatile fatty acids (VFAs), which are 
found in abundance in gastric contents 
of horses.2,8 Furthermore, a previously 
constructed gastric ulcer model showed that 
horses with NG gastric ulcers were more likely 
to have higher VFA concentrations and a low 
pH (pH ≤ 4.0) in their gastric contents than 
horses without gastric ulcers.2 Additionally, 
the high calcium and protein diet (alfalfa 
hay/grain) reduced the severity of gastric 
ulcers, exerting a protective effect.  Also, 
other studies,4,5 showed that VFAs in an 
acid (pH ≤ 4.0) environment caused cellular 
damage by altering NG mucosa bioelectric 
properties and histopathologic changes of 
cell swelling and ulceration.

The purpose of the study reported here 
was to determine the in vitro effects of 
pH and various concentrations of VFAs on 
sodium transport (Isc) and barrier function 
of the NG mucosa of the equine stomach in 
order to determine the threshold of grain 
feeding that, if exceeded, could pose a 
risk for developing NG gastric ulcers. Also, 
a secondary purpose of this study was to 
determine the effect of adding calcium 
carbonate on reversing acid injury and 
preventing gastric ulcers.

Gastric NG tissues were obtained from 48 
adult horses, euthanatized for reasons of 
debilitation or donation. After euthanasia, 
the stomach was removed and the NG 
mucosa cleaned of ingesta, examined 
for gastric ulcers, and graded using a 
scoring system for horses.9 The NG mucosa 
obtained was sharply dissected from the 
underlying muscular tissue and mounted in 
Ussing chambers, as previously described.4 
Mucosal surface of tissues were bathed 
for 240 min with 10 mls Normal Ringers 
solution (NRS; control solution) or 10 mls 
NRS to which a VFA had been added. The 
mucosal bathing solution was adjusted to 
attain a specific pH (1.5, 4.0, or 7.0) and 
submucosal surface of tissues were bathed 
with 10 mls of NRS at pH 7.0. Luminal 
reservoirs were then drained and refilled 
with NRS or NRS containing the respective 
VFAs, to which was added calcium carbonate 
(20 mg/ml) and pH adjusted to 7.0. Values 
were recorded for an additional 60 min. This 
sequence was used for all the experiments 
in which tissues were exposed to VFAs and 
then allowed to recover with added calcium 
carbonate.

The VFAs (acetic [AA], propionic [PA], 
butyric [BA], or valeric [VA] acids) at 
increasing concentrations (5, 10, 20, and 
40 mM ) were added to the mucosa side of 
the chambers and pH (1.5, 4.0, or 7.0) of 
the solution adjusted by titration with 1.0 N 
hydrochloric acid. These VFA concentrations 
and pH values were selected because they 
are representative of the environment found 
within the equine stomach after feeding a 
typical hay and grain diet.2 These VFAs are 
fully dissociated (ionized) and not lipophilic 
at pH 7.0, partially dissociated and partially 
lipophilic at pH 4.0, and undissociated 
(nonionic) and highly lipophilic at pH 1.5. 
For each tissue bathed in NRS (control 
solution) and VFA solution, chambers were 

Non-glandular Gastric Ulcers: 
Relationship to Concentrate 

Feeding and Volatile 
Fatty Acids

Frank M. Andrews
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set up with pH of 1.5, 4.0, or 7.0 on the 
mucosal side for a total of 3 chambers 
of each VFA and 3 chamber NRS in each 
experiment.

Tissue short-circuit current (Isc) and 
spontaneous potential difference (PD), 
indicators of tissue viability, were measured 
every 15 minutes using Ringer’s agar bridges 
and Ag-AgCl2 electrodes. Immediately 
after the stomach was incised and after 
manipulation in Ussing Chambers, the NG 
mucosa was placed in neutral-buffered 
10% formalin and histopathologic changes 
evaluated after routine staining.

Statistical analysis was performed using a 
statistical program.a The model used for 
tissue type and variable was a randomized 
block design repeated measures ANOVA with 
each horse as a block. Treatment factors of 
solution condition (VFA), concentration and 
pH plus all interactions were in the main 
plot and time and interactions of time with 
main plot factors were in the subplot. Time 
was the repeated measure factor.  Least 
squares means (LSM) and standard error of 
the means (SEM) were calculated and mean 
separation by use of Fisher’s protected LSD 
test was performed. Values of P < 0.05 were 
considered significant.

Horses (n = 48) used in this study ranged 
from 3 to 32 years of age (mean, 13.9 
years), and 25 of 45 horses (56%) had NG 
gastric ulcers. The presence or absence of 
gastric ulcers was not recorded for 3 horses. 
Mean (range) ulcer score in the 25 horses 
was 1.4 (1-3). Concentrations of VFAs > 
20 mM lowered Isc and PD significantly, 
compared with lower concentrations, and in 
a time-dependent manner. The pH threshold 
for affecting the Isc was < 4.0.

When calcium carbonate was added during 
the recover period, Isc and PD increased 
to near pretreatment values in tissues 
exposed to VFAs at pH ≤ 4.0, but remained 
significantly decreased in tissues exposed 
to 20 mM and 40 mM VA concentrations at 
pH ≤ 4.0.

Histologic examination of the NG mucosa 
exposed to NRS and the various VFAs at 
pH 7.0 were generally normal. On the 
other hand, mucosa exposed to NRS at 
pH 1.5 had cellular swelling and a mottled 
appearance in the superficial stratum 
corneum and stratum transitionale. Mucosa 

samples exposed to AA showed the most 
dramatic cell swelling in tissues exposed 
to the higher concentration (40 mM). 
Furthermore, cell swelling was seen in the 
stratum transitionale and stratum spinosum 
in tissues exposed to PA and BA at pH 1.5 or 
4.0. Cell swelling in the stratum spinosum 
cells was most dramatic in samples exposed 
to BA at pH 4.0 and 1.5 and VA at all pHs, 
and less apparent in tissues exposed to AA 
and PA at pH 4.0 and 1.5.

Prevalence of gastric ulcers in the horses 
studied here was 56% (25 of 45 horses). 
Mean ulcer score for the horses with ulcers 
was 1.4/3.0. These findings were similar to 
those of two previous reports in which older 
horses were donated because of underlying 
medical disease and musculoskeletal 
lameness.4,5

Results indicate that concentration 
dependent alterations in tissue bioelectrical 
properties occur in the NG mucosa of the 
horse stomach when it is exposed to AA, 
at pH < 4.0, PA and BA at pH ≤ 4.0, and 
VA at pH ≤ 7.0. This functional change in 
the tissues was more than that induced by 
HCl alone. Functional mucosal damage was 
manifested as a decrease in sodium transport 
(i.e., Isc) and transient increase in tissue 
resistance. These changes were associated 
with histologic evidence of cellular swelling 
in the NG (squamous) mucosa.

Gastric contents in horses fed typical 
alfalfa hay and highly fermentable (soluble 
carbohydrate) grain diets have been 
reported to contain from 10 to 60 mM VFAs, 
most of which was AA (16 to 20 mM).2 In 
the aforementioned study, horses with a 
mean body weight of 411 kg were fed a 
diet consisting of alfalfa hay (5.5 kg) and 
grain (2.6 kg; 0.6 kg/100 kg BW). Acetic 
acid concentrations at or close to the 20 
mM threshold value were present in a pH < 
4.0 environment for 5 hours after feeding. 
A 5-hour exposure of AA at pH < 4.0 could 
potentially damage sodium transport in 
the NG mucosa of these horses, leading to 
cell swelling and eventual ulcer formation. 
Gastric ulcers were detected in 3 of 5 
horses in that study. Based upon the data 
presented here, it appears that feeding 
grain at levels below 0.6 kg/100 kg BW 
results in intragastric AA and other VFA 
concentrations that are below a threshold of 
20 mM. Thus, these findings are consistent 
with previous recommendations of grain 
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feeding at or below 0.5 kg/100 kg BW.10 
We therefore conclude that horses fed 
more than 0.5 kg/100 kg BW concentrate 
feeds every 6 to 8 hours may be at risk for 
developing NG gastric ulcers.

The proposed sequence of events that leads 
to tissue injury associated with VFAs in an 
acidic environment is that undissociated 
(nonionic) VFAs (at pH ≤ 4.0) penetrate 
the outer barrier layers and enter cells 
subadjacent to the stratum corneum, 
potentially as a result of co-transport with 
sodium. The intracellular pH is higher 
than the pH of the extracellular fluid, 
which results in dissociation of these weak 
acids and acidification of the intracellular 
environment. This disrupts sodium transport 
(as measured by Isc) and the regulation of 
cell volume. Uptake of water and sodium 
across the apical membrane cannot be 
alleviated by sodium pumping or potassium 
leakage through the basolateral membrane, 
which results in cellular swelling and 
ulceration. Acetic acid, because of its higher 
concentration in gastric juice, results in 
changes in bioelectric properties. 

Addition of calcium carbonate to mucosal 
bath solutions resulted in a return to 
baseline Isc and recovery in all tissues 
exposed to AA at pH 1.5. The recovery of 
these tissues was attributed to a change 
in pH or stimulation of Na – K ATPase 
by calcium carbonate. Calcium carbonate 
has been shown to stimulate Na – K 
ATPases via calmodulin in other species.11 
This recovery in Isc is greater than that 
observed in tissues when only the pH 
was increased.4,5 Based on these findings, 
it appears that the addition of calcium 
carbonate to gastric contents in the form of 
calcium supplements or calcium containing 
feed (alfalfa hay) might hasten the recovery 
of cellular sodium transport systems in NG 
mucosa of horses. Although, 20 mg/ml was 
used in this in vitro study, further studies 
are needed to determine the amount of 
calcium carbonate or calcium containing 
feeds required to initiate recovery of sodium 
transport systems in vivo and whether its 
use will help to prevent gastric ulcers from 
developing in horses. Furthermore, studies in 
people have shown that ingestion of calcium 
carbonate, following a meal, resulted in 
transient buffering of gastric acid followed 
by hypersecretion of acid or a “rebound” 
effect secondary to stimulation of gastrin 
or by other mechanisms.12 However, that 

“rebound” effect was not seen until 6 hours 
after feeding of a calcium-rich (alfalfa hay/
grain) diet in horses.2 

In conclusion, our results show that HCl 
and VFAs cause functional damage to the 
equine NG mucosa in vitro. A threshold level 
of AA was determined, which is relevant to 
the development of gastric ulcers because 
higher concentrations of this VFA have 
been detected in the gastric contents of 
horses.2,8  However, further research is 
needed to determine the in vivo affects of 
individual VFAs and to ascertain whether 
VFAs act synergistically to alter mucosal 
bioelectric properties. Our results also 
indicate that threshold VFA concentrations 
may be exceeded if excessive amounts 
of concentrate (> 0.5 kg/100 kg BW) are 
fed to horses, although further studies are 
required to determine the quantity and 
types of grain that can be safely fed to 
horses without exerting adverse effects on 
the stomach mucosa.

Footnotes
aSAS, Version 8.02, SAS Institute, Inc., 
Cary, NC.
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Selected Reproductive 
Surgery of the Broodmare

Angus O. McKinnon

Introduction

The notes herein are a compilation of 
some of the techniques that are used at 
the Goulburn Valley Equine Hospital and 
are not intended as an exhaustive, heavily 
referenced treatise of all available techniques. 
No attempt has been made to discuss 
all reproductive techniques or conditions 
requiring intervention. The procedures work 
very well for us; however, readers should be 
aware that different methods are employed 
successfully by others. We would be grateful 
to those who have different ideas and 
experiences if they would communicate 
them mailto:aom@iinet.net.au. Many of 
techniques presented are modifications of 
existing techniques, newer techniques and/
or areas we feel warrant special attention. 
We have assumed that readers are familiar 
at least with both relevant anatomy and 
standard documented surgical correction of 
reproductive related problems.

Topics for discussion have been dictated 
by our experiences and preference for an 
individual or alternate technique when many 
exist. Most problems could be expected to 
be presented to a busy equine practitioner in 
any individual breeding season. Most of the 
techniques relate to restoring or improving 
fertility and most are elective and require 
experience to make the correct diagnosis 
and therapeutic approach.

Patient Selection

In consideration of the client, patient and 
general perception of our abilities and merit 
of our interference, care should be exercised 
in selecting only those patients that are 
likely to respond favorably to surgery.

The probability of a successful outcome i.e. 
pregnancy, live foal etc. must be evaluated 
with regard to:

a) Severity and nature of the problem
b) Breeding history of the mare
c) Value of the mare and/or offspring 

(commercial or sentimental)

d) Cost of the procedure
e) Mare age.
f) Fertility of the stallion
g) Availability and suitability of 

sophisticated breeding techniques such 
as AI, ET etc.

h) Long term value of interference i.e. 
temporary or permanent improvement

i) General health of the candidate
j) Perpetuation of heritable conditions
k) Insurance and informed client consent
1) Ethical considerations
m) Experience of the veterinarian
n) Quality of on farm management

It is pointless to perform a sophisticated, 
expensive surgery i.e. for vesico vaginal 
reflux, if the mare has sustained chronic 
uterine damage and fibrosis that will render 
her infertile despite an excellent surgical 
outcome. Full reproductive evaluation is 
necessary prior to surgery in any candidate 
subjected to physical insults i.e. recto-
vaginal lacerations and fistulas for longer 
than one year.

Sedation and Anesthesia

Most procedures are performed with the 
mare standing utilizing local infiltration 
or epidural anesthesia. Apart from minor 
procedures (Caslick’s vulvoplasty) we prefer 
to have mares tranquilized and restrained 
in appropriate stocks, i.e. facilities for cross 
tying and/or tail elevation. Tranquilization 
and analgesia is provided most commonly 
with IV Detomidine (mg) butorphanol (mg). 
Longer surgeries may require the repeated 
IV use of low doses of Xylazine (100 
mg). Cost and length of tranquilization/
analgesia are important considerations. In 
addition some have other physiological 
effects e.g. increased urinary output with 
Xylazine. Detomidine provides excellent 
tranquilization and analgesia; however, 
effects are often still apparent hours after 
administration. Epidural anesthesia may be 
extremely effective, however variation in 
response, individual susceptibility and time 
before appropriate anesthesia is obtained, 
occasionally make it less rewarding than 
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tranquilization and local infiltration for some 
of the procedures discussed here. Techniques 
for epidural anesthesia have been discussed 
elsewhere.1 However one word of warning 
- epidural administration more than 7-9 ml 
of 2% local anesthetic to a 500 Kg mare 
can be associated with loss of motor control 
to the hind limbs and recumbency. These 
mares are difficult to manage and may 
require support for 2 to 4 hours.

Epidural injection of Xylazine for perineal 
analgesia has been reported to be very 
efficacious. A dose of 0.17 mg/kg (around 
75-100 mg in an average horse) was as 
effective as local anesthetic agents for 
analgesia and had nil or minimal effects 
on depression of motor nerves in the 
lumbosacral intumescence. Another 
advantage was demarcation of the area 
of analgesia with an area of sweating 
(dermatome) that was consistent both 
temporally and topographically.2 In our 
experience the perineal dermatome is not 
always obvious. In addition it takes around 
35-40 minutes for good analgesia to be 
recognized associated with xylazine epidural 
anesthesia. Currently we prefer to use 
a combination of xylazine (70 mg) with 
lidocaine (60 mg = 3 ml), q.s. saline to 10 
ml for most horses. With this regime loss 
of tail tone has occurred associated with a 
successful ‘block’ within 5-10 minutes and 
surgery generally has begun by ~30-45 
min post administration. Our most common 
method of epidural anaesthesia is to begin 
with the infusion 1 ml of local anesthetic 
through a 25 gauge needle subcutaneously 
above the first moveable coccygeal/sacral 
joint (usually C1 and C2). Next a 38 mm, 18 
gauge needle (bevel forward and introduced 
at 45 degrees) that has a small amount of 
fluid left to create a meniscus on the needle 
hub is introduced through the local bleb. 
Recognition of the fluid being aspirated 
into the needle infers correct placement 
and the appropriate amount of solution 
is injected slowly into the epidural space 
whilst continually evaluating the ease of 
administration to ensure the needle tip is 
still in place.

Occasionally epidural anesthesia is difficult 
to achieve (infusion outside the spinal 
cord before proper epidural placement, 
hemorrhage through the needle and tissues, 
anatomic abnormalities and fat horses). 
Provided local anesthesia can be obtained 
by infiltration without adverse affects on 

wound healing, we prefer to perform surgery 
without the epidural and provide incremental 
IV administration of Xylazine i.e. 50-100 mg 
to already tranquilized patients when or if 
minor surgical discomfort is recognized.

In some instances we have been able 
to identify correct epidural placement 
by injecting the anesthetic slowly while 
moving the needle until there is an obvious 
change in the amount of pressure needed 
to advance the solution. These situations 
are usually associated with a mare with 
abnormal anatomy (i.e. after a traumatic 
foaling) and lack of movement of fluid in the 
needle hub.

Vestibule and Vulval Lips

a) Pneumovagina

There are three barriers to aspiration 
of air and contaminants into the cranial 
reproductive tract:

1) The vulval/vaginal lips
2) The vestibular sphincter and
3) The cervix

It would appear that the vestibular barrier is 
more important than previously recognized, 
however when any of these protective barriers 
are rendered incompetent, contamination 
and concomitant vaginitis, cervicitis and 
metritis may result. Pneumovagina can 
result from faulty perineal conformation, 
previous injury to perineal tissues or effects 
of poor body condition. Pneumovagina 
can also be iatrogenic i.e. reproductive 
examination or breeding.

Recognition of potential candidates for 
pneumovagina are made from anatomical 
observations3 i.e. predisposition is associated 
with a low pelvis, tilted vaginal lips and a 
sunken anus (Figs 1a and 1b). If possible 
mares should be examined during estrus 
when the reproductive tract is relaxed. 
Parting the vulval lips results in loss of 
integrity of the vestibular sphincter and an 
audible ingress of air to the cranial vagina. 
Recognition of foamy exudates from the 
vaginal lips may be often noted during rectal 
examination. In addition ultrasonography 
has been used to visualize air in the 
uterus.4 If in, doubt after clinical evaluation 
about a mares potential to aspirate air into 
the vagina, we recommend treating by 
surgery all mares that have been barren 
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one or more breeding seasons, unless other 
causes of reduced fertility are obvious i.e. 
stallion, farm management etc.

Caslick’s Vulvoplasty

The procedure was first described by Dr. E.A. 
Caslick in 1937,5 and involves apposition 
of the vulval lips. Local anesthesia of 
vulval lips, removal of a thin portion of 
mucosa from the mucocutaneous junction 
and apposition of the cut edges is simple, 
quick and effective. Length of apposition 
is determined by height of pelvis relative 
to vulval lips. In general the join should 
continue to a point at least 3 to 4cm 
below level of the pelvis and approximately 
3cm should be left unopposed to allow 
for urination. If this is not possible other 
surgical techniques (see below) may be 
necessary.

    A

            B

Figure 1a. Retraction of vulval lips 
reveals an intact vestibular sphincter. 
Figure 1b. Retraction of vulval lips 
reveals an open vestibular sphincter 
that is likely associated with pneumo-
vagina.

Points for consideration

1) Suture material – We use 0 catgut 
(Metric 4) on a continuous spool. The 
benefit of gut is that is gone or degraded 
by the time of either pregnancy testing 
(~15 days) or the next breeding cycle 
(if the mare is empty). Other materials 
that are non absorbable or delayed 
absorbable may damage the stallion if 
the mare is rebred.

2) Suture pattern - Simple continuous is 
quicker and just as effective as simple 
interrupted. However failure to appose 
the deepest layers of the exposed 
tissues may result in fistula formation. 
Failure to exit/enter in the middle of 
the cut tissue caused by taking bites to 
deep will result in wound breakdown.

3) Method of mucosa removal:
 - Tissue should be removed from the 

mucosal surface of the vestibule not 
the skin of the vulva lip.

 - to much will result in fibrosis and 
difficulty for the next veterinarian (Fig 
2a).

 - if multiple procedures are performed 
in one season, freshening with a scalpel 
blade is sufficient, providing a careful 
suture pattern is placed (Fig 2b).

 - incision with a scalpel blade rather 
than mucosal removal is recommended 
for maidens (i.e. race mares) (Fig 2c). 
This results in a thinner join that is 
easily opened at the breeding farm.

4) Post operative treatment
 - Frequent rectal palpation within two 

weeks will result in fistula formation.
 - remove (open) 2-3 weeks prior to 

anticipated foaling
5) Variations
 - placement of a breeding stitch 

(usually doubled heavy gauge suture 
material or umbilical tape (Fig 2d) will 
save unnecessary replacement and 
facilitate breeding and some manual 
vaginal manipulations for treatment 
etc. Care is needed with natural service 
to prevent penile trauma. We routinely 
treat or bred (AI) mares by passage 
of an infusion pipette into the vagina 
(past the vestibular sphincter) and 
use rectal manipulation of the pipette 
through the cervix similar to, but with 
a little more difficulty than cattle.
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  A   B

    C

    D

Figure 2a. Careful trimming of the muco-
cutaneous junction without removing 
skin from the vulval lips facilitates 
many more identical surgeries. Figure 
2b. Simple continuous suture is all that 
is necessary but suture placement will 
help avoid fistulas. Figure 2c. A scalpel 
blade is recommended for the first 
caslick a mare has, especially maidens 
in work. Figure 2d. A breeding stitch 
may be useful in preventing the caslick 
from opening with vaginal examination 
or natural service.

2) Episioplasty

This procedure is used in cases with more 
severe anatomic abnormalities where the 
Caslick vulvoplasty is ineffective and in 
mares with extensive or repeated second-
degree perineal lacerations. Technically 
the previous surgery is an episioplasty 
as well, however we6 use the term to 
describe the more extensive procedure 
previously referred to as 1) a deep caslick 
2) the Gadd technique or 3) a perineal body 
reconstruction. The procedure is designed 
to restore some degree of function to the 
perineal body.
(Figs. 3a and 3b).

    A

    B

Figure 3a. The dotted lines outline the 
area to be apposed with the formation 
of a new perineal body. Figure 3b. 
The ventral layer of the perineal body 
consists of the vaginal mucosa. The 
perineal body is created from apposition 
of the vaginal mucosa where the tissue 
has been denuded.

The surgery is performed on the standing 
mare with local anesthesia. Visualization 
is improved by good retraction and light 
sources. We prefer to perform all perineal 
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surgeries using as a light source with a 
centrally mounted beam.

A triangular portion of the dorsal caudal 
vestibule is removed from both sides. 
Apposition of the ventral borders of the 
incision and obliteration of the potential 
space above result in increase in size of the 
perineal body and decreased propensity of 
the vestibule to create negative pressures.
The ventral borders are apposed with a 
continuous absorbable suture (2/0 vicryl) 
and dead space with single interrupted 
sutures. The mucocutaneous junction is 
closed similar to the Caslick procedure.

Points for consideration

- The procedure appears most beneficial 
when combined with a perineal body 
transection (see below).

- Failure to “open” the dorsal vestibule 
and vulval lips prior to foaling (2-3 
weeks) may result is severe perineal 
laceration.

- The surgery usually takes longer 
(30-40 minutes) than expected (10-15 
minutes) and is sometimes associated 
with significant and annoying obscuring 
hemorrhage.

b) Urovagina

Pooling of urine in the vagina is a problem 
for a variety of reasons.In 1985 Jay Belden, 
then of Fossil Creek Farms, showed me his 
technique for urovagina. Prior to this both of 
us had tried the other described techniques 
and were not particularly happy with the 
outcome. After around 34 surgeries between 
us using Jay’s technique, we decided the 
technique was efficacious and should be 
presented. The resultant publication4 has 
been summarized below.

The midline caudal border of the transverse 
vaginal fold is grasped with Allis tissue 
forceps and retracted caudally toward the 
surgeon Two to 4 cm cranial from the caudal 
border of the transverse fold, a horizontal 
transverse incision to the submucosa is 
made with a No. 12 Bard Parker blade (Fig 
4a). The incision is continued laterad and 
then slightly dorsad to the vaginal wall. The 
vaginal retractors are then repositioned, 
and a No. 20 Bard Parker blade is used to 
extend the incision from the lateral border 
of the transverse folds caudad. This incision 
is made approximately one half to two thirds 

of the distance between the vaginal floor 
and roof and is extended to the vulvar labia. 
The caudal cut edge from the transverse 
fold incision and the ventral cut edge of the 
vaginal wall incision are dissected so that the 
free tissue flaps are reflected caudad and 
mediad, respectively. This caused vaginal 
mucous membranes of the free tissue flaps 
to be reflected ventrally and the underlying 
cut surface to be exposed dorsally. Next, the 
retractors are repositioned, and an identical 
incision is made on the opposite vaginal 
wall, extending from the lateral extremity 
of the transverse fold caudally toward the 
surgeon (Fig 4b).

    A

    B

    C

Figure 4a. The first incision is along 
the transverse fold of the vestibular 
sphincter. Figure 4b. The lateral vaginal 
wall is dissected after the retractors are 
repositioned. Figure 4c. The reflected 
two vaginal walls and the reflected 
undermined transverse fold are all 
brought together and inverted leaving 
the denuded surface in the vestibule.
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Dissection of the tissue flap from the 
transverse fold is continued until the caudal 
cut edge could be reflected approximately 3 
to 6 cm toward the surgeon. The dissection 
of both vaginal wall flaps is continued 
ventrally until the cut edges could be 
reflected without tension past the midline 
(Fig 4c). The suture pattern (Fig 4d) used 
to appose the submucosal tissue layer is 
a continuous modified Connell’s, using 2-0 
gut. The final configuration is in the shape 
of a Y, with the apex pointing caudally. The 
first suture line begins cranially and laterally 
at the junction of the transverse fold and 
vaginal wall incisions and is ended at the 
midpoint of the transverse fold reflection. 
Cut edges of the transverse fold and vaginal 
wall are inverted so that denuded tissues 
are in apposition. The second suture line 
began on the opposite side, at the junction 
of the transverse fold and vaginal wall 
incisions, and is continued to the end point 
of the first suture pattern and then on the 
midline, toward the surgeon, to the caudal 
end of the vaginal wall reflections. The result 
is an extended tunnel from the urethral 
orifice (under the transverse fold) to the 
caudal vaginal vault. It is important to have 
minimal tension associated with the suture 
line and have all apposed edges inverted 
so that dissected or denuded tissues are in 
apposition (Fig 4e).

    A

    B

Figure 4d. The suture pattern is a 
modified Connell. Figure 4e. The 
finished urethral tunnel.

The denuded tissues created dorsally by the 
dissection of the transverse and vaginal folds 
are allowed to heal by second intention. If 
necessary, an episioplasty is performed 
after surgery.

-  Additional points
-  The technique described is our technique 

of choice for treatment of all mares 
with urovagina. Other treatments such 
as perineal body transection or caudal 
relocation of the transverse fold are 
often only temporarily effective.

-  Episioplasty performed at the same 
time may result in excessive ablation 
of vestibule.

-  In some mares urine will pool in the 
caudal relocation of the urethral tunnel 
and it will be voided during exercise, 
commonly resulting in urine staining 
of the perineum. While this does not 
affect fertility, it is unsightly and may 
be treated by incision into the new 
urethral tunnel to a point 2-4 cm 
cranial to the vulval lips but not far 
enough to allow urovagina to reoccur.

Perineal Body

Surgeries of the perineal body are necessary 
to correct severe anatomic defects (perineal 
body transection - PBT) or injuries due to 
foaling (perineal lacerations and fistulae).

a) Perineal Body Transection

Perineal body transection has been described 
to be beneficial for both pneumovagina and 
urovagina.7 Our experiences would suggest 
definitely the former but only occasionally 
the later.

The primary indication for PBT is mares with 
such external reproductive conformation that 
we are not able to prevent pneumovagina 
after either Caslick’s vulvoplasty or 
episioplastly i.e. mares with a severely 
sunken anus and most or all of the vulval 
lips positioned above the brim of the pelvis 
(Fig 5a and 5b).

The procedure is performed with local 
anesthesia with or without tranquilization. 
Local anesthesia (40-70ml) is liberally 
infused into the perineal body and laterally 
to include the vaginal walls to a depth of 
8-14 cm.
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Towel clamps positioned just ventral 
to the anal sphincter and dorsal to the 
dorsal commissure of the vulva are used 
to provide retraction and tension while a 
4-6 cm-horizontal incision is made midway 
between the anus and dorsal vulva. The 
incision is continued for a short distance 
(2-5cm) along either side of the vulva. Sharp 
and blunt dissection are used to completely 
transect the muscular and ligamentous 
supporting tissues between the rectum and 
vestibule (Figs 5c-e). 

Depending on the individual mare, the 
dissection proceeds cranially for 8-14cm 
and finishes before entering the peritoneal 
cavity. The aim of the surgery is to allow 
the vulval lips to assume a more horizontal 
position by freeing them from attachments 
to the rectum. Generally the surgery is 
finished when the desired external 
conformation is achieved after allowing for 
wound contraction.

    A

    B

  C   D

    E

Figure 5a. The ageing process of the 
mare and her conformation has allowed 
the vestibule and vagina to be positioned 
mostly above the pelvic brim. Figure 5b. 
This conformation results in pneumo-
vagina and occasionally urine pooling. 
Figure 5c. The musculature associated 
with the rectum and vestibule/vagina 
must be transected to allow the vulval 
lips to relax caudal. Figure 5d. The 
surgery often results in the tip of the 
vulva relaxing to create a shelf if the 
incision is left not sutured. Figure 5e. 
The final result about 48 hours after 
surgery.
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Closure of the skin incision was originally 
recommended;7 however, we commonly 
leave the incision open. Closing the skin 
occasionally results in dehiscence and also 
seems to influence the result after wound 
contracture occurs. The wound heals by 
second intention and is surprisingly rapid 
(2-3 weeks).

Points for consideration

placing a hand in the vestibule enables 
accurate dissection. Penetration of the 
vagina or rectum should be avoided.

The wound is unsightly while healing and we 
recommend careful client communication 
and/or hospitalization for 1-2 weeks.
The benefits from corrective surgery are 
immediate and mares can be bred at the 
first opportunity providing qualified personal 
are available. Natural service is generally 
delayed 2-3 weeks to allow strengthening of 
the dorsal vestibule and vagina

Despite the surgery causing moderate 
hemorrhage we have not had to take any 
special precautions or protective measures.

b) Perineal lacerations

Most perineal injuries occur at the time of 
foaling and are associated with:

1) a mal-presented or oversized fetus or
2) extensive, vigorous, inappropriate 

or sometimes unavoidable manual 
manipulation during parturition and

3) violent expulsive efforts of the mare
4) maiden mares are by far the most 

commonly injured with 3rd degree 
perineal lacerations.

The injuries are commonly referred to as 
1st, 2nd or 3rd degree perineal lacerations 
(PL).

1) 1st degree PL involves only the mucosa 
of vestibule and skin of the dorsal 
commisure of the vulva.

2) 2nd degree PL involve both the mucosa 
and submucosa of the dorsal vulva, 
and some of the musculature of 
the perineal body, in particular the 
constrictor vulvae muscle. There is no 
damage to rectal mucosa.

 Minor 1st degree PL may require no 
treatment. Extensive lacerations may 
require episioplasty or perineal body 

reconstruction. If tissue damage results 
in significant edema, inflammation and 
infection, then surgical correction is 
often delayed for 2-3 weeks.

3) 3rd degree PL results in tearing of the 
vestibular and sometimes vaginal wall 
and disruption of the perineal body, anal 
sphincter and rectal wall. This results 
in a common opening between the 
rectum and the vestibule.8 The constant 
presence of feces in the vestibule and 
occasional unpleasant sound from air 
movement make repair imperative for 
breeding and recommended for future 
riding horses.

Immediate care for the mare at foaling 
involves antibiotics, anti-inflammatories and 
protection against tetanus. The surgical 
correction is delayed at least 4 weeks 
to allow initial second intention wound 
healing to occur. Heroic repair at the time 
of foaling is almost never successful.8 The 
longer the injury is left untreated the more 
opportunities for continual contamination 
of the reproductive tract, however this is 
related to functional capabilities of vestibular 
sphincter and many people will wait until 
weaning if a live foal was delivered. The 
cervix must be examined prior to surgical 
correction of PL and if a prolonged time 
between foaling and repair has occurred a 
full reproductive evaluation including biopsy 
is warranted.

Surgical Technique

There are many methods described. Most 
importantly the procedures are modifications 
of either a single or two-stage repair. A 
modification of the single stage repair9 is 
the technique we prefer.

Prior to surgery vigorous efforts are made to 
modify the consistency of the feces. Mares 
are held off feed for at least 24 hours and 
given a mineral oil drench (2-3 liters) before 
beginning surgery. After surgery mares are 
placed on pasture if available and mineral 
oil is administered by stomach tube daily for 
3 days as necessary to maintain a soft fecal 
consistency. Mares are restrained standing, 
tranquilized and epidural anesthesia is 
employed. Fecal material from the rectum 
is removed as far cranial as possible. Large 
wads of cotton are inserted into the cranial 
rectum to absorb fecal fluid and prevent 
fecal contamination of the surgical site. 
Tissues are cleansed and prepared for aseptic 
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surgery. Towel clamps are inserted into the 
ventral anal sphincter in a configuration that 
when apposed represent the ideal surgical 
apposition point. In addition towel clamps 
are placed on the dorsal vulval commisure 
and then retracted to provide visualization 
for surgical access or alternatively stay 
sutures are used to retract the vulvae. An 
incision is made along the scar tissue line 
marking the junction between the vestibule/
vagina and rectum. Tissues ventral to the 
incision are dissected to create mobilized 
vestibular mucosa and submucosa that 
when apposed from side to side will form 
the ventral border of the perineal body. 
Tissues dorsal of the incision are debrided 
and rectal submucosa is undermined to 
allow sufficient mobilization to form by side 
to side apposition the ventral border of the 
terminal rectum. All tissues are then sutured 
concurrently and incrementally from cranial 
to caudal. 

The rectal and vaginal reflections are apposed 
by a continuous modified inverting Connell 
suture. Suture material preferred is a No. 1 
delayed absorbable i.e. PDS for the fibrous 
layer, 0 PDS for the vagina and 2/0 for the 
rectal mucosa. When the suture pattern of 
the rectal submucosa has proceeded 2-3cm 
the suture material is retracted and then the 
vaginal or vestibular submucosa is similarly 
apposed. The resulting dead space in 
between that will be the recreated perineal 
body, is obliterated by multiple interrupted 
or continuous apposition sutures. The three 
areas of apposition are then alternatively 
progressed caudally, 2 - 4cm each time, 
diverging at the perineal body, until the 
ventral vestibular submucosa stitch can be 
tied and vulval lips closed by a Caslick. The 
apposing suture of the rectal submucosa is 
terminated at the dorsal perineal body at the 
level of the defect in the anal sphincter. The 
anal sphincter may or may not be apposed 
at all. Adequate dissection of vestibular and 
rectal submucosa is necessary to prevent 
undue tension on the continuous suture 
patterns (Fig. 6).

Post operatively apart from antibiotics 
anti-inflammatories and protection 
against tetanus, the management of fecal 
consistency is most important.

    A

    B

    C

Figure 6a. Towel forceps are used to 
identify the ideal position of the rectum 
at the end of the surgery. Figure 6b. 
After dissection of the scar tissue 
the tissues are sutured according to 
their origin (rectal mucosa, perineal 
body and vaginal wall). Figure 6c. The 
three suture patterns are incrementaly 
increased to ablate dead space in the 
perineal body and provide integrity of 
the rectal and vaginal layers.

SAEVA Proceedings.indd   60 2/11/09   11:44:50 AM



61

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

Two Stage Repair

1st Stage - the aim is to recreate the 
rectovestibular shelf i.e. close the vestibular 
cavity and recreate a portion of the ventral 
perineal body. Because the rectal mucosa is 
not apposed and anal sphincter not repaired, 
there is less tension on the sutures, minimal 
straining and potentially less dehiscence.

The surgical technique is described 
elsewhere;8,10 however, it is very similar 
to the single stage repair except the rectal 
mucosa and dorsal perineal body are not 
apposed until 3-4 weeks later (2nd Stage).
Points for consideration

1) Techniques are largely dictated by 
experience. We believe inexperienced 
surgeons will have less difficulty with 
the 2 stage repair.

2) The better the surgeon’s anatomical 
and functional understanding of 
the perineal body the more likely a 
favorable outcome will follow.

3) If a two stage repair is attempted 
economic consideration for the client 
appears warranted as single stage 
repair is just as successful with 
experienced surgeons.

Fertility is good after successful repair. A 
slightly higher incidence of perineal trauma 
is expected with these mares.

c) Rectovestibular Fistula (RVF)

Most commonly RVF result from foaling 
injuries although they can occur from 
breeding, sadism or other accidents. Some 
will heal without surgical intervention, so 
surgical correction is attempted at least one 
month or more after the injury. In the last 
five years we have been breeding the mares 
on an induced (prostaglandin) second post 
partum estrous period and then immediately 
(within 2 days) performing the fistulae 
repair. The fertility of mares undergoing 
this technique has been excellent (~75% 
per cycle). For this to be successful as 
much fecal material as possible is removed 
immediately before breeding (either natural 
or AI). After breeding the uterus is lavaged 
at least daily until repair is performed.

Most surgeons treat RVF by converting 
them to 3rd degree PL and repairing as 
previously described either standing or 
under general anesthesia.11 For deep 

(cranial) RVF’s a perineal body transection 
has been utilized.8

During the last 17 years we have repaired 
RVF with a trans-rectal approach, which we 
first described in 1991.12 A similar technique 
was described in the 1996 AAEP proceedings 
by Dr. Stephen Adams.13 In our hospital, 
modified Finochetto (Aanes) retractors 
(Scanlan Instruments, Englewood, Co USA) 
are inserted into the rectum through the 
anal sphincter. These retractors make the 
surgery quite simple. The fistula is debrided 
and closed in three layers, with continuous 
suture patterns and without conversion into 
a 3rd degree PL. The vestibular portion may 
be closed through the vagina or rectum and is 
inverted into the vestibule. The middle layer 
(perineal body) is closed from the rectum 
and the rectal portion inverted into the 
rectum. When we previously described the 
surgical correction12 it was recommended 
to alternate the orientation of the closure. 
Now we recommend that all three layers 
are closed transversely not longitudinally. 
The fistula middle layer is closed with 0 or 
1 PDS, the vagina with PDS and the rectum 
with 0 or 2/0 PDS (Fig. 7).

Figure 7. The fistula is easily approached 
per rectum if good retractors are 
available.
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Restraint and postoperative care is similar 
to mares with perineal lacerations; however, 
not as much attention is given to fecal 
softening.

Points for consideration

The caudal border of the fistula may be 
difficult to debride and is most commonly 
rotated towards the surgeon by grasping it 
with forceps (from the rectum) and everting 
it caudally. On occasion it may be helpful to 
have the surgeons hand in the vagina while 
working on this part of the fistula.

The use of a No 12 blade greatly facilitates 
dissection of the fistula ring.

3) Cervix

- Cervical lacerations

Injuries to the cervix most commonly occur 
at foaling. Many are not associated with 
a recognized dystocia. Assessing degree 
of compromise to the cervix as a barrier 
to intrauterine infection may be difficult. 
In general examination immediately after 
foaling will reveal only the most major 
defects. Most cervical lacerations are 
identified later and are best evaluated in 
diestrus because increased tone facilitates 
assessment of degree of apposition of 
cervical folds and damage to the muscular 
layer. Manual palpation is essential for 
accurate diagnosis. Many mares with major 
cervical defects are still able to conceive and 
carry a foal to term.

In general only those mares with a cervical 
defect that progresses cranially to involve the 
junction of the external Os with the vagina 
are candidates for surgery at our practice. In 
addition only mares with obvious subfertility 
are usually considered i.e. uterine infection, 
barren one or more years etc.

Surgical Technique

Mares are restrained, standing and 
tranquilized. Local anesthesia is preferred 
with 40-60 ml of 2% lidocaine infused 
dorsally and laterally deep in the vaginal 
tissues around the cervix. The most difficult 
aspect of cervix surgery in the mare is 
adequate exposure. Modified Finochietto 
(Aanes) retractors are preferred and the 
cervix is drawn caudally by Knowles forceps. 
The forceps used must have large teeth that 

facilitate retraction with vigorous caudal 
pressure without tearing out of the cervix. 
With this technique it is generally not 
necessary to use specially extended cervical 
instruments (Fig 8a and 8b).

The forceps are placed about 1-2 cm on 
either side of the defect or laceration. Slight 
rotational movement provides excellent 
access to the fibrous scar of the defect. 
The scar is debrided to level of the cervical 
musculature and the external vaginal 
mucosa of the cervix slightly undermined. 
The internal cervical mucosa is undermined 
and trimmed. Original reports of cervical 
closure describe a three layer closure.8 We 
prefer two. The internal layer is closed with a 
1 PDS with a cutting needle by a continuous 
pattern through the internal mucosa and 
muscular layer. The external layer is closed 
with a simple continuous layer using 2/0 
or 0 PDS. Occasionally it is necessary to 
trim excessive cervical folds that prolapse 
into the suture pattern and result in fistula 
formation, however, care in not removing 
too much is recommended to avoid creating 
a cervix with major orientation deviations. 
In addition it is easy to inadvertently 
include cervical mucosa on the wrong side 
of the lumen if the cervical forceps are not 
positioned well. Patency of the cervical Os 
is continually confirmed during placement 
of sutures.

Post operative treatments for the mare are 
antibiotics and protection against tetanus. 
After 21 days, patency of the lumen is 
assessed by careful manual examination. 
Frequently mild adhesions have attempted 
to form. Their occurrence is of no major 
concern and gentle manipulation and daily 
application of a corticosteriod, antibiotic, 
oil based cream, after the surgical site 
has healed, results in return to normal 
function.

    A
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    B

Figure 8a. Knowles forceps applied 
either side of the laceration facilitate 
the retraction and identification of the 
best place to debride and suture. Figure 
8b. Suture pattern recommended for 
cervix surgery.

Points for consideration
- The most craniad portions of the external 
cervical Os appear to be the most important 
barriers to infection. Overzealous surgical 
apposition of the caudad cervix results in 
a very small external Os that broadens 
cranially and does not create a good enough 
seal in diestrus or relax enough during 
estrus to allow adequate drainage of uterine 
contents.

- Previously repaired cervix problems often 
are injured again at breeding and/or foaling. 
AI is recommended, or a breeding roll at the 
very least, if natural service is necessary.

4) Ovaries

Ovariectomy- some indications for 
ovariectomy include: a) mares displaying 
continual annoying nymphomania b) ovarian 
neoplasia c) use of ovariectomized steroid 
treated mares as recipients for embryo 
transfer or d) mares to be used as tease/
jump mares (with or without exogenous 
hormone administration).

Most techniques describe ovariectomy by 
a ventral midline approach with ovarian 
pedicle ligature prior to excision. However, 
this is expensive and in our experience 
occasionally unnecessary. Ovariectomy 
by colpotomy (vaginal approach) with 
hemostatsis and excision performed with an 
ecraseur (“crusher”) is an approach not often 
utilized, despite being described centuries 
before advent of powerful restraining 
pharmaceuticals. Of course there are many 
occasions when flank or ventral midline 

approaches will be necessary, particularly 
for mares with ovarian neoplasia.

Colpotomy

Mares are not fed for 24 hours prior to 
surgery; they are restrained standing and 
tranquilized. The tail is secured dorsally. 
The external perineum is cleansed and 
vaginal cavity lavaged with sterile saline (1 
liter). No epidural anesthesia is necessary. 
Blunt/Blunt scissors (Metzenbaum) are 
used to puncture the cranial vaginal wall 
in a position between 4 and 5 o’clock 
relative to the external Os of the cervix and 
near the border of the pelvic canal. The 
scissors are advanced 4-6 cm then opened 
and withdrawn through the vaginal wall 
in the opened position. The resultant hole 
enables a single finger to bluntly enlarge the 
opening to admit a hand. The peritoneum is 
punctured with a single digit and ovaries and 
uterus identified and palpated. Swabs that 
have been previously sewn together and 
then sterilized are soaked with 50ml of local 
anesthetic and applied circumferentially to 
each ovarian pedicle for at least one minute 
each. A ‘Hauptner’ ecraseur is used to 
remove each ovary individually. Frequently 
the ovarian attachments to the ovary have 
to be manually stretched to allow ovarian 
removal. The vaginal incision is not closed, 
however we recommend a Caslick be 
performed.

Mares are treated with anti-inflammatory 
medication i.e. phenylbutazone (2gm IV) 
approximately 10-20 minutes prior to 
beginning surgery. Delaying phenylbutazone 
administration or use of oral preparations 
may result in moderate abdominal discomfort 
manifested by sternal recumbency. Other 
prophylactic administrations are antibiotics 
and protection against tetanus. Mares 
are not cross tied but usually are boxed 
overnight and then turned out onto pasture 
the next day.

We have used this technique in many mares, 
including mares with small granulosa theca 
cell tumors up to approximately 10 cm 
without complication. Reported complications 
are evisceration, hemorrhage, removal 
or penetration of bowel, fatal peritonitis 
and local infection. The incidence of these 
problems is likely related to experience of 
surgeon and speed of the surgery. Clearly 
the technique has potential drawbacks i.e. 
size of ovary or structure is limited to 
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less than approximately 10cm. However 
the procedure is safe and efficacious in 
many instances and able to be performed 
expediently by personnel experienced with 
examination of female reproductive tract.

Points to be considered
-  Occasionally some mares strain during 

the procedure. Allowing more time 
for improved analgesia or additional 
analgesia appears effective.

- Many of the complications such as 
evisceration and infection appear 
to be minimized by; pre-surgical 
administration of IV phenylbutazone 
to prevent post surgical recumbency, a 
Caslick and prophylactic antibiotics.

-  The procedure is safe, expedient and 
efficacious and complication rate is 
similar to or less male castration.

-  Mares with uterine infection or 
urovagina are not considered for the 
technique.

5) Uterus

Uterine Torsion

Uterine torsion is an infrequent but serious 
complication of the late gestation mare. Most 
occur in the last two months of gestation 
and are recognized by mild to moderate colic 
that responds temporarily to analgesics. 
Unlike cattle most uterine torsions of the 
mare are pre-term and not associated with 
parturition. Definitive diagnosis is based on 
careful rectal examination. Identification of 
the ovarian pedicle and uterine ligaments 
should suggest whether the rotation is 
clockwise (to the right and downwards when 
viewed from behind) or counter clockwise. 
The uterine ligament on the side to which 
the rotation has occurred is pulled directly 
downwards and under the uterine body. The 
other uterine ligament is displaced medially 
and runs over the uterine body towards the 
side of rotation and then downwards. The 
greatest tension is on the ligament that 
the rotation is turned towards. Occasionally 
diagnosis of direction of torsion is difficult 
per rectum.

Technique for correction depends on stage of 
gestation and value of the animal. At term, 
manual rotation of the fetus through the 
cervix is often possible. Prior to imminent 
parturition, non-surgical repositioning 
(rolling) is possible but may occasionally 
result in uterine rupture. The mare is 

positioned in lateral recumbency on the 
side to which the uterus has rotated to i.e. 
clockwise torsions result in the mare being 
placed in right lateral recumbency. The mare 
is quickly flipped over to her other side and 
hopefully uterine weight allows the mares 
body to pivot about the fetus and reposition 
the problem. Degree of success can be 
ascertained by repeated rectal palpation. 
Another approach is to place a board with 
weight (i.e. a person) on the upper flank 
and turn the mare slowly. In this case the 
board maintains the fetal position during 
mare rotation.

Alternative techniques for correction include 
standing flank laparotomy and ventral midline 
approach. Standing flank laparotomy has 
been our preferred method for correction 
if the mare and/or foal are valuable and 
there is no evidence of uterine rupture. This 
technique has a lower probability of creating 
uterine rupture and avoids the stress of 
anesthesia.

Standing Flank Laparotomy

The mare is moderately sedated and the 
paralumbar fossa on the side towards 
which the rotation is directed is clipped 
and prepared for aseptic surgery. Local 
anesthetic (40-80 ml) infused in a vertical 
line is administered at or slightly cranial to 
the anticipated incision in the middle of the 
paralumbar fossa. The skin and paniculus 
(cutaneous) muscle are incised vertically 
and external and internal abdominal 
oblique muscles are separated along their 
direction of orientation (grid approach). The 
transverse adominus is bluntly dissected 
and the peritoneum punctured with a 
single finger. The direction of the torsion is 
confirmed and a prominent part of the foal 
under the uterus is grasped and used to 
gently rock and lift the uterus towards the 
surgeon. Resolution of the torsion is usually 
immediately obvious, however on occasion 
lengthening the incision to allow two hands 
to enter the abdomen or a bilateral flank 
incision with two surgeons is sometimes 
necessary. 

The external and internal abdominal oblique 
muscles and subcutaneous tissues are 
apposed by a simple continuous suture 
pattern with a No. 1 or 2 absorbable material. 
The skin is closed with a continuous simple 
or interlocking pattern of non-absorbable 
material.
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Points for consideration
-  Abdominal ultrasonography should be 

used to verify that the foetus is still 
alive and if possible asses uterine 
integrity.

-  Survival of the mare and/or foal may 
be influenced by degree of uterine 
torsion, ease of correction, elapsed 
time prior to correction and stage of 
pregnancy.

-  Regardless of the stage of gestation, 
if the cervix is open at the time of 
recognition of uterine torsion, delivery 
after standing intravaginal/intrauterine 
manipulation or ventral midline access 
for reposition and caesarian section is 
preferable to standing flank laparotomy 
or rolling of the mare.

-  Occasionally a standing flank 
laparotomy will not have a successful 
surgical outcome due to the degree 
of rotation. If a more severe rotation 
(>360 degrees) is suspected or an 
excessively elevated heart rate (>70 
bpm) are identified it may be better to 
perform a ventral midline laparotomy 
to better asses uterine health and gain 
the best physical advantage for uterine 
positioning. In addition the foetus can 
be removed.
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Lawsonia intracellularis
History, Pathology, Clinical signs, Laboratory values/Clinical pathology, a/body tests, PCR, Treatment, Prog-
nosis, Prevention/Vaccination.
Dr. Martin Denkhaus 

HISTORY

Proliferative Enteropathy (PE)/Protein 
loosing enteropathy caused by Lawsonia 
intracellularis occurs in a number of species.  
It is best known in pigs but has been 
described amongst others in dogs, hamsters, 
ferrets, ostrich, guinea pigs, sheep and 
horses.   

It has been widely studied in pigs where it 
is of great economic importance. Here it is 
mainly an economically erosive, subclinical 
disease which causes pigs not to reach their 
slaughter/market weight in the expected 
time.  Cases of acute and obvious disease 
also occur, but these are generally mild with 
diarrhea being the main feature.

The cause of porcine PE was isolated in 
1993.   Lawsonia intracellularis is an obligate 
intra cellular, gram negative bacteria. 

There is no proof that pigs act as source of 
infection.  

The disease is sporadic in horses with only a 
few herd outbreaks reported.   The severity 
seems to vary from year to year.  Some 
years will only have mild cases with only 
pyrexia and mild hypoproteinaemia, while in 
other years intensive treatment in a number 
of foals/weanlings is necessary.  As in pigs, 
subclinical disease also seems to occur.  
There is a high incidence of sero-positive 
weanlings that were never clinically ill. 

The first single clinical case in horses 
was described in 1999 from Iowa State 
University describing 

L. intracellularis as a cause for diarrhea in 
a miniature foal1.  The first herd outbreak 
was described in Canada in 2000 by Dr 
Jean-Pierre Lavoie2.  The first clinical cases 
in South Africa were proven in 2003 in 
which a herd outbreak led to two deaths 
and a number of severely ill weanlings. 
It has become a well recognized disease 
throughout the country – certainly in the 
Cape and can be considered an emerging 
disease world wide.

PATHOLOGY

MACRO PATH:  Thickening of the jejunul, ileal 
and colon wall up to 5mm. Discolouration of 
the serosal surface which becomes dark 
red to purple.  The mucosal surface is often 
severely folded and thickened, described 
by Stellenbosch Regional Laboratory as 
having the appearance of the cerebral 
cortex: “cerribriform”.  The thickened and 
discoloured area is well demarcated.  Mild to 
moderate ascitis is usually present.  In per 
acute cases a severe fibrinous peritonitis 
with admixture of intestinal content can be 
found.  The above picture can be confused 
with a strangulation volvulus and rupture.  
It is only when looking for a rupture in 
the affected intestine and not finding it, 
that a diagnosis of per acute Lawsonia 
intracellularis should be considered.

HISTOPATH: Necrotic enteritis with complete 
loss of the mucosa.  Mucosal and sub mucosal 
abscessation, oedema of muscularis mucosa 
extending to the sub peritoneal surface (ie. 
Just before it is going to rupture).  Fibrin 
exudate is sometimes seen on the serosal 
surface and may contain plant material. The 
organisms are only visible with a special 
silver stain (Warthin-Starry stain) in the 
apex of the few remaining crypt epithelial 
cells.

CLINICAL SIGNS

PERACUTE:
Acute death within hours of first clinical 
signs may occur.  Weanlings have been 
found dead in the paddock after a single 
observation the evening before that it was 
“slightly listless”. Another weanling was 
photographed for a sales catalogue in the 
morning and was dead at 10 pm that night.  
The PM then often reveals a fibrinous 
peritonitis with free gut content in the 
abdominal cavity without an intestinal wall 
rent or hole. 

ACUTE
Pyrexia, listlessness, anorexia, tachycardia 
(>90/min) – may still be eating roughage.  
May or may not have diarrhea which may 
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be watery to cow pad.  The weanling 
develops injected mucous membranes that 
become toxic: deep red to purple lines 
above incisors.  Typical of what one would 
expect with endotoxaemia.  This is not 
surprising considering the histopathology.  
Subtle oedema develops; at first seen 
around lips (foal has his head hanging all 
the time), then at the mandibular angle, 
sheath, ventral abdomen/chest and legs.  
At this stage the oedema is definitely not 
“subtle” any more and may be 1 to 2 cm 
thick on the ventral chest.

CHRONIC/RECOVERING
Weight loss, muscle mass loss – most 
obvious along the back.  Pot belly, poor hair 
coat, continuous and profound oedema, 
good appetite for both roughage and 
concentrate food. Normalising or normal 
manure.  Improving mucous membrane 
colour.  Progression of recovery can take 
2 to 4 weeks before you become confidant 
that foal will survive.

CLIN.PATH/LABORATORY 
RESULTS
TOTAL SERUM PROTEIN 
(TSP): ALBUMIN + 
GLOBULIN

As this is protein loosing enteropathy. Low 
TSP (panhypoproteinaemia) and specifically, 
as well as historically, low albumin values 
are diagnostic.  One would expect albumin 
to “leak” first as it is the smaller molecule.  
I find that TSP is diagnostic as both albumin 
and globulin values are equally low. 

Early detection of a drop in values and can 
be used at the initial visit.  This increases 
the index of suspicion for a diagnosis of 
Lawsonia.  Low values are measured from 
the outset.  Lower values will be measured 
as the disease progresses.  The dramatically 
low levels must be interpreted with caution 
especially after the animal has been treated 
with colloid intravenous fluids.  These will 
decrease the laboratory values for TSP.  

TSP values are low: values below 30g/l 
are common and may drop to below 20g/l.  
Albumin is usually below 20g/l and may go 
as low as 10g/l.  Globulin levels are also 
affected and can drop quite dramatically: 
usually below 18g/l and as low as 5g/l.  ALL 
protein fractions are lost as the disease 
progresses.  Because TSP levels are 

dramatically low, is it possible to use a 
refractometer and do an “in paddock” test for 
hypoproteinaemia?   Bleed a group of foals 
into serum tubes, wait for blood to separate, 
use a drop of serum on a refactometer to 
get an indication of protein levels.  I have 
not done this and do not know if it would 
be helpful.  The reason for wanting to check 
normal looking foals/weanlings, is that on 
serological examination more animals are 
exposed than become clinically ill.  A large 
group of sub clinical cases exists. 

Other parameters are non specific: increased 
white cell counts, neutrophilia with or 
without a left shift, mild BUN and creatinine 
increases(azotaemia), mild elevation of liver 
enzymes are all common but not necessarily 
diagnostic.

SPECIFIC TESTS:
SEROLOGY:   confirms anti bodies to L. 
intracellularis. Test is quick and relatively 
cheap.  Titres above 1:30 are considered 
positive.  These horses have been exposed.  
In sampling a herd of weanlings during 
the month of June (two months after 
an outbreak on the stud), 22/25 were 
positive (>1:30).  Of these only 3 had had 
clinical disease necessitating treatment in 
the months before the serology was done.  
The other 19 were never considered to have 
been ill or even “slightly listless”.

In a separate sampling of an entire stud 
farm: foals (ranging from 4 weeks to 10 
weeks old), mares and yearlings, and no 
active disease, 3/31 mares had positive 
titres and a further 3 had “suspicious” 
levels.  No foal had sero-converted yet.  It 
is unclear if these mares act as carriers 
ie. harbouring Lawsonia intracellularis, or 
have merely been exposed at some stage 
and have built up an immunity. This stud 
did have a few Lawsonia cases in the 
previous 12 months. Are the majority of 
sero-negative mares unexposed? Or were 
they exposed at an earlier date and are now 
sero-negative again?  (There is much scope 
for further research).

PCR on faecal materi al (Polymerase Chain 
Reaction):  high specificity but low sensitivity 
with false negatives a possibility.  Not all 
foals shed L.intracellularis  DNA in their 
faeces despite having the infection.

ULTRASOUND SCAN-Thickened bowel loops:  
no personal experience with this. Makes 
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sense once you have seen a post mortem 
of this disease.  Bowel walls, jejunum 
and ileum severely thickened: >4-5mm 
intestinal wall thickness is significant.

TREATMENT

ANTIBIOTICS:
Macrolide antibiotics:  
Erythromycin estolate 25mg/kg po tid 
together with rifampin 5mg/kg po bid for 
a minimum of three weeks-preferably 5/6 
weeks has been the mainstay of treatment. 
(Same treatment as for Rhodococcus).

Above treatment is not practical: difficult to 
find erythromycin estolate in tabs/caps at a 
concentration greater than 250mg.  (150kg 
weanling needs 15 capsules 3x/day and that 
for weeks on end).

Erythromycin stearate is available up to 
600mg per capsule.  The stearate absorption 
is delayed by food in humans in comparison 
to the estolate form of the drug3.    Because 
of the lower absorption of stearate its use 
should not be encouraged.

Eythromycin may cause diarrhea, which the 
foal may already have.

Erythromycin may also cause idiosyncratic 
hyperthermia during hot weather, which it 
normally is when this disease is prevalent 
(February/March).

Clarithromycin: 
To avoid above complications and practical 
irritations, clarithromycin can be used: 
7,5mg/kg po bid.  It is available in 500mg 
tabs.  Clarithromycin is an erythromycin 
analogue, has better acid stability and 
a much greater tissue distribution than 
erythromycin. 

Need only 2 to 2.5 x 500mg tabs bid which 
can be given with rifampin (also bid).  

Azithromycin:
10 mg/kg po sid for 3 days then every other 
day-EOD.  This is even less labour intensive 
but is expensive and EOD treatment may be 
unreliable on many studfarms.

Rifampin:
Rifampin is given in combination with a 
macrolide antibiotic ( erythromycin estolate 
or clarithromycin).  Rifampin is a potent 
antibiotic with excellent intra cellular activity.  

Rifampin is also a potent hepatic enzyme 
inducer and may accelerate the metabolism 
of erythromycin or clarithromycin to such a 
degree, that inadequate serum levels are 
present4 for them to be effective.   This 
fact is also stated on the package insert of 
clarithromycin.  No idea if this is the case 
in horses.   I also do not know how the low 
albumin levels influence the plasma levels 
and distribution of the antibiotics.

Standard anti microbial treatment in my 
practice: rifampin 5m/kg po bid together 
with clarithromycin 7.5mg/kg po bid.

I will attempt treatment in future with 
only clarithromycin at 7.5mg/kg po bid.  
There are reports that foals recover on 
erythromycin alone without rifampin.  There 
is no reason to believe clarithromycin, with 
its better stability and tissue penetration, 
will not be as effective or better than 
erythromycin.

Other antibiotics described in the literature 
that are effective: metronidazole (Flagyl), 
chloramphenicol, ampicillin, oxytetracycline 
and doxycycline.  Be aware that the 
tetracyclines can cause a severe colitis with 
diarrhea further exacerbating the disease.  
They also bind soluble calcium and may 
cause the foal to collapse.

SUPPORTIVE TREATMENT:

IV fluids:
Dehydration is not an important aspect 
of the disease as diarrhea is not always 
profound.  Crystalloid fluids like Ringers can 
be used if needed.

IV colloid solutions:
Starch or hydroxyl ethyl starch – HES - 
(“Voluven” 500ml) are the mainstay of 
supportive treatment.  They maintain colloid 
pressure and prevent further leakage of 
protein through the intestinal wall.  These 
fluids remain in the vascular space for a 
number of days.  In severe cases I have 
repeated treatment of 1 litre IV “Voluven” 
every 2 to 3 days.

Be aware that plasma protein level 
measurements post colloid solution 
administration may be significantly 
decreased5.  Some of the dramatic low 
values are probably due to the previous 
administration of these fluids.
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All human hospitals will have a supply of 
“Voluven”.  I buy mine from the Hospital 
pharmacy at approximately R300.00 per 
500ml bag (2008 prices).  Add your normal 
mark up and administer through a high 
volume/capacity fluid set and a 18 gauge IV 
catheter.  Let it run in as fast as it will go.  
3 treatments will use up 6 bags: R1800.00.  
Add 50% mark up:  R2700.00.  Include 
IV catheters and your professional time: R 
3500.00 plus for the fluids alone.  They are 
life saving and will stop a deteriorating foal 
from getting worse or dying.

Anti inflammatory treatment
NSAID:  

Flunixin meglumine (Finadyne):  Reduces 
the fever, makes the foals more comfortable 
and their appetite improves.  I have 
used 0.3mg/kg bid IV (0,75 – 1ml of the 
50mg/1ml solution) over a period of a few 
days.  There are reports that flunixin slows 
the regeneration of damaged intestinal 
mucosa in horses.  

Meloxicam in injectable form (not yet 
available in SA) may be a better choice 
as it has been shown not to interfere with 
intestinal regeneration post strangulation 
injury of the intestine6.  

Cortisone:
Predisolone :  empirical dose: 3ml (30mg) 
IM once, maybe twice.

Dexamethasone: empirical dose of 1ml 
(2mg) IM, again once maybe twice.

Anti-ulcer treatment:
Omeprazole (compounded by Vet Tech 
Veterinary Solutions).  May or may not be 
necessary.  I do this if the foal has been 
ill for a week or longer and may be under 
“stress”.

PROGNOSIS

The prognosis is generally good.  Foals with 
obvious disease and moderate to severe 
pan-hypoproteinaemia need intensive 
treatment.  It takes 2 to 4 weeks before 
any obvious clinical improvement is noted.  
Some foals will die due the damage of the 
intestinal wall having progressed so far 
that leakage of intestinal content occurs, 
resulting in endotoxaemia and acute death.  

If they pick up a secondary infection, the 

prognosis definitely becomes grave.  I 
have had a few cases in which the foals 
showed symptoms of Equine Encephalosis:  
icterus, mild ataxia and renewed episodes 
of pyrexia while being treated for Lawsonia.  
These cases invariably died or had to be 
euthanased.

The disease has a high morbitity rate: 22/25 
sero positive, a moderate clinical rate and a 
low mortality rate.

PREVENTION / 
VACCINATION

The disease seems to be widespread.  The 
role of birds and other animals spreading 
the disease is unknown.  They may be a 
source of the bacterium (PE occurs in a 
wide spectrum of animals).  Until more is 
known about the transmission and source 
of the infection, it may be prudent to stay 
away from piggeries.  Discourage staff from 
moving between a pig farm and a stud.

Vaccination:
Pigs are being vaccinated with an avirulant 
live vaccine administered orally. 
 “Enterisol Ileitis” made  by Boehringer 
Ingelheim.
The same vaccine can be used in horses: 
20ml (10x the pig dose) orally repeated in 
14 days.  The manufacturer (Boehringer 
Ingelheim) has vaccinated 12 foals between 
the ages of 4 and 12 weeks without any side 
effects.   A safety study by them has shown 
that a100x over dose is safe.  No efficacy 
studies have been done.  Boehringer is 
not developing this vaccine any further 
for horses as the disease is not perceived 
by them to be a major problem in this 
specie7. 
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Rhodococcus equi: Ecology, 
epidemiology and 
treatment options

James R Gilkerson

Ecological and epidemiological studies in 
Australia have changed our understanding 
of disease caused by Rhodococcus equi and 
how these bacteria are spread within the 
foal population. R. equi are a significant 
cause of mortality and economic loss in 
the Australian horse breeding industry. A 
recent study found approximately 12.9% 
of thoroughbred foals were treated for 
rhodococcal pneumonia, with a case fatality 
rate of 6.3% (authors unpublished results). 
The incidence, prevalence and severity of 
R. equi pneumonia varies on endemic farms 
between seasons. Farm characteristics 
such as large population with high foal 
density, large farm size and high proportion 
of transient mares have been associated 
with increased incidence and prevalence of 
rhodococcal pneumonia. 

R. equi is a soil inhabitant that survives 
and multiplies in the equine gastrointestinal 
tract, thriving on the volatile fatty acids 
found in horse faeces. Virulent strains 
of R. equi possess an extrachromosomal 
virulence-associated plasmid which codes 
for several virulence associated proteins, 
particularly Vap A.

Excretion of both virulent and avirulent R. 
equi in faeces is an important source of 
contamination of the soil on horse farms. 
Foals shed much higher concentrations of 
R. equi than mares.  Faecal excretion of R. 
equi in healthy foals peaks between 3 and 
12 weeks of age and up to 80% of these 
R. equi may be virulent. Thus, it has been 
thought that the faeces of foals was the 
most important source of contamination of 
farms with virulent R. equi and that removal 
of faeces was a useful tool for reducing 
environmental burdens. Unfortunately, the 
level of virulent R. equi in the soil alone 
is not an accurate predictor of disease 
prevalence or disease risk, so the faecal-
oral cycle of R. equi transmission probably 
has limited influence on the occurrence of 

disease when the virulent organisms remain 
soil-bound and are not aerosolised and 
inhaled.

Inhalation of aerosolised bacteria associated 
with dust has been described as the major 
route of pulmonary infection in foals. The 
prevalence and incidence of rhodococcal 
pneumonia is associated with the airborne 
virulent R. equi burden and the age of the 
foal when sampled. Environmental factors, 
including low soil moisture, sparse pasture 
cover and high ambient temperature aid in 
the aerosolisation of virulent R. equi from 
soil. Previously, specific sites on farms, 
such as stables, have been implicated as 
significant sources of respiratory infection 
with R. equi. 

On Australian farms, the yards used for 
veterinary work and the dry and dusty 
laneways between the paddocks and 
the yards had approximately double the 
concentration of airborne virulent R. equi 
compared to grass covered paddocks used 
for grazing. In Ireland, where pasture cover 
and soil moisture were both high, the 
stable/barn was the site where significant 
virulent R. equi aerosol challenge was 
likely to occur. The frequency of detecting 
airborne virulent R. equi in the stables was 
significantly greater than in the paddocks 
(odds ratio 17.3) on endemically affected 
farms. These findings support the anecdotal 
and experimental evidence that inhalation 
of virulent R. equi is the main route of 
pulmonary infection of the foal and indicate 
that the size of the airborne virulent R. 
equi challenge influences the likelihood of 
disease. 

Virulent R. equi, an intracellular pathogen 
of the equine lower respiratory tract, has 
been detected in the exhaled breath of 
foals with and without overt clinical signs of 
rhodococcal bronchopneumonia, suggesting 
a contagious epidemiology. Air samples 
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were collected in yards before, during and 
after mustering. The concentrations and 
proportion of virulent R. equi in the air 
samples collected from the respiratory zone 
of foals after the dust had settled were 
significantly higher than levels of virulent R. 
equi detected during or before mustering. 
These findings suggested that foal-to-
foal transmission of virulent R. equi could 
occur and may be a route of transmission, 
despite management strategies designed to 
reduce aerosol burdens from inhalation of 
contaminated dust.  

Management strategies that reduce exposure 
of foals to aerosolised virulent R. equi are 
the key to reducing the risk of disease. In 
Australia, irrigation of yards and lanes prior 
to mustering was found to significantly 
reduce the aerosolisation of virulent R. 
equi from soil. We recommend that areas 
with soil of low water-holding capacity 
(sandy areas) and poor pasture cover not 
be used for mares and foals, as these 
factors increase the risk of aerosolisation of 
the organism. Keeping large mobs of foals 
confined in yards, pens or small paddocks 
for prolonged periods will also result in 
highly trafficked, dusty environments with 
higher concentrations of soil-derived virulent 
R. equi in the foal’s breath. This practice 
also increases the potential for possible 
respiratory transmission of virulent R. equi 
to susceptible foals. 
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Effects of dietary oils on the 
development of gastric ulcers 

in mares
Frank M. Andrews

Potential antiulcerogenic dietary factors 
have been examined in two studies to date. 
In the first, higher gastric juice pH values 
and lower nonglandular (NG) ulcer number 
and severity scores were detected when 
the same horses were fed a combination of 
alfalfa hay and grain instead of bromegrass 
hay alone. Results suggested that higher 
concentrations of calcium and protein in 
alfalfa hay buffered acid produced within 
the stomach and therefore inhibited NG 
ulcer formation. In a second study, gastric 
acid production significantly decreased 
when corn oil (CO) was administered by 
dose syringe to ponies fitted with gastric 
cannulas. Ponies were not evaluated for 
gastric ulcers, but in vitro studies have 
demonstrated that gastric mucosal injury 
is less likely if the environment is more 
alkaline.   

Rice bran oil is extracted from the pericarp 
and germ of rice (Oryza sativa) seeds and 
can be found in both refined and crude 
forms. Refined rice bran oil (RR) has the 
same fatty acid profile as crude rice bran 
oil (CR), but the unsaponifiable fraction that 
contains phytosterols has been removed.  Of 
the phytosterols contained in CR, γ-oryzanol 
has received the most attention because 
of its cholesterol-lowering properties.  Rice 
bran oil has also been reported to possess 
antiulcerogenic properties as long as it is 
stored appropriately to avoid rancidity. Rats 
fed rice bran oil for 4 days had significantly 
lower gastric ulcer index values after being 
stressed, when compared with untreated 
controls. 

In this study evaluated whether CO, RR, 
or CR could prevent non-glandular gastric 
ulcers.  We hypothesized that addition of 
dietary oils to the diet would significantly 
decrease gastric juice volatile fatty acid 
(VFA) concentrations, increase the pH within 
the stomach, and prevent gastric ulcers. 

Materials and Methods

Eight healthy mares of mixed breed and 
Quarter Horse body type were selected for 
use in the study.  Median age was 9 years 
(range, 5 to 17 years) and median body 
weight at the beginning of the study was 
433 kg (range, 368 to 494 kg). Each mare 
was housed in its own 12 x 12 ft stall for 10 
d prior to, and during treatment periods. 

The eight mares were randomly paired and 
allocated to 4 treatment groups.  A 4 x 4 
Latin square randomized crossover design 
was employed, with four 6-wk treatment 
periods, divided by three 5-wk washout 
intervals (39 wk total).  Six-wk treatment 
periods were divided into 5 wk spent on 
experimental diets and feeding regimen 
that was designed to be ulcerogenic, 
followed by 7 d when mares were deprived 
of feed for 24 h (96 h in total) or fed as 
normal on alternating days (intermittent 
feed deprivation period). Washout intervals 
lasted 35 d (5 wk) in total and consisted of 
mares being turned out on pasture for 25 d, 
followed by 10 d when mares were returned 
to their stalls. Grass hay was available for 
ad libitum consumption at both locations 
during washout intervals.  Omeprazolea 
(2.28 g, PO, q 24 h) was administered for 
14 d before each treatment period with the 
aim of starting with low or zero gastric ulcer 
scores.  

Treatments consisted of 240 ml of water 
(W), CO,b RR,c or CR.d Water or oil was 
mixed with the morning grain meal and 
mares were observed to ensure that all of 
the oil and feed was consumed.  Treatments 
were administered orally via dose syringe on 
days when feed was withheld.  Endoscopic 
examinations were performed before (wk 
0) and 5 wk after mares were placed on 
diet and feeding regimen designed to be 
ulcerogenic.  An endoscopic examination 
was also performed after 7 d of intermittent 
feed deprivation (wk 6). Gastric fluid was 
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collected at wk 0 and 5.  Mares were 
observed daily and body weights were 
measured at wk 0 and 5 of each treatment 
period.  

A base diet was formulated with the aim of 
inducing gastric ulcers and mares remained 
on this diet for the first 5 wk of every 
treatment period.  Mares were gradually 
introduced to the diet over the first 7 d of 
each treatment period by feeding 25% of 
the grain ration for 2 d, 50% for 2 d, and 
then 75% for 2d.  The diet was formulated 
to provide 1.5 times the digestible energy 
(DE) requirement for maintenance.   Of this 
requirement, the majority of calories were 
supplied by feeding graine at 1% (by weight) 
of body weight (bwt) with the balance met 
by feeding grass hay.  Amounts of feed were 
calculated on the basis of bwt measured at 
the beginning of each treatment period and 
DE content of feeds, which was determined 
by independent analysis.f  Housing and 
feeding practices were also adjusted with 
the aim of inducing gastric ulcers. Mares 
were confined to stalls and fed their total 
daily amount of grain as a single meal in the 
morning one hour before hay was fed. The 
daily allowance of hay was divided equally 
between morning and evening feedings. 

An endoscopic examination of the stomach 
was performed on each mare, using a 3.4-m 
video endoscope.h To enable observation 
of the NG squamous mucosa (fundus 
ventriculi), margo plicatus, and glandular 
mucosa (corpus ventriculi), the stomach 
was insufflated with air, and the mucosa 
was rinsed with tap water flushed through 
the endoscope biopsy channel.  Number (0 
to 4 scale) and severity (0 to 5 scale) of 
gastric lesions were scored in accordance 
with an equine gastric lesion scoring system 
by a researcher (FMA) who was unaware 
of the diet each mare was being fed. 
At the beginning and end of each 5-wk 
treatment period, mares were fed at 3 
PM the day before and then all feed was 
removed from stalls at 5 PM the night 
before endoscopic examinations and gastric 
juice collections were performed.  Water 
remained available for ad libitum intake. 
Procedures were performed in the morning 
between 7:30 AM and 9:30 AM after mares 
were deprived of feed overnight. Week 6 
endoscopic examinations were performed at 
the end of the third 24-hour period of feed 
deprivation.

Approximately 100 ml gastric juice was 
withdrawn via the biopsy channel of the 
endoscope with suction and collected into a 
glass flask. Gastric juice was collected from 
mares at the beginning and end of each 
5-wk treatment period.

Analysis of gastric fluid

The pH of gastric juice was measured, 
using a pH electrode, and then the fluid 
was immediately transferred to pre-cooled 
plastic tubes.  Tubes were transported 
to the laboratory on ice and then stored 
frozen at -20 C.  Concentrations of volatile 
fatty acids (VFA; acetic, propionic, butyric, 
isobutyric, valeric, and isovaleric acids) 
were subsequently measured in aliquots of 
gastric juice. Values were obtained by use 
of a gas chromatography method described 
by Playne and modified by Mathew et 
al. Reported VFA concentrations are from 
gastric fluid collected approximately 15 
h post-feeding. Lactic acid concentrations 
were not measured here, because in one 
author’s experience (FMA) concentrations 
of this VFA are too low to be detected in 
gastric juice collected from horses that are 
deprived of feed overnight. 

Body weight data were non-normally 
distributed and were therefore compared 
between 0 and 5 wk using the Wilcoxon 
signed rank test. Gastric fluid pH, VFA 
concentrations, and gastric ulcer scores 
were compared between groups by analysis 
of variance for repeated measures using the 
mixed procedure of SAS.j Effects of time, 
block, and treatment were examined.  Where 
significant main effects were detected, least 
squares means were compared using the 
Bonferroni test. 

Results

Median body weight significantly increased 
by a median of 29 kg (range, 10 to 50 kg) 
overall, with median increases of 25, 29, 31, 
and 30 kg detected for W, CO, RR, and CR 
treatment groups, respectively. However, 
there were no significant differences 
between treatment groups.  Grain and 
grass hay contained 3.56 (median, range 
3.56 to 3.63) and 1.86 (median, range 1.80 
to 1.96) Mcal of DE as-fed/kg, respectively.  
When fed at 1% bwt, 3.7 to 5.1 kg grain 
was fed to each mare per day.  

Mean + SE gastric juice pH significantly 
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decreased over 5 wk (Table 1), but 
differences between treatment groups 
were not identified (Figure 1). Mean + SE 
total VFA, acetic acid, and isobutyric acid 
concentrations significantly decreased over 5 
wk (Tables 1 and 2), but VFA concentrations 
did not differ between treatment groups. 
Volatile fatty acid concentrations were also 
influenced by block because concentrations 
rose over 5 wk during the third block.

Percent VFA composition of gastric juice did 
not vary significantly with time or treatment.  
Gastric juice VFAs were composed of 85.0% 
acetic acid, 8.6% propionic acid, 2.2% 
butyric acid, 2.2% isobutyric acid, and 
2.1% isovaleric acid. Valeric acid was only 
detectable in one gastric juice sample. 
Significant block x time effects were 
also detected. Gastric juice pH and VFA 
concentrations decreased over 5 wk in 
blocks 1, 2, and 4, but increased in third 
block. 

Significantly higher NG ulcer severity scores 
were detected (P < 0.01) after 5 wk in 
mares that consumed experimental diets 
(Table 1), but the number or severity of NG 
ulcers did not differ significantly between 
treatment groups (Figures 2 and 3).  After 
7 d of intermittent feeding, the number and 
severity NG ulcer scores were significantly 
(P < 0.01) higher than wk 5 and baseline 
values (Table 1), but these scores also 
remained unaffected by treatment (Figures 
2 and 3). Glandular mucosal ulcers were 
only detected on four occasions during the 
study.  A single grade 1 glandular mucosal 
ulcer was detected in 2 mares at wk 0, and 
one of the mares treated with RR developed 
a grade 2 glandular mucosal ulcer that was 
first detected at wk 5, and then observed 
again at wk 6.

Discussion

Mares were confined in stalls, placed on a 
high-grain diet, and fed grain before hay 
in order to mimic husbandry practices used 
in many show barns and racing stables.  
These practices were selected because show 
horses and racehorses are at highest risk for 
developing gastric ulcers. We also postulated 
that a high-grain diet would induce gastric 
ulcers by raising VFA concentrations within 
the stomach.  Higher VFA concentrations 
have been detected in gastric juice collected 
from horses fed a combination of grain 
and alfalfa hay compared to bromegrass 

hay alone, although both feeds may have 
contributed to this effect.  As a consequence 
of these dietary manipulations, all of the 
mares in this study gained weight over 5 
wk because caloric intake exceeded energy 
demand.  Mares supplemented with oils 
received approximately 1.6 Mcal additional 
DE per day and gained more weight 
than those that received water, although 
differences were not statistically significant.  

Addition of grain to the diet significantly 
lowered gastric juice pH at 15 h post-feeding 
in this study, but supplementation with 
dietary oils did not affect this response. In a 
previous study, ponies treated with 45 ml CO 
orally per day for 5 wk showed a significant 
reduction in gastric acid production, but 
grass hay was the only feed provided during 
both control and treatment periods.  Grain 
may therefore exert an effect on gastric 
pH that cannot be attenuated by dietary 
oils.  Further studies are required to assess 
whether dietary oils exhibit antiulcerogenic 
properties if they are administered at higher 
dosages or at a higher frequency.  Multiple 
samples should also be collected in future 
studies, because gastric pH fluctuates widely 
throughout the day.

An alternative explanation for the reduction 
in gastric juice pH with time is that wk 0 pH 
values were elevated because omeprazole 
was administered for 14 d prior to testing.  
It has previously been demonstrated that 
gastric acid production decreases and 
gastric juice pH increases above 5.0 when 
omeprazole is administered to horses.  
Omeprazole may therefore have influenced 
wk 0 gastric juice pH values in this study.  
A gastric juice pH of 4.9 was detected 
approximately 24 h after the last dose of 
omeprazole, which is much higher than the 
pH of 2.0 detected in gastric juice collected 
from feed-deprived horses in a previous 
study. 

Volatile fatty acid concentrations in gastric 
juice collected approximately 15 h post-
feeding compared favorably with 12 h and 
24 h post-feeding concentrations measured 
in a previous study. In that study, acetic acid 
comprised 78% of gastric VFA and was found 
at concentrations less than 5 mmol/L when 
sampled 12h after feeding.  When gastric 
juice was collected from horses euthanized 
shortly after consuming grass hay, acetic 
acid represented 88% of measured VFA and 
a maximum concentration of 16.23 mmol/L 

SAEVA Proceedings.indd   74 2/11/09   11:44:51 AM



75

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

was detected.  In contrast, acetic acid 
comprised 85% of gastric VFA in our study 
and ranged in concentration from 0.43 to 
2.95 mmol/L.  Acetic, propionic, butyric, 
and valeric acids have been implicated 
in the pathogenesis of NG gastric ulcers. 
Gastric mucosa maintained at a pH less 
than or equal to 4 sustains more damage if 
it is exposed to higher VFA concentrations.,  
Gastric juice VFA concentrations were low 
at the time of sampling and did not differ 
significantly between treatment groups.  

However, significantly lower total, acetic, 
and isobutyric acid concentrations were 
detected after 5 wk, which suggests that 
switching mares to a diet containing grain 
lowered gastric VFA concentrations.  This is 
the opposite finding to the one anticipated, 
but the 15 h post-feeding sampling time 
must be considered when interpreting 
results.  Feeding grain may have markedly 
raised gastric VFA concentrations in the 
hours immediately following feeding, yet 
this increase may have gone undetected 
since samples were collected 15 h later.  

Attempts were made to collect gastric juice 
in the postprandial period, but ingesta 
blocked passage of the endoscope into the 
ventral stomach.  This limitation significantly 
restricts assessment of the effects of diet 
on gastric juice VFA concentrations in this 
study.  Grain was expected to raise gastric 
juice VFA concentrations because this feed 
is rich in nonfiber carbohydrates (NFC) 
including sugars and starches that are readily 
digestible. Sweet feeds contain as much as 
57.8% NFC on a DM basis, compared with 
20.7% in alfalfa pellets. Alternative methods 
of extracting gastric juice must be used in 
the future if postprandial gastric juice VFA 
concentrations are to be assessed.  

Gastric juice pH and VFA concentrations 
were both influenced by block in this study, 
but an explanation for these discrepancies 
is not apparent.  Nutrient composition of 
feeds may have influenced results, but 
pH values and VFA concentrations did not 
vary according to changes in nutrient or 
DE levels.  Substitution of one mare for 
another was also discounted as a source 
of variability because this event occurred 
during the first washout interval. 

Nonglandular ulcer severity scores 
significantly increased after 5 wk on a 
regimen that consisted of an increase in 

caloric intake, consumption of grain at 1% 
of bwt, feeding of grain before hay, and stall 
confinement.  Stall confinement has been 
incorporated into experimental models in 
the past. Confinement increases stress and 
alters eating behavior, which raises gastric 
acidity.  However, mares in our study seemed 
to adapt quickly to stall confinement, so 
the amount of stress experienced was 
lower than intended.  Mares in this study 
most closely resembled Quarter Horses and 
were generally quiet when provided with 
sufficient feed.  Our experimental model may 
therefore be improved by selecting younger 
horses of a more nervous temperament, or 
by conducting the study in a more stressful 
environment such as the racetrack.  

The order in which feeds were provided was 
also reversed in our experimental model, 
with the aim of inducing gastric ulcers.  
Feeding hay prior to grain is commonly 
recommended as a strategy to inhibit gastric 
ulcers by introducing a feed substrate that 
buffers acid. However, only the severity of 
gastric ulcers increased during this phase 
of the model.  Number score did not 
increase significantly and few glandular 
ulcers developed.  This phase of the model 
might therefore be improved by selecting 
different subjects, housing horses in a more 
stressful environment, and eliminating the 
afternoon feeding in order to create a daily 
feed deprivation period.  Response to this 
model should also be evaluated in horses of 
different sex because it has been suggested 
geldings are more likely to develop gastric 
ulcers. 

A 5-wk washout interval was selected for 
this study to avoid potential carryover 
effects.  Fatty acids are incorporated into 
cell membranes, and several weeks may 
be necessary to allow the composition of 
membranes to adjust to a new diet.  Mares 
were also returned to pasture during the 
washout interval because this measure is 
recommended to promote ulcer healing.  
Omeprazole was also administered to mares 
for the last 14 d of the washout interval 
with aim of reducing ulcer scores.  These 
measures were successful in reducing mean 
number and severity ulcer scores to less 
than 1 by the beginning of each treatment 
period.

Intermittent feed deprivation has been 
previously used to induce ulcer formation in 
the NG squamous mucosa of the stomach. 

SAEVA Proceedings.indd   75 2/11/09   11:44:51 AM



76

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

The procedure used in this study was 
first described by Murray and Eichorn and 
involves 96 h of feed deprivation in total.  
Feed deprivation significantly increased 
both the number and severity of NG gastric 
ulcers, with number scores of 4 recorded for 
several mares.  A more acidic environment 
is created within the stomach during feed 
deprivation because less bicarbonate-rich 
saliva and feed enters the stomach to buffer 
acid. Increased acidity promotes gastric 
ulcer development. 

Supplementation with 240 ml CO, RR, 
or CR (approximately 0.5 to 0.6 ml/kg 
body weight) did not significantly alter the 
development of gastric ulcers in this study, 
so our hypothesis was rejected.  These 
findings contrast with results of a recent 

study in which ponies fitted with gastric 
cannulas exhibited a significant reduction in 
acid output when supplemented with 45 ml 
CO per day (approximately 0.3 to 0.4 ml/kg 
body weight). Further studies are therefore 
required to determine whether dietary oils 
inhibit gastric ulcer formation in horses 
under different conditions.  For instance, 
dietary oils may have to be administered 
more frequently in order to prevent gastric 
ulcers from developing in horses that are 
being evaluated using an experimental 
model.

In conclusion, gastric ulcers were induced 
using the model developed for this study, 
but further modifications are required to 
increase the number of ulcers created 
during the first phase. Supplementation 

Variable     Time (wk)
    0  5  6

Gastric juice pH   4.9 ± 0.4a  3.1 ± 0.3b  –

Total VFA concentration (mmol/L) 1.50 ± 0.13a 1.12 ± 0.10b  –

Nonglandular ulcer score 0.8 ± 0.2a  1.3 ± 0.2a  3.0 ± 0.2b
Number    0.4 ± 0.1a  1.2 ± 0.2b   2.6 ± 0.2c
Severity

Volatile fatty acid    Treatment
          W          CO          RR          CR

Acetic (mmol/L)*
     Baseline 1.38 ± 0.25 1.19 ± 0.28 1.25 ± 0.19 1.20 ± 0.13
     5 wk  1.00 ± 0.17 1.12 ± 0.27 0.89 ± 0.08 0.80 ± 0.12
     Difference -0.38 ± 0.31 -0.07 ± 0.19 -0.36 ± 0.25 -0.41 ± 0.16

Propionic (mmol/L)
     Baseline 0.16 ± 0.04 0.13 ± 0.04 0.15 ± 0.05 0.12 ± 0.02
     5 wk  0.10 ± 0.03 0.15 ± 0.06 0.08 ± 0.01 0.09 ± 0.03
     Difference -0.06 ± 0.05 0.02 ± 0.03 -0.07 ± 0.05 -0.03 ± 0.02

Isobutyric (mmol/L)*
     Baseline 0.04 ± 0.01 0.04 ± 0.01 0.02 ± 0.01 0.03 ± 0.00
     5 wk  0.03 ± 0.00 0.03 ± 0.01 0.02 ± 0.00 0.02 ± 0.00
     Difference -0.01 ± 0.01 0.00 ± 0.01 0.00 ± 0.01 -0.01 ± 0.01

Butyric (mmol/L)
     Baseline 0.04 ± 0.01 0.05 ± 0.01 0.02 ± 0.00 0.04 ± 0.01
     5 wk  0.03 ± 0.01 0.04 ± 0.02 0.02 ± 0.01 0.02 ± 0.01
     Difference -0.01 ± 0.02 0.00 ± 0.01 0.00 ± 0.01 -0.02 ± 0.01

Isovaleric (mmol/L)
     Baseline 0.04 ± 0.01 0.03 ± 0.01 0.02 ± 0.00 0.03 ± 0.01
     5 wk  0.03 ± 0.00 0.03 ± 0.01 0.02 ± 0.00 0.02 ± 0.01
     Difference -0.01 ± 0.01 0.00 ± 0.01 0.00 ± 0.01 -0.01 ± 0.01

Table 2.  Mean + SE volatile fatty acid concentrations in gastric fluid collected 
via endoscope approximately 15 h post-feeding in 8 mares that were placed on 
a base diet plus 240 ml of water (W), corn oil (CO), refined rice bran oil (RR), 
or crude rice bran oil (CR) per day for 5 weeks.  Time and period x time effects 
were significant for acetic and isobutyric acid concentrations. Valeric acid was 
only detectable in one sample.

Table 1. Mean + SE pH values and total volatile fatty acid (VFA) concentrations 
in gastric juice, and scores for gastric ulcers in the nonglandular portion of the 
stomach observed via endoscope in mares (n = 8) maintained on experimental 
diets for 5 wk, followed by a 7-day intermittent feeding period.
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A A Bwith CO, RR, and CR did not reduce the 
number or severity of NG gastric ulcers in 
this study.

*Within a treatment group, indicates a 
significant (P < 0.05) difference

Figure 1. Mean + SE pH in gastric juice 
collected from mares (n = 8) maintained 
on a base diet supplemented with 240 
ml of water (W), corn oil (CO), refined 
rice bran oil (RR), or crude rice bran 
oil (CR) per day for 5 wk.  Significant 
time and period x time effects were 
detected, but no significant differences 
were detected between treatment 
groups.

A,B Mean number scores for each week 
(across all treatment groups) with different 
letters differ significantly (P < 0.05)

Figure 2.  Mean + SE number scores for 
gastric ulcers in the nonglandular (NG) 
portion of the stomach observed via 
endoscope in mares (n = 8) maintained 
on a base diet supplemented with 240 
ml of water (W), corn oil (CO), refined 
rice bran oil (RR), or crude rice bran oil 
(CR) per day for 5 wk, followed by a 
7-day intermittent feeding period.  Mean 
number scores across all treatment 
groups were significantly (P < 0.01) 
higher at wk 6, when compared with 
wk 5 and baseline values.  Significant 
differences were not detected between 
treatment groups.

A,B,C Mean severity scores for each week 
(across all treatment groups) with different 
letters differ significantly (P < 0.05)

Figure 3.  Mean + SE severity scores 
for gastric ulcers in the nonglandular 
portion of the stomach observed via 
endoscope in mares (n = 8) maintained 
on a base diet supplemented with 240 
ml of water (W), corn oil (CO), refined 
rice bran oil (RR), or crude rice bran 
oil (CR) per day for 5 wk, followed 
by a 7-day intermittent feeding 
period.  Mean severity scores across 
all treatment groups were significantly 
(P < 0.01) higher at wk 5 and 6, when 
compared with baseline values, and 
increased significantly between wk 5 
and 6.  Significant differences were not 
detected between treatment groups.
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Collection and initial 
evaluation of stallion semen

(Fertility Evaluation of the Stallion)
AO McKinnon and EL Squires

Introduction

An artificial vagina (AV) is essential for 
collection of high quality semen from 
stallions (8,32), because stallions do not 
respond favorably to electro-ejaculation. 
Artificial insemination was conducted on 
a limited scale in parts of Europe in the 
late 1800’s, primarily to overcome fertility 
problems. However, collection of semen 
with an AV and artificial insemination (AI) 
of large numbers of mares began in Russia 
in the early 1900’s.

Prior to universal acceptance of the AV as 
the best method of obtaining stallion semen, 
several methods were used to recover semen 
after natural service such as, sponges placed 
in the vagina of the mare, semen aspirated 
from the vagina with a syringe and a length 
of rubber tubing, vaginal spoon, rubber bags 
placed into the vagina or condoms placed 
either on the stallion’s penis or inside the 
vagina. All of these techniques had minor 
to serious disadvantages. Those methods in 
which semen was retrieved from the vagina 
resulted in contamination of the ejaculate, 
thus poor quality semen. In addition, it 
was impossible to determine spermatozoal 
numbers per ejaculate. When condoms and 
rubber bags were used, it was difficult to 
properly position the collection apparatus; 
consequently, spillage of portions of the 
ejaculate was common.

By utilizing an AV, the entire ejaculate 
can be collected, which is essential if it 
is to be properly evaluated. The ideal 
situation is to collect an ejaculate of semen 
that is representative of the physiological 
condition of the stallion at the time of 
collection, considering that it requires 57 
days for a spermatozoon to be produced 
and approximately 8 additional days for that 
spermatozoon to traverse the epididymis 
and be available for ejaculation.

It appears that Milovanov in Russia and 
McKenzie in the USA were among the first 
to design AVs for the stallion based upon 

the principle of providing temperature and 
pressure regulation utilizing a water jacket. 
Berliner developed an AV for stallions and 
jacks known as the Mississippi Model. About 
the same time, McKenzie designed an AV for 
stallions known as the Missouri-USDA Model. 
A modification of this AV is now known 
as the Missouri Model artificial vagina. 
Meanwhile in Japan, Nishikawa developed a 
Japanese model AV similar to the Milovanov 
and Cambridge Models, although somewhat 
shorter in length and smaller in diameter. 
It has an aluminum case, a removable, 
reusable liner and a donut-shaped sponge 
that can be inserted in the end to increase 
pressure on the glans penis. The Japanese 
and Goetze Models appear to provide about 
the same results. However, the Goetze 
Model from Germany is even smaller in 
diameter than the model developed by 
Nishikawa. The Roanoke Model, a relatively 
recent development is even smaller than 
previously described models. An open-
ended AV was developed in Poland and is 
used there rather extensively as well as in 
some other European countries. This model 
permits the observation of the ejaculatory 
process, and allows collection of a seminal 
sample relatively free of bacteria. Further, 
only the sperm-rich fraction can be obtained, 
providing there is sufficient assistance, 
during the collection process.

The Milovanov and Cambridge Models were 
rather large and cumbersome, although 
modifications of the Cambridge Model are 
still being used to some extent. One other 
disadvantage of these and other models 
is that, without both an inner liner and 
combination liner and cone, there is the 
possibility of contaminating the semen with 
water during collection.

Descriptions and many of the advantages 
and disadvantages of the various models 
have been elucidated by Boyle and Yates 
and Whitacre.
In the late 1960’s, Pickett developed the 
Colorado Model AV that incorporated a 
combination liner and cone inside a water 
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jacket, formed by an inner liner inside a 
plastic casing. A plastic casing was used 
to aid in maintaining a stable temperature. 
Also, incorporated into the collection bottle 
was a filter system to remove the gel before 
it became incorporated into the ejaculate. 
The original filter was a modified in-line, 
pipe-line milk filter. 

Since then, numerous types of filters have 
been evaluated, even reusable stainless 
steel. Most recently, a filter was developed 
composed of nylon that retains the gel-
fraction, but significantly (P<0.05) fewer 
spermatozoa than the cotton filter originally 
used. In the 1980’s, an improved version of 
the Colorado Model AV, known as the CSU 
Model was developed in cooperation with 
Animal Reproduction Systems, Chino, CA.

As previously indicated, numerous models 
of AVs for collection of stallion semen 
have been described. It appears that many 
investigators collecting stallion semen have 
made “improvements” in existing models. 
Today, the two most commonly used AVs for 
collection of stallion semen in the USA are 
the CSU Model developed at Colorado State 
University and the Missouri Model.

The advantages of the CSU 
Model are as follows:

a) A combination liner and cone (liner) 
prevents the semen from being 
contaminated with water in the event 
of a leak in the water jacket, formed 
by the casing and inner liner.

b) Semen is protected from the 
environment during and after collection 
by an insulated cover that is placed 
over the anterior end of the AV casing 
and the collection bottle.

c) The casing is manufactured in various 
lengths, which allows the stallion to 
ejaculate into the tapered end of the 
liner, thus reducing the number of 
spermatozoa lost in the liner during 
collection. Further, there is less chance 
that spermatozoa will be exposed to an 
elevated temperature in the artificial 
vagina. Although, the latter does not 
appear to be a problem, providing the 
AV is properly prepared.

d) The rigidity of the plastic casing 
permits the collector more opportunity 
to manipulate the AV, which when 
properly done can provide additional 
stimulation for the stallion.

e) Maintains its temperature for an 
extended period during cold weather.

f) Appears to be preferred by many 
stallions.

g) Can be modified for stallions that have 
a longer than normal penis.

h) Can be disassembled and the 
combination liner and cone inverted 
for ease of cleaning.

The disadvantages of the 
CSU Model are:

This model AV has the disadvantage of 
being heavier than the Missouri Model, and 
is more difficult to assemble. For some 
people it simply too heavy.

The requirements of a 
satisfactory AV are:

A) Must elicit a favorable response 
from the stallion.

One of the most common complaints from 
stallion owners is, “My stallion does not like 
the artificial vagina.” Nevertheless, it is a 
rare stallion that cannot be trained to an 
AV, particularly if the collector is sensitive 
to the stallion’s likes and dislikes, and 
prepares and manipulates the AV to elicit 
maximum response from the stallion. Many 
stallions will show a preference for a specific 
temperature, type of liner, angle at which 2
the AV is held, etc. Further, many stallions 
like to have the AV pushed on them rather 
vigorously, while others prefer to come 
forward into the AV on their own volition. 

Individuals adept at collecting semen from 
stallions are acutely aware of how each 
stallion, under their management, “likes” 
the AV prepared and held or manipulated 
while being collected. Those that are not 
observant will not be good collectors. 
Fortunately, many stallions, particularly 
those with good sex-drive (libido), will 
ejaculate on an every-other-day schedule 
in spite of an insensitive collector. However, 
lack of sensitivity on the part of the collector 
is almost always responsible for a stallion 
developing bad habits such as:

a) numerous mounts before ejaculation,
b) reluctance to be collected (slow),
c) squealing while being collected, and
d) poor sexual behavior.
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Any one or a combination of poor collection 
procedures can eventually frustrate even 
the most cooperative stallion. If consistently 
frustrated, a stallion will exhibit one or more 
of the following:

a) savage mares,
b) become difficult to handle,
c) become aggressive toward people, bite, 

kick and eventually become mean, or 
impotent, and/or

d) become disinterested.

It is suspected that stallions that have 
become sufficiently frustrated with 
inadequate collection procedures will seek 
sexual relief by masturbation. Although 
masturbation appears to be normal for 
normal stallions, we believe that an increase 
in frequency of masturbation can occur 
due to poor collection techniques. This 
occurs when collectors have had limited 
experience and/or only with stallion(s) with 
such a high degree of sex-drive that they 
could and would tolerate a great deal of 
mismanagement. 

When a stallion is observed masturbating, 
do not use devices such as a stallion 
ring, brush or penile cage for prevention 
of masturbation even though a stallion 
becomes slow to sexual arousal or refuses 
to participate in the collection process. 
Treatment should consist of retraining. A 
collector whose “experience” is based only 
on a few stallions may not be adequate 
to manage a new stallion that does not 
conform to his or her expectations.

For ejaculation to occur in “normal” stallions, 
the glans penis must become engorged with 
blood. This is commonly called “belling,” 
“flowering,” “ballooning” or “saucering.” If 
pressure in the AV is excessive, “flowering” 
will be restricted, causing pain or discomfort. 
The stallion’s response will generally be to 
lift himself off the mare or phantom, thrust 
excessively, squeal, attempt to withdraw 
from the AV, dismount, and either eventually 
ejaculate or lose interest. Stallions with 
excellent sex-drive may tolerate poor 
collection practices for some time; how long 
varies with stallions. Eventually sex-drive 
of the most sexually aggressive stallion will 
diminish until retraining becomes necessary 
for ejaculation. It is extremely important 
for the collector to observe the stallion with 
an erection and adjust the internal pressure 
of the AV accordingly. When a new stallion 

is presented, the collector should observe 
the size of the stallion’s penis, remove the 
“cap” from the AV, place an arm inside and 
make a fist to force water out, adjusting 
the internal pressure to accommodate the 
stallion’s penis. 

Occasionally, stallion’s penis is so long, 
or becomes so engorged with blood that 
even the AV casing cannot accommodate 
the stallion without causing some pain or 
discomfort. In this case, the combination 
liner and cone is removed and a shortened 
cone is placed over the end of the AV. 
This allows the stallion’s penis to protrude 
through the AV casing into the “extended 
end,” i.e., extension. Thus, “flowering” can 
occur without pain to the stallion.

In cases where impotence has been induced 
by pain or dissatisfaction, retraining must 
be initiated, which is generally successful 
utilizing a modified AV. One must be cautious 
using the “extended” AV since there is 
only one layer of rubber, the inner liner, 
between the water and the stallion’s penis: 
any leakage in the rubberware will result 
in contamination of the semen with water, 
which damages the spermatozoa.

The length of the AV should be sufficient 
to accommodate the stallion’s penis, at 
maximum thrust, without his penis entering 
the tapered end of the combination liner and 
cone. This will permit the stallion to “flower” 
without pain or discomfort. However, if the 
AV casing and/or combination liner and 
cone are too long, considerable semen 
will adhere to the rubberware and be lost. 
Ideally, the AV casing and combination 
liner and cone should allow the stallion to 
ejaculate as close to the collection bottle 
or to the end of the AV casing as possible 
without risk of injury to the stallion. 

This degree of adjustment is obviously 
impossible when large numbers of stallions 
are collected with the same equipment. 
However, this could easily be done on a 
farm, since it is little or no problem to obtain 
a shortened AV casing and to shorten the 
combination liner and cone, accordingly. 
These adjustments are extremely important 
when every spermatozoon is needed to 
breed mares. It must be remembered that 
each stallion is an individual and must be 
treated as an individual. Fortunately, most 
stallions that develop bad habits can be 
retrained, but it is a costly, time-consuming 
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process.

B) Must maintain its temperature for at 
least 20 min regardless of environmental 
temperature.

Many stallions are collected in areas where 
environmental temperature is sufficiently low 
to be detrimental to spermatozoa. In these 
areas, it is sometimes difficult to maintain an 
internal temperature sufficiently high in the 
AV during the interval from filling the AV to 
the time required to stimulate the stallion to 
ejaculate. Furthermore, this interval tends 
to be longer early in the breeding season 
when the stallion’s sex-drive is lower, and 
generally, this is also when the weather 
is coldest. It is extremely important that 
everything be ready, particularly the AV, 
properly lubricated and at the appropriate 
temperature, when the stallion is presented 
to the mare for collection. 

Due to the necessity of maintaining an 
appropriate temperature, the AV should 
be filled to the maximum with water. This 
is in the event the stallion is slow to 
become stimulated, a full AV will maintain 
its temperature longer and allow additional 
time to properly prepare the stallion without 
the necessity of changing water in the 
artificial vagina. However, pressure inside 
the AV must be adjusted for the comfort 
of the stallion. Although the AV is filled to 
the maximum when it is being prepared 
for collection, water is removed just prior 
to seminal collection. How much water is 
removed depends upon the diameter of 
the stallion’s penis and his preference for 
pressure inside the artificial vagina.

The plastic casing, double liners and 
protective jacket aid in maintenance of 
temperature. Obviously, the longer the 
delay, the more likely it is that temperature 
will decrease below an acceptable level. 
The longer the AV maintains an acceptable 
temperature, the longer personnel have to 
provide conditions that will stimulate the 
stallion to attain an erection, mount and 
ejaculate. If temperature of the AV drops 
below an acceptable level, and an attempt is 
still made to collect the stallion, his response 
is generally negative and he will lose interest 
in breeding. Do not hesitate to put the 
stallion away and readjust the temperature 
if there is the slightest suspicion that the AV 
has become too cold for maximum favorable 
response. While the collector is readjusting 

the temperature of the AV, the stallion 
handler can stimulate the stallion by teasing 
other mares or teasing the “collection mare” 
behind an appropriate barrier. Remember, 
placing an AV upon a stallion’s penis when 
the temperature is not properly adjusted 
is unproductive, and if repeated with any 
degree of frequency, can be detrimental to 
his sexual behavior. Caution: A protective 
jacket that completely covers that portion 
of the combination liner and cone that 
protrudes from the plastic casing and the 
collection bottle is always essential for 
collection of high quality semen regardless 
of environmental temperature.

C) Be adjustable to accommodate 
stallions of various sizes.

Penile length and diameter varies greatly 
among stallions. All well-managed farms, 
utilizing natural service, stock an array 
of “breeding rolls” of various sizes. This 
roll is placed between the stallion’s erect 
penis and abdominal wall to restrict the 
depth to which the stallion’s penis can 
penetrate the mare. The primary purpose 
of this procedure is to prevent injury to the 
mare. When semen is collected with an AV, 
the length of the stallion’s penis is taken 
into consideration by the length of the AV 
casing, which determines where in the liner 
semen is deposited at ejaculation.

D) Must be constructed and cleaned in 
a manner that maintains semen in a 
viable condition.

Precautions must be taken to protect semen 
during and after collection. There is no doubt 
that the stallion spermatozoon is extremely 
fragile. Therefore, every precaution must be 
exercised to prevent sudden and dramatic 
changes in temperature, regardless of 
whether it is an increase or decrease. One of 
the primary objections to the Missouri Model 
AV is that many times it is used without a 
warmed, insulated protector jacket over the 
tapered end of the combination liner and 
cone and collection bottle. Thus, when the 
semen is taken to the laboratory, it is the 
temperature of the surrounding air. Many 
times, particularly in cold or extremely hot 
climates, irreparable damage is done to the 
semen, either by temperature or sunlight, 
before it can be placed into an extender.

Cleanliness of all equipment or objects that 
come into contact with semen is essential 
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for maximum reproductive efficiency. Dirty 
equipment is a common cause of poor 
spermatozoal motility, which, in turn, can be 
responsible for low fertility. The combination 
liner and cone can be removed easily from 
the CSU Model AV and inverted for easy 
cleaning, whereas the Missouri Model must 
be cleaned without inverting the inner 
surface that comes into contact with the 
stallion’s penis.

E) Remove any gelatinous substance 
(gel), smegma and debris from semen 
during collection.

Over 95% of an ejaculate is fluids and 
the remainder spermatozoa. The ratio 
will depend upon numerous factors. The 
vesicular glands, sometimes called seminal 
vesicles, secrete a viscous, stringy, sticky, 
tenacious fluid (gel); its presence in an 
ejaculate varies with season, stallion, age 
and sexual stimulation. Since gel prevents 
the accurate division of semen into aliquots 
for insemination as well as an accurate 
count of spermatozoa, it must be separated 
from the remainder of the ejaculate, either 
during or after ejaculation. 

Fewer spermatozoa are lost by becoming 
trapped in the gel if the separation is made 
during ejaculation; moreover, additional 
handling of semen by straining through 
cheesecloth, etc., may damage spermatozoa. 
Therefore, the CSU Model AV was designed 
with a filter in the collection bottle that 
prevents mixing of gel with the remainder 
of the ejaculate.

A stallion ejaculates in 6 to 9 “jets” with 
approximately 80% of the spermatozoa in 
the first three jets. The gel, if any, comes 
in the last three jets. Thus, the in-line filter 
“catches” the gel before it becomes mixed 
with the sperm-rich fraction. Research has 
been conducted in our laboratory on type and 
length of filter that will effectively prevent 
the mixture of gel with the sperm-rich 
fraction, yet allow the maximum number of 
spermatozoa to pass through the filter. This 
research has resulted in the development 
of a nylon filter to replace the cotton filters 
previously recommended.

Internal Temperature of an 
Artificial Vagina

The primary aspect of environment to 
be controlled is temperature. Various 

investigators have recommended internal 
temperatures of the AV from 42 to 500C. 
The temperature must be sufficiently high 
to stimulate the stallion to ejaculate and 
be sufficiently low to prevent damage to 
the spermatozoa. Although most stallions 
will readily ejaculate at temperatures of 
42 to 50C, particularly 50C, some will 
require a higher temperature for complete 
ejaculation. Consequently, we performed 
an experiment to determine the effect of 
internal AV temperature on stallion seminal 
characteristics, with specific emphasis on 
spermatozoal motility.

A total of 54 ejaculates were collected from 
six “normal,” mature stallions of light-horse 
breeds, maintained at our laboratory. An 
ejaculate was collected from each stallion 
every-other-day, at 1 of 3 AV temperatures: 
a) 44 to 46C, b) 48 to 50C, and c) 52 to 
54C. Semen was extended 1:20 in heated, 
fresh skimmilk extender immediately after 
collection, incubated at 38C, and motility 
estimated at 0, 0.5, 1, 2, 4 and 6 hr after 
ejaculation as a measure of possible long-
term (latent damage) effects of the three 
AV temperatures.

Motility of spermatozoa, which is the 
seminal characteristic most commonly 
used to predict fertility, given adequate 
spermatozoal numbers, was not adversely 
affected by increasing temperature of the 
AV to 52 to 54C.

It is not uncommon for investigators and 
some clinicians to evaluate motility after 
incubation or storage at temperatures 
ranging from 5C to 38C. Many believe the 
ability of spermatozoa to survive incubation 
or storage is indicative of fertility. This may 
be true, although there is no evidence that 
spermatozoal viability in the laboratory is 
indicative of fertility among relatively normal 
horses. However, it is obvious that stallions 
will not be fertile if their spermatozoa do 
not live long enough in the laboratory 
to be placed into mares. The overall 
mean percentage of progressively motile 
spermatozoa varied significantly among 
stallions. Although motility of spermatozoa 
in ejaculates from all stallions declined over 
time, the extent of this decrease differed 
among stallions. The important point, with 
respect to this experiment, is that the AV 
temperature at which the ejaculate was 
collected, did not affect mean motility of 
spermatozoa over time. However, the lowest 
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temperature that can be used and still 
elicit a favorable response from the stallion 
is the temperature to use. Although the 
temperature that would be uncomfortable 
to the stallion has not been determined, 
we would be concerned about injury to the 
stallion at a temperature of more than 56 
to 58C.

Since the stallions ejaculated into the 
tapered end of the combination liner and 
cone, the spermatozoa were not exposed 
to the higher temperatures within the AV. 
Therefore, an experiment was designed 
and conducted to determine the effects 
on seminal quality of exposing stallion 
spermatozoa to temperatures corresponding 
to internal temperatures of an AV at 38 
to 53C. A single ejaculate of semen was 
collected from each of six stallions on four 
consecutive days (24 ejaculates). 

Four glass tubes containing 1 ml of semen 
were prepared from each ejaculate and 
then exposed to temperatures of 38C, 
45C, 49C or 53C for 1 minute. After 1 min 
exposure, the seminal temperatures were 
38C, 43C, 48C and 53C, respectively. Next, 
the seminal samples were extended 1:20 
in heated, fresh skimmilk, and incubated at 
38C. Spermatozoal motility was evaluated 
under a phase-contrast microscope at 200 
magnifications after 0, 0.5, 1, 2, 4 and 6 hr 
of storage.

Mean motility of spermatozoa were similar 
after exposure to temperatures of 380C or 
43C, whereas exposure to temperatures of 
49C or 53C) for 1 min resulted in a significant 
decrease in spermatozoal motility with each 
increase in temperature. As in the previous 
study, there was considerable variation 
among stallions in the response of their 
spermatozoa to elevated temperatures. It is 
likely that the extent of damage from any 
type of stress depends upon the stallion, 
since spermatozoa from some would be 
more susceptible than those from others.

Temperatures above 43C were associated 
with a reduction in motility. Thus, it can be 
concluded that a spermatozoon exposed 
to temperatures greater than 43C for as 
little as 1 min may suffer irreversible 
damage. However, detrimental effects of 
heat stress to spermatozoa may occur at 
temperatures lower than those that affect 
motility, resulting in reduced fertilizing 
capacity and/or embryo survival. Further, 

duration of exposure may be important. 
We believe that the longer the storage or 
the stress, the greater the damage, or the 
higher the temperature, the shorter the 
interval required for maximum damage. 
This experiment underlines the necessity 
of using proper collection techniques, as 
outlined in this chapter, especially if a 
higher AV temperature must be used to 
elicit a favorable response from a particular 
stallion.

Ulberg and Burfening collected ejaculates 
from each of five rabbits and studied the 
effect of high temperatures on fertility. Each 
ejaculate was split and samples treated 
and incubated for 3 hr at either 38C or 
40C. Fertilization rates after insemination 
are presented in Table 1. They found 
no significant effect of temperature on 
either spermatozoal quality, as measured 
by motility, live-dead stain or fertilizing 
capacity. The fertilization rate was 96 and 
98% for spermatozoa held at 38C and 40C, 
respectively. However, the rate of embryonic 
development to the point of implantation 
was greatly reduced for those ova fertilized 
by spermatozoa exposed to 40C) 47.3% 
compared to 67.0% when spermatozoa 
were exposed to 38C It is amazing that 
a difference of only 2C resulted in such a 
profound difference.

Table 1. Percentage of Fertilized Rabbit 
Ova that Survived for 12 Days After 
Fertilization with Spermatozoa Cultured 
for 3 hr at 38 or 40C (~100 or 104F).
Culture temperature (C)

It should be noted that there was a significant 
difference among males in their ability to 
produce spermatozoa that could withstand 
temperature stress. Ulberg and Burfening 
concluded, from their rather extensive 
series of studies, that the stress of a slight 
increase in temperature for a short period 
of time on either the spermatozoa before 
fertilization or the ovum immediately after 
fertilization resulted in death of the embryo 
some time later in its development. They 
further concluded that effects of different 
forms of stress such as heat, handling, 
etc., were additive. Therefore, extreme care 

Male  38 40 Difference
1  2 3 4
5  Mean (%) 64.3 90.9
58.8  86.7 46.2 67.0
42.2  84.2 71.4 0.0
55.6  47.3 +22.1 +6.7
-12.6 +86.7 -9.4 +19.7
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must be exercised throughout the entire AI 
process to minimize stress to spermatozoa 
to ensure maximum fertility.

In summary:

a) Appropriate seminal handling is 
essential for maximum fertility.

b) Use of an AV of inappropriate length and/
or temperature can induce abnormal 
sexual behavior.

c) Increasing the internal temperature 
of the AV to 52 to 54C can be used 
therapeutically to stimulate stallions 
to ejaculate without reducing 
spermatozoal motility, provided proper 
collection techniques are used.

d) The temperature of the AV should not 
be higher than is necessary to elicit a 
favorable ejaculatory response.

e) There is considerable variation among 
stallions with respect to response of 
their spermatozoa to stress.

f) Stallion spermatozoa subjected to 
temperatures greater than 43C for as 
little as 1 min may suffer irreversible 
damage.

g) Although spermatozoal motility may not 
be visibly affected by stress, embryo 
survival may be reduced.

h) Extreme care must be exercised during 
all steps of the AI process to minimize 
stress to spermatozoa and ensure 
maximum reproductive efficiency.

Assembly of the CSU Model 
Artificial Vagina

To assemble the CSU model AV, the inner 
liner is placed inside the casing, with 
approximately equal lengths protruding at 
each end. For ease of assembly, the casing 
with inner liner in place, is placed on an E-Z 
Boy Assembly Stand (Animal Reproduction 
Systems, Chino, CA). The inner liner is 
then reflected over the rubber collar of the 
posterior end of the AV casing. Although 
the posterior end is flared by the rubber 
collar, at least one rubber band should be 
placed snugly (2 to 3 wraps) to hold the 
inner liner in place to prevent slippage and 
leakage of water. By stretching the rubber 
band to its maximum possible length, it is 
possible to get several wraps around the 
inner liner and casing. It is essential that 
this junction be tight, since the inner liner is 
not removed routinely, but cleaned while in 
the AV casing.

The next step is to reflect the inner liner 
over the anterior end of the casing. This 
is the first point in assembling the AV in 
which it is possible to adjust the internal 
diameter, and ultimately internal pressure. 
Increasing the tautness, i.e., the amount 
that the inner liner is stretched before it 
is reflected over the anterior end of the 
casing reduces the amount of water that 
can be added and, thus, increases internal 
diameter. Conversely, a loose inner liner 
will allow more water to be added, which 
decreases internal diameter, and permits an 
increase in internal pressure. 

Once the inner liner is appropriately 
positioned, a rubber band is also used on 
the anterior end. When the inner liner is in 
place, the inside should resemble a smooth 
tube with the rubber stretched equally all 
the way around the inside of the casing.

Combination liners and cones are available 
in reusable, latex rubber or disposable 
plastic. Until recently, all reusable latex 
liners for the CSU Model AV were flat, i.e., 
they had creases on each side, regardless 
of whether they were straight or flared 
on the posterior end. Very recently, round 
combination liners and cones, as well as 
inner liners, are available without creases. 
We believe this configuration will reduce the 
incidence of folds and wrinkles when the AV 
is filled with water. Convenience, cost, but 
more importantly the stallion’s preference 
should be taken into account in selection of 
the appropriate combination liner and cone. 
Regardless of type of liner, it is inserted 
through the AV casing, and reflected over 
the posterior end of the casing and inner 
liner.

The combination liner and cone must be free 
of twists, folds or wrinkles and be reflected 
completely over the rubber collar to prevent 
its slipping during collection. Stretching the 
rubber combination liner and cone over the 
posterior end of the AV is an art. The rubber 
is relatively thick and smaller in diameter 
than the flared, posterior end of the AV, 
and considerable stretching is necessary 
to reflect the rubber over the posterior 
end. Thus, no rubber band is necessary to 
hold this liner in place. Unfortunately, if the 
stretching and reflecting is not done in one 
smooth, fluid movement, the rubber will 
most likely tear, especially if brute force 
is used. This should be avoided as rubber 
liners are relatively expensive, and it is 
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time-consuming to start over.

The difficulty experienced by some 
individuals in stretching, positioning, etc. 
the combination liner and cone resulted 
in the manufacture of combination liners 
and cones with flared ends. They are not 
difficult to stretch, but require considerable 
positioning to provide a wrinkle-free liner. 
A disposable, plastic combination liner and 
cone is more likely to become twisted or 
wrinkled within the AV than a latex liner. 

Therefore, more precautions are necessary 
to position the plastic liner properly than 
for the latex liner. This is necessary for 
two reasons: a) in order to avoid the 
considerable danger of puncturing the liner 
with the fingers when the AV liner is 
lubricated, particularly if the plastic liner is 
lubricated after the AV has been filled with 
water, and b) in general, stallions object 
to creases and wrinkles in an AV liner, 
particularly a plastic liner.

It has been shown that the number of 
intense thrusts (P<0.01), tail flags per 
ejaculation (P<0.05) and duration of 
ejaculation (P<0.01) were reduced, while 
number of mounts (P<0.05) and total 
time per ejaculation (P<0.01) were greater 
when seminal collections were made using 
a plastic, rather than a latex, combination 
liner and cone. Thus, use of a plastic liner 
delayed the onset of ejaculation, increased 
time required to obtain an ejaculate and 
altered stallion sexual behavior. 

However, some stallions do not appear to 
object to a plastic liner. When a stallion is 
“happy” with a plastic liner, we recommend 
them because they are disposable and no 
evidence has been presented that they 
are spermicidal. Once the plastic liner is 
appropriately positioned, the flared end 
is reflected over the posterior end of the 
artificial vagina. Since the plastic has little 
or no stretch, a clamp must be used to hold 
the liner in place. The AV is now ready to be 
filled with water at 57C. During filling, it is 
advisable, particularly when a plastic liner 
is being used, to pull on the tapered end of 
the liner to assure that wrinkles and twists 
do not develop.

The second opportunity to adjust the internal 
pressure of the AV is when it is being 
filled with water. A blunt object, not the 
stem of the thermometer, can be inserted 

through the valve, through which water 
is introduced, to stretch, i.e., depress the 
rubber inner liner, thus allowing more water 
to be added. Note: One must be quick to 
remove the blunt object and replace the cap 
to prevent the excess water from escaping 
once pressure is released.

After the AV is filled with water, a dial 
thermometer is placed inside to monitor the 
temperature. It may require several minutes 
for the temperature within the AV to stabilize. 
If the AV is used before the temperature has 
risen to the maximum, it can become so 
hot that it injures the stallion, as well as 
damages the spermatozoa. Many stallions 
have been “burned” by someone filling an 
AV and using it as soon as the thermometer 
registered the desired temperature. Only 
when the internal temperature has stabilized 
at 48 to 50C is the AV ready for lubrication, 
and use.

Early or late in the breeding season, or any 
other time when the stallion becomes slow 
to mount and/or reluctant to ejaculate, the 
internal temperature can be increased to 52 
to 54C without damaging the spermatozoa, 
provided certain precautions are taken 
during collection. Regardless of how accurate 
the collector may be in determining the 
internal temperature with his or her hand, 
a thermometer should always be used. 
Furthermore, at least once per month, the 
accuracy of all laboratory thermometers, 
particularly dial thermometers, should be 
checked against boiling water (100C = 
212F, at sea level) and iced water (0C = 
32F), or against a good mercury or alcohol 
thermometer.

To aid in filling the AV with water at the 
appropriate temperature, a temperature 
monitoring device can be installed in the 
plumbing system. Such a device conserves 
time and water, and heightens the awareness 
of laboratory personnel to the necessity of 
temperature control.

Prior to collection of semen, an extender 
should be prepared. The product used to 
extend the semen is commonly composed of 
non-fat, dried skim milk solids, glucose and 
antibiotics. These have been explained in 
detail in the chapter on cooled transported 
semen.
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In summary, the sequence 
of events in preparing for 
seminal collection are as 
follows:

a) Turn on all equipment that will be 
needed, such as spermatozoal counter, 
slide warmer, microscope, etc., well 
before semen is collected, so they reach 
their appropriate, stable, operating 
temperatures prior to use.

b) Remove the clean equipment, i.e., 
rubber material, AV casing, clamps, 
etc., from dust-free cabinets.

c) Assemble the AV correctly.
d) Place a dial thermometer in each AV 

after it has been filled, to monitor 
temperature.

e) Allow temperature of the AV to stabilize 
while the mare is being prepared.

f) Be sure all equipment to be utilized in 
the AI program is at the appropriate 
temperature.

g) Prepare the seminal extender, and 
place in an incubator.

Preparation of the Mare

Unfortunately numerous stallions are injured 
each year by mares during attempts at 
seminal collection or during natural service. 
Many breeding managers do not feel it 
is necessary to “hobble” or appropriately 
restrain the mare. Their rationale appears 
to be, “let him learn a lesson.” This “lesson” 
can result in serious physical and/or 
psychological injury to the stallion, from 
which he may not fully recover. Numerous 
cases of abnormal sexual behavior are 
treated each year, many of which were the 
result of stallions having been kicked during 
breeding or seminal collection, which could 
easily have been avoided. In the event that 
the scrotum or penis is kicked, the stallion 
may become subfertile or even sterile.

A set of hobbles (Animal Reproduction 
Systems, Chino, CA) has been designed that 
has a distinct advantage over most other 
designs. They a) effectively restrain the 
mare, b) fit snugly over the hocks without 
sliding down, c) allow the mare to move and 
be moved without removing the hobbles, 
d) cause minimal stress to the mare, 
and e) can be removed quickly in case of 
emergency.

The hobbles have a large nylon strap that 

buckles around the mare’s neck. This strap 
can be adjusted to fit mares of almost any 
size. There is also a large adjustable nylon 
strap that goes between the mare’s front 
legs with a buckle that permits further 
adjustment. Fleece is sewn inside the nylon 
straps that go around the hocks to keep 
the hobbles from sliding down. Attached 
to each end of a ½-inch nylon rope is a 
quick-release. The rope passes through a 
connecting link, that is attached to a “D” 
ring in the nylon strap between the mare’s 
front legs. 

The quick-releases at the ends of the rope 
are attached to “D” rings on the hock 
straps. The teaser mare should be in estrus 
and readily allow the stallion to mount. 
In addition to the hobbles, the mare is 
also twitched. There are numerous other 
methods of protecting the stallion during 
breeding, such as tying up one front leg of 
the mare, boots on the rear hooves, etc., 
in addition to a twitch. The purpose of any 
restraint in the breeding shed is to prevent 
injury to the mare, stallion and personnel. 
Most commonly we use the padded hind 
boots to protect us and the stallion.

In further preparation for seminal collection, 
the mare’s tail should be completely enclosed 
or wrapped. This is easily done with a large, 
athletic sock. The sock is turned wrong-
side out over one hand. The hair on the 
mare’s tail is formed into a ball, and clasped 
through the sock. The opposite hand is used 
to pull the sock up over the mare’s tail. The 
sock is then taped into place at the base of 
the tail. 

When a mare’s tail is so “wrapped,” it 
permits sanitary control, and minimizes 
the chance of injury to the stallion’s penis 
from loose hair across the opening of the 
artificial vagina On many farms, there is 
sufficient personnel in the breeding shed 
for one person to hold the mare’s tail to 
the opposite side during seminal collection 
or natural service. In that case, the base of 
the mare’s tail can be wrapped for 8 to 12 
inches with gauze, or some other disposable 
material.

When a stallion mounts a mare for seminal 
collection or natural service, it is not 
uncommon for a considerable amount of 
clear fluid to be emitted from his penis. 
Generally, there is considerable movement 
of the mare and stallion with the result that 
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this fluid is spread over the mare’s buttocks, 
flanks, tail, etc. This fluid may be nature’s 
way of cleansing the stallion’s reproductive 
tract prior to sexual contact. If so, this fluid 
could be heavily laden with bacteria. The 
recent outbreak of CEM in the USA (Dec 
2008) has only been isolated from stallions 
breeding by AI and not mares and probably 
is a good indicator of two things. 1) That 
although it has infected stallions there has 
been no stallion to mare spread in the AI 
programs due to antibiotics added to the 
semen and 2) The stallions probably infected 
the next stallion by AV contamination or 
tease/jump mare or phantom contamination. 
Therefore, the mare or phantom must be 
cleansed between stallions, because the 
next stallion’s penis may touch areas on 
the mare where this pre-ejaculatory fluid 
from the previous stallion was sprayed, and 
“pick up” whatever organisms were shed by 
the previous stallion. The mare’s tail-wrap 
should also be changed between stallions.

The mare should be cleansed with a povidine-
iodine solution wherever the stallion’s penis 
is likely to come into contact with hair or 
skin. The individual doing the washing 
should wear disposable gloves. Further, 
when paper toweling or cotton pledgets 
are used to cleanse the mare, they should 
not be put back into the bucket, since this 
contaminates the washing fluid.

Most breeding farms, standing stallions of 
a breed whose regulations permit AI, utilize 
a phantom or dummy mare for seminal 
collection. Although they have been used 
in the USA since the 1930’s, primarily 
agricultural experiment stations, they did 
not become popular on breeding farms until 
the late 1960’s and early 1970’s. Rams, 
bulls, boars and stallions can be trained to 
mount an inanimate object and ejaculate. 
Stallions with good libido can be easily 
trained to mount a phantom, particularly 
during the physiologic breeding season. 
There are several advantages in having 
stallions trained to a phantom.

a) Convenience — After the stallion has 
been trained properly, a tease mare 
or a mare in estrus is not always 
necessary. A phantom is particularly 
convenient when one needs to evaluate 
a stallion for breeding soundness, but 
no mare is in estrus; since a diestrous 
or anestrous mare can sometimes be 
used to stimulate a stallion to mount 

a phantom.
b) Safety — There is less chance of injury 

to the stallion and personnel.
c) Preparation of the mare, as previously 

described, is not necessary. However, 
the phantom must be washed between 
ejaculates for disease prevention and 
cleanliness of the seminal sample, just 
as the mare must be cleaned.

Final Assembly of the 
Artificial Vagina

When the mare or phantom has been 
prepared and the AV has reached the 
proper, stable temperature, a collection 
bottle is removed from an incubator, which is 
maintained at body temperature (37C), and 
fitted with a nylon filter. The lip on the plastic 
ring, to which the nylon filter is attached, 
prevents the filter assembly from falling into 
the collection bottle. The collection bottle, 
with filter assembly, is placed into the 
tapered end of the combination liner and 
cone, and held in place with a clamp.

In the event the stallion about to be 
collected “enjoys” being collected with an 
AV containing a plastic liner, the tapered 
end is attached to the bottle with a screw 
cap. The center of the screw cap has been 
removed. The tapered end of the plastic 
liner is threaded through the hole in the 
cap, then the cap is screwed onto the bottle 
attaching the tapered end of the plastic liner 
to the collection bottle.

Once the bottle is attached to the combination 
liner and cone, regardless of whether the 
liner is latex or plastic, the protector jacket 
is removed from the warming device, placed 
over the collection bottle and attached to 
the AV casing.

All areas of the AV, except around the 
anterior end, have more than one layer 
of material. Therefore, this is the area 
where most of the heat escapes. When the 
protector jacket is in place, heat that escapes 
is trapped by the protector jacket; thus, the 
collection bottle remains at an acceptable 
temperature regardless of environmental 
temperature. As previously stated, all AVs, 
regardless of type or model, area of the 
world, warm or cold, should be fitted with 
an insulated cover to protect the semen 
from heat and/or cold and light.

The next step is to lubricate the artificial 
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vagina. Although there are numerous 
products on the market, we recommend 
sterile K-Y Lubricating Jelly (Johnson & 
Johnson, New Brunswick, NJ) because it has 
excellent lubricating properties and has been 
proven to be nonspermicidal in quantities up 
to 10% (w/v) when it was evaluated with 
other lubricants. Place approximately some 
jelly (4 oz tube) into the palm of the right 
hand, which is covered by a shoulder-length 
plastic sleeve, and apply it inside the AV 
along one half of its length. The largest 
quantity of lubricant should be placed in 
the first one third of the artificial vagina. 
The hand is then pushed forward to the 
point at which the internal pressure of the 
AV holds the sleeve and allows the hand to 
be withdrawn, leaving the sleeve inside the 
AV. 

The sleeve prevents entry of foreign material, 
and aids in maintaining the temperature. 
In spite of the fact that K-Y lubricant has 
been shown to be nonspermicidal, care 
should be exercised to use only the amount 
necessary to properly lubricate the artificial 
vagina. This material is soluble in semen, 
and when a stallion thrusts excessively, 
much of the lubricant is forced into the 
end of the combination liner and cone. 
Upon ejaculation, the semen dissolves the 
lubricant, which becomes mixed with the 
semen. This probably has little or no effect 
on the spermatozoa of “normal” stallions. 
However, in the event a particular stallion’s 
spermatozoa are excessively “fragile,” small 
amounts of lubricant could be detrimental 
to fertility.

If a twist or wrinkle is noted in the 
combination liner and cone, when the AV 
is being lubricated, it must be removed. 
Occasionally, the problem can be corrected 
without removing the water, if someone pulls 
on the tapered end of the latex combination 
liner and cone while another person pushes 
with his or her hand from inside the artificial 
vagina. The disposable, plastic liner is 
virtually impossible to straighten without 
removing water from the artificial vagina.

We generally recommend that AV lubricant 
be kept in an incubator (37C). However, the 
lubricant can be used to adjust the internal 
temperature of the AV by ±1 to 2C. For 
example, if the AV is slightly warmer than 
ideal, cold lubricant can be used to adjust 
the temperature. When the AV is lubricated, 
it is taken to the breeding shed, placed in a 

clean rack, the plastic sleeve removed and 
placed on the collector’s arm.

Preparation of the Stallion 
for Seminal Collection

The ability to handle a stallion in a manner 
that will elicit maximal favorable sexual 
response, with a minimum of difficulty, is an 
art. In general, there are some basic rules, 
but each stallion handler is different, as is 
each stallion. Therefore, what may work in 
one situation may not apply in another. The 
amount of restraint necessary for a stallion 
to react favorably and still ensure safety of 
the mare, handler and collector should be 
applied. Some stallions respond to voice 
commands and need only a minimum of 
restraint to be under complete control. 
Others need a chain through the mouth plus 
physical barriers. Every farm should have 
facilities that will permit a stallion to tease a 
mare safely so that he may become sexually 
stimulated for his penis to be washed. Also, 
the washing procedure should constitute a 
sexually-stimulating experience.

Washing the Stallion’s Penis

Warm water (42C) is placed into a bucket 
protected with a plastic liner secured with 
a stout rubber band. Again, measure the 
temperature, do not estimate. A container 
for rinsing the stallion’s penis is placed into 
the bucket. The container used to rinse the 
stallion’s penis should be easily cleaned, 
such as stainless steel, or completely 
disposable. In general, use of disposable 
material reduces the chances of spreading 
disease and reuse of unclean equipment. 
The stallion is then brought from his stall 
and presented to an estrous mare positioned 
behind a well-padded barrier. He should be 
allowed to tease the mare with as much 
freedom and enthusiasm as possible without 
endangering himself, the mare or personnel. 
When a full erection is attained, the handler 
puts some restraint on the stallion to permit 
quick, effective washing.

The individual who washes the stallion 
should wear plastic, disposable gloves. It is 
generally somewhat easier and quicker with 
most stallions, if someone holds the bucket 
while the stallion is being washed. The 
stallion’s erect penis should be deflected, 
not grasped, and moistened with water, 
and massaged gently, but thoroughly. More 
water is added as necessary. The penis 

SAEVA Proceedings.indd   89 2/11/09   11:44:53 AM



90

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

should be observed closely during the 
washing procedure for lesions, inflamed 
urethral orifice, etc. When it is suitably 
cleaned, the penis is thoroughly rinsed; 
drying is not necessary. If the stallion’s 
penis becomes contaminated after washing, 
but before collection, the rinsing procedure 
should be repeated.

When a stallion has not been washed for 
an extended period, many times excessive 
smegma accumulates on the penis and 
prepuce and adheres to the skin. If this is 
removed without some special precautions, a 
sore penis may result. The stallion should be 
presented to an estrous mare until he attains 
an erection, at which time the penis can be 
massaged gently with generous quantities 
of a warmed water-soluble lubricant, such 
as K-Y Jelly. The stallion is then returned to 
his stall for 1 to 2 hr to permit the lubricant 
to penetrate and soften the smegma so that 
it becomes easy to remove by thoroughly 
washing the stallion’s penis with Ivory 
soap and warm water. After a stallion’s 
penis has been thoroughly cleansed, which 
may require several washings with soap 
and water, he should be washed only with 
clean, warm water for the remainder of the 
breeding season, provided, of course, that 
he is being collected approximately every 
other day. In natural service, the stallion 
should be washed with warm water before 
and after breeding.

Seminal Collection

While the stallion is being washed, the mare 
is positioned and restrained with a twitch. 
Meanwhile, the collector is observing the 
stallion and adjusting the internal pressure 
of the AV by releasing some water. When the 
washing procedure is completed, everything 
should be ready so that the stallion can 
be presented to the mare immediately. 
Excessive restraint of the stallion at this 
time, particularly if it is done frequently, 
can make him frustrated and difficult to 
handle. The mare should be positioned in a 
location that has good footing, particularly 
for the stallion. Extreme caution should be 
taken to ensure that conditions are ideal 
before seminal collection is attempted. If 
conditions are not completely satisfactory, 
return the stallion to his stall and correct the 
deficiencies. Failure to follow this procedure 
is the most common cause of avoidable 
accidents during seminal collection or 
breeding.

The collector should be positioned on the 
near side (left), and slightly behind the 
stallion handler where he can observe the 
mare and stallion. He should direct the 
mare and stallion handlers, just as the 
breeding-shed manager does when natural 
service is being practiced.

The handler should make sure that the 
stallion has plenty of slack in the shank while 
he is mounted on the mare or phantom. The 
collector then steps forward and deflects the 
stallion’s penis into the AV. The AV should 
be held at an angle that is comfortable 
for the stallion. As the stallion thrusts, the 
collector should manipulate the AV to provide 
maximal sexual stimulation, if necessary. 
The left hand remains on the handle of the 
AV, and the right hand supports the AV from 
the bottom. The weight of the AV is partially 
supported by pushing it against the mare 
with your body. 

Lifting the AV upward against the stallion’s 
abdomen is usually more stimulating than 
pushing it down on the penis. When the 
stallion begins to ejaculate, jets of semen 
(pulsations) through the urethra can be felt 
if the collector slides his right hand from 
the AV to the ventral (bottom) portion of 
the penis. These pulsations are usually 
associated with a pumping movement 
of the tail called “flagging.” After several 
pulsations, the anterior end of the AV 
should be gradually lowered. 

At this point, the collector should grasp the 
stallion’s penis and continue to lower the AV 
until it is almost vertical, as the stallion loses 
his erection. If the AV is lowered too rapidly, 
it will cause discomfort to the stallion, and 
may interfere with ejaculation. Lowering 
the AV permits more efficient separation of 
the sperm-rich fraction from the gel fraction 
and allows semen to drain into the collection 
bottle. The collector examines the stallion’s 
urethral orifice for the presence of a white, 
frothy material, which indicates ejaculation 
has occurred. 

If ejaculation occurred, the collector 
immediately steps away from the stallion, 
holding the AV in a vertical position, and 
removes the filler cap, to allow water 
to run out; thus reducing the internal 
pressure. This permits any semen that may 
have been ejaculated toward the posterior 
(open) end of the AV to drain into the 
collection bottle, and prevents spillage. 
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Ideally, the collection procedure was such 
that semen was deposited into the tapered 
end of the combination liner and cone. The 
collector should proceed immediately to the 
laboratory with the AV and semen.

Immediately after the stallion dismounts, 
the mare handler should pull the mare to 
the left and forward. The stallion handler 
should back the stallion a few steps and 
also turn him to the left. This minimizes the 
risk of injury from kicking. However, the 
mare handler should not move the mare 
before the stallion’s forefeet have touched 
the ground, lest they become tangled in the 
hobbles.

Handling and Evaluation of 
Semen After Collection

After semen is collected, it should be taken 
to the laboratory immediately. The AV is 
placed on a counter-top or in a rack designed 
to prevent it from rolling. The plunger in the 
slip-lock is pulled so the draw-string holding 
the protector jacket onto the AV can be 
loosened. The protector jacket is removed, 
the AV tilted, and the combination liner and 
cone stretched to ensure that all semen 
has drained into the collection bottle. This 
is necessary, since the filter may become 
inverted due to a vacuum being created 
while the stallion is thrusting. 

Spillage can occur if the collection bottle 
is removed when the filter is inverted, 
since inversion of the filter or excessive 
gel will prevent drainage of semen into 
the bottle. The clamp is released, and the 
bottle removed from the tapered end of 
the combination liner and cone. The filter is 
removed and discarded, after the volume of 
gel has been estimated.

Spermatozoa, particularly from some 
stallions, are very fragile. Therefore, it is 
extremely important not to expose the 
collection bottle to a cold counter top or 
anything that will rapidly alter temperature 
of the semen. However, it has been shown 
that temperature of stallion semen can be 
reduced rapidly from 37C to 20C, which is 
approximately room temperature, without 
a reduction in percentage of progressively 
motile spermatozoa. Extreme care must be 
exercised to prevent rapid cooling of stallion 
spermatozoa below 20C. In the event this 
occurs, cold shock of the spermatozoa will 
result in latent and/or immediate damage 

to the spermatozoa. Obviously, the more 
fragile the spermatozoa, the greater the 
damage.

A warmed (37C), graduated cylinder is 
removed from an incubator and tilted to 
about a 30 angle so that the semen can be 
poured slowly down the side. The objective is 
to get the semen into a warmed, graduated 
cylinder, for measurement, as soon as 
possible after collection. Once semen is 
in the graduated cylinder, it should be 
identified, and the volume recorded. The 
next step is to remove a small portion, 
approximately 0.25 ml of gel-free semen 
and place it in approximately 4.75 ml of E-Z 
Mixin®-“OF” (Animal Reproduction Systems, 
Chino, CA) extender or other extender. This 
approximately 1:20 (semen to extender) 
dilution should be placed in a test-tube 
holder. The next step is to quickly remove 
another small aliquot (approximately ¼ ml) 
of gel-free semen and place it in a small 
test tube to be used later for estimating the 
number of spermatozoa per ml of gel-free 
semen.

As quickly as possible after the two samples 
of semen are removed for spermatozoal 
motility and estimation of number of 
spermatozoa, respectively, a volume of 
warmed (37C) extender equal to the 
volume of gel-free semen is placed in 
a warmed, graduated cylinder. The two 
equal volumes of extender and semen are 
mixed and kept at room temperature (20C) 
until spermatozoal motility and number are 
estimated. The reasons for haste in getting 
semen extended 1:1 (semen to extender) 
are as follows:

a) Seminal fluids are, in general, a poor 
“extender” for stallion spermatozoa. 
In fact, in the case of certain stallions, 
there is considerable clinical and 
experimental evidence that these fluids 
may even be toxic or at least detrimental 
to spermatozoal motility. For example, 
we have collected semen from stallions 
utilizing techniques described herein 
and observed extremely low progressive 
spermatozoal motility. On occasion, 
this has been corrected by placing 50 
to 100 ml of warm (37C) extender 
into the collection bottle before semen 
was collected. The semen becomes 
mixed with extender immediately upon 
ejaculation, either diluting the toxic 
factor in seminal fluids or providing 
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a more favorable environment for 
the spermatozoa. In some instances, 
subfertile stallions become fertile when 
this technique is used. Unfortunately, 
it prevents counting the spermatozoa 
photometrically.

b) It is necessary for maximum reproductive 
efficiency to get the extended semen 
into mares as quickly as possible after 
collection; because even under the 
best conditions, quality of spermatozoa 
will deteriorate rapidly.

Accuracy in estimation of motility is dependent 
upon experience of the estimator, type of 
equipment used and sample preparation. 
Further, we are of the opinion, assuming 
an adequate number of spermatozoa, 
that percentage of progressively motile 
spermatozoa is the seminal characteristic 
most frequently used, at least on the farm, 
to predict fertility, and in many cases, is 
highly correlated with fertility.

Once the semen for breeding mares has 
been extended, the next step is to evaluate 
the percentage of progressively motile 
spermatozoa in the 1:20 dilution (0.25 ml 
of semen to 4.75 ml of extender) previously 
prepared. This dilution of 1:20 is sufficient 
to disperse the spermatozoa, permitting 
observation of individual cells. If semen is 
highly concentrated, a smaller volume may 
be added to the extender and vice versa. 
However, to obtain an accurate estimate of 
motility, it is essential to dilute or extend 
the semen, as previously indicated, since 
spermatozoa in raw semen tend to clump or 
agglutinate, making an accurate estimate of 
motility in raw semen impossible.

The vial is removed from the test-tube 
rack and inverted several times to assure 
thorough mixing, and placed on a slide 
warmer. The slide warmer should be 
maintained at a temperature of 37C. On 
the slide warmer are disposable transfer 
pipettes, glass slides, cover slips and 
extended semen. Everything that comes 
into contact with semen should be clean 
and maintained at 37C for an accurate 
estimation of spermatozoal motility.

To prepare a sample for estimation of 
spermatozoal motility, place one drop of 
extended semen on each end of a clean 
glass slide using a transfer pipette. Cover 
each drop with a clean cover slip taking 
care to avoid trapping air bubbles in the 

semen, then place the slide on the stage 
of the microscope whose temperature is 
maintained at 37C. It is essential that the 
specimen be kept warm or percentage of 
progressive spermatozoal motility will be 
underestimated.

To estimate spermatozoal motility accurately, 
a phase-contrast microscope is absolutely 
essential. This type of microscope permits 
clear resolution of materials of similar 
optical density. The specimen should be 
observed at a magnification of 200X. An 
estimate is obtained by a series of yes-no 
answers. For example, as spermatozoa are 
observed, one should ask if every other 
spermatozoon is progressing forward and 
rotating. If the answer is no, then motility 
is less than 50%, obviously the converse is 
yes. One continues to ask such questions 
until the estimator is confident that an 
accurate range has been established. This 
may require several samples, since the 
thin layers of semen dry quickly at body 
temperature, particularly around the edges. 
Therefore, one should observe 3 to 5 fields 
per coverslip and be certain the fields are 
near the center. 

The estimates from each coverslip should be 
averaged. If the difference between the two 
estimates is greater than 10%, a new slide 
should be prepared. Accuracy is improved if 
two individuals make the estimates. Many 
spermatozoa that are moving may not be 
progressively motile. For a spermatozoon to 
be called progressively motile, it must move 
across the microscopic field reasonably 
rapidly and, with each back and forth lash 
of the tail, the head must rotate 360. 
Spermatozoa with any other type of motility 
should be considered dead and/or included 
in the estimate of total motility. 

However, for purposes of AI, only percentage 
of progressively motile spermatozoa should 
be considered. Thus, estimation of motility is 
greatly complicated when some spermatozoa 
are exhibiting normal motility and others 
are going in circles and not rotating, while 
others are lashing their tails with no forward 
movement or rotation. Once the percentage 
of progressively motile spermatozoa has 
been determined and recorded, which 
should require no more than 3 to 5 min, the 
number of spermatozoa per ml of gel-free 
semen must be estimated.
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Some selected diseases of the 
breeding stallion

AO McKinnon

AbNOrMAliTieS OF THe 
ejAcUlATe

Haemospermia:

Haemospermia is not uncommon in breeding 
stallions (Schumacher et al., 1995;Sojka 
and Carter, 1985;Varner et al., 2000;Voss 
and McKinnon, 1993). Mild cases (light pink 
ejaculates) do not affect fertility, however 
frank haemorrhage will. The source of the 
blood can be anywhere in the reproductive 
tract, but most commonly originates from 
lesions in the urethra, on the urethral 
process or on the penis itself. Causes of 
haemospermia include epididymitis, blocked 
ampullae, seminal vesiculitis, urethral 
strictures, urethritis, urethral varicosities, 
neoplasia, mucosal lesions of the urethra, 
or damage to the urethral process, glans 
penis or shaft of the penis (Bedford et al., 
2000;Schumacher et al., 1995;Sojka and 
Carter, 1985;Varner et al., 2000;Voss and 
McKinnon, 1993).

The urethral process and glans penis are 
particularly susceptible to injuries from 
breeding mostly from lacerations from 
tail hairs. Profuse haemospermia is 
often associated with idiopathic defects 
of the mucosa in the proximal urethra 
that communicate with the underlying 
corpus spongiosum (Schumacher et al., 
1995;Varner et al., 2000).Lesions caused 
by cutaneous habronema infection of the 
urethral process have been an important 
cause of haemospermia (McKinnon et 
al., 1988). They are thought to be less 
likely since the introduction of ivermectin . 
Bacterial urethritis has been reported as a 
relatively common cause of haemospermia 
in stallions (McKinnon et al., 1988;Voss 
and McKinnon, 1993). The most common 
organisms associated with bacterial 
urethritis include Streptococcus spp., E. 
coli, and Pseudomonas aerugenosa (Voss 
and Pickett, 1975).

Diagnosis is usually self evident but it 
may be more difficult to detect in stallions 
breeding naturally. Sometimes blood is 

seen coming from the mares vulva after 
breeding. To identify when and where the 
blood is coming from occasionally an open 
ended AV is necessary.

Haemospermia is best treated by identify 
and treating the primary condition. Systemic 
antibiotics that are concentrated into the 
urinary tract such as penicillin and TMS and 
urinary acidify agents appear to resolve 
many urethritis cases. An important part of 
therapy is sexual rest which be the firs line of 
treatment and continue for at least 14 days 
before re-evaluating the semen. Mucosal 
tears of the proximal urethra respond best 
to perineal urethrotomy (Schumacher et al., 
1995). Occasionally strictures may result 
but this is more often associated with 
urethrotomy for urolithiasis (Laverty et 
al., 1992). In our hands this has been an 
excellent treatment.

Significant haemospermia

Mild haemospermia

SAEVA Proceedings.indd   94 2/11/09   11:44:53 AM



95

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

Trauma to the glans penis

Urospermia:

Urospermia may be harder to diagnose 
compared with haemospermia in stallions 
breeding by natural service. The problem 
should be immediately obvious with semen 
collection, however the condition is often 
intermittent making the diagnosis more 
difficult. Urospermia is more likely to occur 
with stallions that fail to ejaculate readily.

Urospermia

In stallions suspected of urospermia, careful 
observation of the dismount sample will 
reveal the smell and sometimes colour of 
urine. Some stallion managers claim to 
feel gritty fluid pulses when the stallion 
ejaculates. Ultrasonography of the mare 
after service is a useful technique for 
diagnosis of urospermia in mares bred 
by natural service. Typically they have a 
hyperechoic accumulation of urine crystal 
sediment in the body of the uterus which 
although similar to the appearance of air 
lacks the typical air refraction.

Urospermia

Air in the uterus from a mare in heat 
(left). Follicle on right

If, when examining a dismount specimen 
or a sample from the collection vessel, 
doubt exists as to the diagnosis, then 
detection of urea can be performed with lab 
sticks or with biochemistry in a laboratory. 
‘An experiment was conducted to evaluate 
three commercially available test kits, the 
Azostix, Multistix and uric-acid test, for the 
detection of urine in the equine ejaculate. 
Azostix, which tests for urea nitrogen, 
consistently detected urine in the equine 
ejaculate. Urine contamination was evident 
when a color change occurred in the reagent 
pad, going from yellow to green after 10 
sec of exposure. The sensitivity of Azostix 
to urea nitrogen in contaminated samples 
was 39 mg/dl. The Multistix test kit also 
successfully detected urine in semen. In the 
Multistix nitrite pad the color changed from 

SAEVA Proceedings.indd   95 2/11/09   11:44:53 AM



96

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

yellow to orange after 3.5 min of exposure 
to urine-contaminated semen. The Uric-acid 
test kit did not accurately detect urine-
contaminated samples. It constantly elicited 
false positive results in all the control trials. 
The results of this study show that Azostix 
and Multistix are cost effective ( 1.25 per 
analysis) and accurate diagnostic aids for 
detecting urine in the stallion ejaculate’ 
(Althouse et al., 1989)

The causes of urospermia are largely unknown 
with most being idiopathic. Similar to this is 
retrograde ejaculation where the semen 
is ejaculated into the bladder (Brinsko, 
2001). Fortunately this is uncommon but 
should be suspected when stallions appear 
to ejaculate and nothing is found in the 
collection bottle. Catheterisation of the 
bladder will reveal large numbers of sperm 
(Brinsko, 2001). ‘Retrograde ejaculation 
was diagnosed in a 10-year-old Arabian 
stallion. Despite behavioral signs consistent 
with ejaculation, the collection receptacle 
of an artificial vagina remained devoid of 
semen on numerous occasions. 

Catheterization of the urinary bladder 
yielded large numbers of spermatozoa, 
even when an ejaculate was obtained, 
whereas low numbers (< 1 x 10(6)/ml) of 
spermatozoa are found in the bladder of 
clinically normal stallions after ejaculation. 
Endoscopic examination of the urethra, 
seminal colliculus, and bladder failed to 
reveal abnormalities. Medical treatment 
with imipramine hydrochloride apparently 
resulted in improvement initially, but 
was not curative. Further diagnostic and 
treatment measures were declined and the 
stallion was castrated. For stallions that 
seemingly fail to ejaculate or for ejaculates 
that contain lower seminal volumes or 
numbers of spermatozoa than expected, 
obtaining a urine sample after ejaculation 
via bladder catheterization is a simple 
diagnostic procedure that may be used to 
investigate the possibility of retrograde 
ejaculation’ (Brinsko, 2001)

Urine contamination of the semen is associated 
with a potentially reversible decrease of 
motility if an extender can be used to modify 
the effects of osmotic changes (Griggers et 
al., 2001). Concentrated semen has been 
shown to have a more pronounced effect 
on motility than dilute urine. ‘Urospermia 
has been reported as a cause of infertility in 
numerous species. The detrimental effects 

of urine on spermatozoa are due, at least 
in part, to changes in pH and osmolarity. 
Semen was collected and subjected to 
conditions of varying pH (Experiment 1), 
of varying osmolarity (Experiment 2), 
and various quantities and concentrations 
of urine (Experiment 3) and effects on 
motility were recorded. Finally, semen was 
contaminated with urine and then either 
of 2 semen extenders was added, with or 
without centrifugation, in an attempt to 
alleviate the detrimental effect of urine on 
motility (Experiment 4). The results of these 
experiments showed that alterations in pH 
and osmolarity negatively affected stallion 
sperm motility. Optimal pH and osmolarity 
appeared to be approximately 7.7 and 315, 
respectively. Contamination of the ejaculate 
with urine significantly decreased sperm 
motility. Smaller quantities of dilute urine 
were less detrimental than larger quantities 
of dilute urine, and dilute urine was less 
detrimental than more concentrated urine. 
The addition of semen extender restored 
the motility of urine contaminated semen 
to that of the uncontaminated control, 
however centrifugation to remove urine 
provided no significant advantage’ (Griggers 
et al., 2001).

Management of urospermia is simple in 
some cases. Training the stallion to urinate 
properly before breeding has worked well in 
many instances in our hands. Imipramine 
and other drugs have shown promise without 
consistent or prolonged results (Sepulveda 
et al., 1999;Turner et al., 1995). In an AI 
program fractionation of the semen may 
work as normally the urine is produced at 
the end of ejaculation. The exception to 
this is the stallion that is having trouble 
breeding.

Sperm rich fraction
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Urine produced a the end of 
ejaculation

Unfortunately once a stallion begins to urinate 
in his ejaculate it tends to continue.

Pyospermia:

Pyospermia is defined as pus or WBC’s 
in the ejaculate (plus or minus debris). 
It is not uncommon. When pyospermia 
is detected either grossly or through 
microscopic examination of the ejaculate it 
is most commonly associated with seminal 
vesiculitis or orchitis (even more rarely in 
association with epdidymitis). It is very 
uncommon for superficial infection of the 
reproductive tract to result in pyospermia.

Examination of the fractions of the ejaculate 
will help identify where the infection is 
originating from. If the pre seminal fluids 
are affected them infection of the urethra 
or more rarely the bulbourethral glands may 
be suspected.

WBC’s in the seminal fraction suggests 
orchitis, epididymitis or ampullitis. The 
sperm rich fraction is comprised largely 
of fluid originating from the testes, 
epididymides and ampullae with minimal 
contributions from the seminal vesicles, 
prostate or bulbourethral glands. WBC’s in 
the gel suggests seminal vesiculitis.

Examination of cytology from dismount 
samples is unlikely to be accurate as 
contamination from the mares vagina is 
confounding.

Examination of unstained samples can be 
inaccurate as round cells (spermatids) can 
be confused with WBC’s.

Treatment of pyospermia depends on 

the location of the infection. In cases 
of bacterial orchitis, unilateral castration 
to resolve the condition appears to be 
common in our hands, despite aggressive 
antibiotic therapy. Clinicians should be 
aware that Glanders (Pseudomonas mallei) 
can cause orchitis (Mohammad et al., 1989).
Treatment of epididymitis can be affected 
with systemic antibiotics if identified early, 
however unilateral castration is often 
necessary (Brinsko et al., 1992;Held et al., 
1990;Traub-Dargatz et al., 1991b). Seminal 
vesiculitis is discussed below. Urethritis is 
able to be treated with sexual rest, urinary 
acidifying agents and/or topical or systemic 
antibiotic therapy that is concentrated into 
the urinary tract (Sertich et al., 1998;Voss 
and Pickett, 1975).

AbNOrMAliTieS OF THe TeSTeS

Neoplasia

Neoplasia of stallions testicles is possibly 
an under represented condition as most are 
castrated. However the seminoma is one 
tumour that occurs reasonably frequently. 
Other reported neoplastic conditions of the 
testicles are Sertoli cell tumours, leydig 
cell tumours and teratomas. Seminoma’s 
frequently just appear. They are recognised 
when a manager or owner notices an 
increase in size of one of the testes. They are 
non painful and do not tend to metastasize 
frequently. The stallion responds well to 
unilateral castration. Teratomas are more 
frequently seen in abdominally retained 
testes.

Enlarged testicle
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Seminoma

Trauma

Trauma is one of the most common insults to 
a stallion’s testis. Usually this is associated 
with the act of breeding. It is usually not 
the immediate effect of trauma that hurts 
sperm production rather the effects of 
increased temperature and inflammation. 
We would expect no immediate changes to 
the spermiogram associated with trauma 
for ~ 7 days (reflecting the spermatozoa 
that have already been formed and 
are undergoing final maturation in the 
epididymis). Then we will see a decrease 
in spermatozoal numbers and progressive 
motility concurrent with an increase in 
morphological abnormalities (Friedman et 
al., 1990). How long this pattern persists for 
depends on the extent of the injury and long 
term factors associated with healing such 
as oedema, fibrosis, effect of autoimmune 
factors from damage to the blood testes 
barrier etc.

The role of the veterinarian is to provide 
aggressive therapy that minimises thermal 
injury, insulation and inflammation as soon 
as possible. Hydrotherapy, anti-inflammatory 
and antibiotic treatments all have a part to 
play in minimising damage. Ice to decrease 
inflammation and thermal injury is important. 
NSAID’s (Phenylbutazone (4.4 mg/kg,PO or 
IV)or flunixin meglumine (1.1mg/kg,IV)) 
are recognised as being critical to control 
inflammation.

Orchitis

Infectious orchitis is most often unilateral 
unless it is associated with peritonitis.

The affected testicle is hot, painful and 
swollen.
Ultrasonography is useful to diagnose and 

monitor treatment. On occasion systemic 
antibiotics will reverse the effects of orchitis 
but only rarely once an abscess has developed 
with the testes. Unilateral castration is the 
best option for these cases.

Degeneration

Testicular degeneration may be temporary 
or permanent.

Testicular degeneration is a secondary 
condition that usually is the result of a 
testicular insult. Thus preventing testicular 
degeneration when it is preventable is 
associated with early recognition of 
a testicular problem and appropriate 
aggressive treatment.

Testicular degeneration is an acquired 
unilateral or bilateral atrophy of the 
seminiferous tubules, resulting in decreases 
in sperm production, spermatozoal quality, 
and testicular size and is distinguishable 
from testicular hypoplasia only by a known 
history of prior normal testicular size and 
function.

Diagnosis of testicular degeneration is 
made by semen evaluation. Serial sampling 
may be necessary to confirm decreased 
spermatogenic efficiency and to determine 
if the observed decrease in sperm output 
from a single determination is reversible or 
the result of permanent degeneration.

Testicular biopsy and histopathologic 
examination can definitively confirm 
testicular degeneration. The principle risks 
of testicular biopsy include hemorrhage, 
increased testicular pressure, adhesions 
between the parietal and visceral vaginal 
tunic, and disruption of the blood-testis 
barrier, resulting in an immune-mediated 
reaction. The preceding complications 
have the potential to induce testicular 
degeneration if it were not already present.
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AbNOrMAliTieS OF THe 
ScrOTUM

Hydrocele

A hydrocele is an accumulation of fluid in 
the vaginal cavity (between the visceral and 
parietal vaginal tunic layers). It may be normal 
(common) due to direct communication 
with the peritoneum or associated with 
pathology such as trauma, decreased lymph 
drainage or even neoplasia. A small amount 
of fluid surrounding the visceral tunic to 
a depth of 5-10mm may be quite normal. 
In these circumstances the fluid readily 
outlines the tail of the epididymis. Fibrin 
or increased echogenicity is a cause for 
concern. On occasion a hydrocoele will form 
post castration as can look like the testicle 
was not removed at all.

Haematocele

A haematocele is an accumulation of 
blood in the vaginal cavity. This is mostly 
associated with trauma and therapy should 
be as for testicular trauma. Lavage of 
the vaginal tunic has been attempted to 
reduce adhesion formation (Blanchard et 
al., 1996). Ultrasonography can identify 
the turbid and swirling blood. If testicular 
rupture is confirmed by ultrasonography 
then unilateral castration is recommended.

AbNOrMAliTieS OF THe 
SperMATic cOrD

Torsion

The long axis of the testis is horizontal 
(not vertical like the bull) and the tail of 
the epididymis lies caudad. A testis may 
rotate up to 180 degrees without any 
clinical signs and may be normal in some 
stallions. In general a 180 degree rotation 
is not permanent in a young stallion (< 3YO 

and is more likely to be permanent in an 
older stallion. Probably due to the effects 
of Strongulus edentatous migration and 
adhesions of the parietal and visceral tunic 
(Smith, 1973). Testicular torsions of > 180 
degrees may cause vascular compromise. A 
torsion is recognised from a painful scrotum 
and may be associated with colic (Horney 
and Barker, 1975;Threlfall et al., 1990). 
Colour flow Doppler ultrasonography is a 
useful diagnostic aid. We use this modality in 
many conditions involving vascular lesions. 
‘A stallion was twice referred for evaluation 
of scrotal swelling and signs of pain. 

The first admission followed a 3-year period 
of recurrent signs of left-sided scrotal pain 
and swelling. After the removal of the 
left testis because of testicular torsion, 
the stallion was returned to service. The 
conception rate was 82% for the next 
breeding season. Two years after initial 
surgery, the stallion again was evaluated 
because of acute signs of right-sided scrotal 
pain and swelling. Right-sided testicular 
torsion was detected and corrected, and the 
testis was sutured in place. The stallion’s 
conception rate for the following breeding 
season was greater than 90%’ (Threlfall et 
al., 1990).

The principle differential diagnosis is a scrotal 
hernia and this should be differentiated with 
ultrasonography and internal inguinal ring 
examination.

The testicle is most frequently removed but 
on occasion it may be spared and transfixed 
(Threlfall et al., 1990).

AbNOrMAliTieS OF THe peNiS 
AND prepUce

Infection

By far the most common and obvious 
infection of the penis and prepuce is coital 
exanthema caused by a type 3 herpes 
virus.

Coital exanthema is a self limiting venerally 
spread disease of stallions and mares 
breeding by natural service. On accession 
this may be spread from mare to mare 
by rectal examination even if gloves are 
changes (presumably from the probe). The 
incubation period is short (2-7 days) and 
on occasion causes problems to the stallion 
when pain and swelling temporarily interfere 
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with desire to breed. Only very rarely is it 
associated with any major or long lasting 
sub-fertility.

 

Bacterial infections of the stallions genitalia 
are an important cause of concern. The 
recent outbreak of CEM in the USA highlights 
the difficulties in management.They are not 
part of this chapter.

AbNOrMAliTieS OF THe 
epiDiDYMiS

Epididymitis

Epididymitis is generally bacterial and 
rarely occurs as a primary condition. It 
is commonly associated with orchitis, 
epididymitis. Recurrent signs of abdominal 
or inguinal pain, lethargy, and subfertility 
and an enlarged, painful epididymis is 
diagnostic. Ultrasonographic findings 
include hypoechoic and hyperechoic areas 
scattered throughout the epididymal tissue 
(Held et al., 1990;Traub-Dargatz et al., 
1991a). Large numbers of inflammatory 
cells are present in the ejaculate, and 
bacterial cultures reveal Streptococcus 
zooepidemicus most commonly. Treatment 
may be attempted in acute cases with 
antibiotic therapy. The prognosis for future 
fertility in cases of epididymitis is poor, 
and even in unilaterally affected stallions 
that underwent hemicastration, a positive 
culture was still obtained several months 
following removal of the affected epididymis 
(Held et al., 1990).

AbNOrMAliTieS OF THe AcceS-
SOrY Sex glANDS

Seminal vesiculitis

Seminal vesiculitis is a frustrating condition 
to treat on occasions.

The case report presented below highlights 
our understanding and management of the 
condition.

crYOpreServATiON OF SeMeN 
FrOM A STAlliON WiTH SeMiNAl 
veSicUliTiS

L.C.Fennell, AO McKinnon, CJ Savage 
(submitted 2008 and modified for this 
chapter)

Summary

A 6 yo Warmblood stallion was admitted 
for semen collection and cryopreservation. 
On the seventh and subsequent collection 
days semen samples were contaminated 
with purulent debris. A diagnosis of 
seminal vesiculitis was made following 
ultrasonography and endoscopy of the 
seminal vesicles. The stallion was treated 
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with systemic and topical antimicrobial 
therapy, and although this did not cure 
the condition, subsequent ejaculates were 
suitable for cryopreservation.

Introduction

Semen cryopreservation is a routine 
procedure in many practices specialising 
in equine reproductive work. Furthermore, 
semen collection and cryopreservation offer 
considerable advantages over natural mating 
in prevention of transmission of pathogenic 
organisms between mares and stallions 
(Couto and Hughes 1993). The seminal 
vesicles are elongated hollow pouches about 
15 to 20 cm long and 5 cm in diameter, 
located immediately lateral and distal to the 
ampullae, opening into the urethra at the 
colliculus seminalis (Amann 1993a). 

They are responsible for the production and 
storage of gel, which is the last fraction 
contributed to a complete ejaculate (Amann 
1993b). Whilst seminal vesiculitis is an 
uncommon condition in the stallion, the 
seminal vesicles are more susceptible to 
infection than other accessory genital glands 
(Varner et al. 2000). Treatment of seminal 
vesiculitis is particularly challenging due 
to the persistent nature of infection and 
reduced fertility associated with the disease 
(Varner et al. 2000). This case report 
describes the diagnosis and management of 
a stallion with seminal vesiculitis to enable 
semen cryopreservation

Clinical findings

A six year old 610kg warmblood stallion, 
which had previously covered a small number 
of mares by hand mating was admitted 
for semen collection and cryopreservation. 
Initial physical examination did not reveal 
any abnormalities. Testicles were palpated 
as normal and total scrotal width measured 
122 mm. The stallion began a daily semen-
collection schedule and several semen 
parameters were recorded for each ejaculate 
(Table 1). Ejaculates were obtained with a 
Missouri artificial vaginai with the internal 
temperature adjusted to approximately 
45°C. Semen was collected into a plastic 
Whirlpak bagii in a collection vesseliii 
fitted with an in-line filter4 to separate gel 
from gel-free semen. The gel-free semen 
was then was decanted into a vial5. The 
total volume was recorded, and the total 
concentration was measured from a one-

ml aliquot, using a densimeteriv. A further 
aliquot of raw semen was placed in a 5-ml 
tubevand diluted with commercial extendervi 
to achieve a final sperm concentration of 
between 25-50 X 106/ml. This sample was 
held in an incubatorvii at 38 ºC for 5 minutes 
prior to motility assessment. Motility of 
spermatozoa was assessed visually under 
a phase contrast microscopeviii at 40x 
power with a heated stage set at 38 ºC. 
Spermatozoa were considered progressively 
motile if they moved rapidly across the field 
with a relatively straight trajectory. Sperm 
with lower velocity and/or circular trajectory 
patterns of movement were consider to be 
motile, but not progressive.

On Day 12 following admission, the stallion 
produced an ejaculate contaminated with 
purulent debris and blood. Semen was 
collected again six hours later and this 
ejaculate was similarly contaminated.
Purulent material from the first contaminated 
ejaculate was examined microscopically, and 
found to have a predominance of neutrophils 
(92%). There were 8% mononuclear cells. 
A heavy pure growth of Streptococcus 
species group C was cultured, and found 
to be sensitive to penicillin, ceftiofur and 
trimethoprim/sulphonamide (TMPS). 
Physical examination did not reveal any 
abnormalities. Haematological and serum 
biochemical analyses were unremarkable.

To facilitate further examination, the stallion 
was sedated with detomidineix (0.015mg/
kg bwt i.v.) and butorphanolx (0.06mg/
kg bwt i.v.). Transrectal palpation and 
ultrasonographic examinationxi of the 
seminal vesicles was unremarkable as both 
vesicles were of similar size and consistency 
and all structures of similar echogenicity 
(Figure 1).

Figure 1 Ultrasonography of the left 
seminal vesicle depicting moderate 
distension of the lumen and a slightly 
hyperechoic wall
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An 8 mm flexible endoscopexii was passed 
into the urethra. The urethral mucosa, 
urethral orifice and colliculus seminalis 
appeared normal (Figure 2).

Figure 2 Appearance of the pelvic 
urethra depicting the internal urethral 
orifice and the colliculus seminalis

Transrectal massage of the left vesicular 
gland was performed to facilitate expression 
of vesicular fluid (Figure 3). Vesicular fluid 
was grossly discoloured, being dark yellow in 
appearance. The endoscope was then passed 
inside the lumen of the left vesicular gland 
and a normal mucosal lining with discoloured 
fluid was observed. The appearance of this 
fluid, combined with culture and cytology of 
the contaminated ejaculates confirmed the 
diagnosis of seminal vesiculitis of the left 
gland.

    3A

    3B

Figure 3 Appearance of colliculus 
seminalis during massage of the 
vesicular glands, A, Stream of vesicular 
fluid expressed from the left gland. Note 
the abnormal dark yellow discolouration 
of the fluid. B Fluid expressed from the 
right vesicular gland displaying normal 
colour and consistency.

Treatment

Treatment was instituted with systemic 
procaine penicillinxiii 22 mg/kg bwt i.m. q. 
12 h and phenylbutazonexiv 1 mg/kg bwt 
per os q. 12 h for 10 days. Local infiltration 
of 8 ml (2400mg) procaine penicillinxv 
into the left and right seminal vesicle was 
performed on two occasions, two days 
apart (Figure 4). The above treatment was 
followed by trimethoprim-sulphonamidexvi 
(30 mg/kg bwt per os q. 12 h) for 14 days.

    4A
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    4B

    4C

Figure 4 Passage of a catheter and 
an endoscope into the lumen of the 
left vesicular gland. A, Endoscope 
guided passage of the catheter into the 
collicululs seminalis, B, Advancement 
of the endoscope facilitates passage 
into the vesicular gland, C, Procaine 
Penicillin can be seen exiting the 
colliculus seminalis as the endoscope 
and catheter are retracted.

Outcome

Following 3 weeks of systemic antimicrobial 
therapy ejaculates were collected for semen 
cryopreservation. A raw sample from each 
ejaculate was submitted for microbial 
culture and cytology. There was no growth 
and cytology demonstrated an absence of 
leukocytes. The ejaculates were diluted 1:1 
with a basic skim-milk extenderxvii and 

centrifuged at ~ 500 x g (bottom of the vial) 
for 15 minutes to separate seminal plasma 
from sperm. A semen-freezing extender 
(containing several ingredients, including 
egg yolk and glycerol) was then added to the 
sperm pellet to a final concentration of ~250 
x106 sperm per ml. The final concentration 
was confirmed by a haemocytometer. 
Ticarcllin (1mg/ml) and amikacin (0.5mg/
ml) were also added to the extended sample 
prior to freezing. Ejaculates were frozen 
in 0.5-ml straws in a programmable cell 
freezer. Twenty four hours after collection, 
2 straws from each ejaculate were thawed 
in a water bath at 38ºC. 

A sample from each straw was submitted 
for microbial culture and exhibited no 
growth. The sample was diluted 1:8 in 
a commercial extenderxviii and motility 
assessed as previously described. Post-thaw 
motility results of total motile spermatozoa 
were between 50-70%, and post-thaw 
progressively motile spermatozoa were 
between 30-50%. A total of 652 straws 
were frozen, which was sufficient for ~ 80 
doses, assuming 1 billion spermatozoa (8 
straws) would be utilized per insemination 
dose.

During the semen-freezing period, one 
contaminated ejaculate was collected. This 
sample appeared sanguineous rather than 
purulent. The sample was submitted for 
microbial culture and a moderate mixed 
growth of gram positive and gram negative 
organisms was isolated.

The stallion has subsequently been used for 
natural mating of 35 mares with good fertility 
(pregnancy rate per cycle not available).

Discussion

This case indicates that whilst it may be 
difficult to achieve a cure in stallions infected 
with seminal vesiculitis, it is possible to 
manage a stallion successfully to allow 
cryopreservation of his semen. Fertility with 
natural mating may also be achieved. The 
frozen ejaculates displayed acceptable post-
thaw motility characteristics. It is expected 
that semen displaying a progressive motility 
of greater than 30% will result in an 
acceptable pregnancy rate of 35% per cycle 
or greater (Samper 2001; Vidament 2005).
Stallions suffering from seminal vesiculitis 
can present with a wide range of clinical 
signs. Some stallions may demonstrate 
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reluctance to breed or ejaculate or pain on 
ejaculation (Varner et al. 1991b). Typically 
however, affected stallions do not display 
overt clinical signs, and do not display 
pain when breeding, urinating or defecating 
(Varner et al. 2000). Despite requiring 
multiple mounts prior to ejaculation into an 
AV, the observation that the stallion in our 
report displayed normal behaviour during 
hand mating suggests that he was not 
experiencing pain.

In this stallion total sperm numbers steadily 
increased in the days prior to collection of 
the contaminated ejaculates. Furthermore, 
in the earlier samples no gel fraction was 
produced. This may suggest that the earlier 
ejaculates were only partial samples.

Diagnosis of seminal vesiculitis involves 
gross and microscopic examination of the 
contaminated ejaculate. Features of the 
disease include observation of purulent, 
blood tinged debris in the ejaculate and a 
predominance of neutrophils on microscopic 
examination (Varner et al. 2000). Definitive 
diagnosis involves localisation of infection 
to a specific site in the urogenital tract. In 
this case, ultrasonographic examination was 
unrewarding, however, this technique has 
been reported as a useful tool in the diagnosis 
of seminal vesiculitis in stallions (Little and 
Woods 1987; Malmgren and Sussemilch 
1992; Pozor 2005) and bulls (Mickelsen et 
al. 1994). Other reports have also found no 
palpable difference between the affected 
and unaffected vesicle. (Varner et al. 2000). 
In this stallion, endoscopic visualisation of 
discoloured secretion in the lumen of the 
left vesicular gland, with cytologic analysis 
of the semen confirming a predominance 
of neutrophils, allowed confirmation of the 
diagnosis. Further diagnostic evaluation 
may have included catheterisation of the 
vesicular gland for sampling and cytological 
analysis and culture and sensitivity testing 
(Varner et al. 1991b). However, prior pure 
culture of Streptococcus species Type C 
from the first affected ejaculate, allowed 
this step to be omitted.

Treatment of infection of the accessory 
genital glands is frequently unrewarding 
and this finding has been widely reported 
across species (Blanchard et al. 1988; 
Cavalieri and Van Camp 1997; Wagenlehner 
et al. 2005). As yet, there have been few 
reports of effective treatment. Surgical 
treatment involving vesiculectomy has been 

reported to be effective in the stallion 
(Varner et al. 1993) and the bull (Hooper 
et al. 1994). Unfortunately, complications 
including haemorrhage, haematoma 
formation and abscessation frequently 
occur in association with vesiculectomy 
techniques (Cavalieri and Van Camp 1997) . 
Despite this, vesiculectomy remains a viable 
treatment option in stallions that do not 
respond to medical treatment and seminal 
characteristics following vesiculectomy 
appear to be good (Klug et al. 1979).

Medical treatment is centred on effective 
antimicrobial therapy. The inability of many 
antimicrobials to penetrate the vesicular 
gland and achieve effective antimicrobial 
concentrations at the site of infection remain 
one of the main reasons for treatment failure 
(Blanchard et al. 1988; Varner et al. 1991b). 
Favourable characteristics of antimicrobials 
for penetration of the accessory genital 
glands include high lipid solubility, low 
molecular size, low binding affinity with 
plasma proteins and a high pKa (Wagenlehner 
et al. 2005). Gentamicin has been shown to 
be ineffective in penetrating the vesicular 
glands (Blanchard et al. 1988; Strezmienski 
et al.) Systemic treatment with procaine 
penicillin has been effective in alleviating the 
condition in some stallions (Pozor, M. 2006, 
pers. comm.). Furthermore, it is likely that 
TMPS has favourable characteristics that 
may allow effective concentrations to be 
achieved in the vesicular glands (Varner et 
al. 1993). Local infiltration of antimicrobials 
is a useful adjunct to systemic therapy 
and may overcome problems associated 
with poor penetration (Varner et al. 1993). 
Common organisms associated with seminal 
vesiculitis include Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Streptococcus spp. 
Staphylococcus spp. and Brucella abortus 
(Varner et al. 1991b).

In our reported case, the infective organism, 
Streptococcus Group C, was susceptible to 
penicillin and TMPS, among others. These 
two drugs were selected for administration. 
In the human literature, fluoroquinolones 
are the drug of choice for treatment of 
chronic bacterial prostatitis (Wagenlehner 
et al. 2005). This is due to characteristics 
which favour penetration of the accessory 
sex glands, and also the predominance 
of resistance to other antimicrobials in 
organisms typically associated with the 
disease in humans.
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The potential detrimental effects of 
antimicrobial therapy on sperm function 
are recognised (Hargreaves et al. 1998). 
However, one study suggested that 
treatment with TMPS had no effect on motility 
characteristics (Bedford and McDonnell 
1999). Therefore, long term therapy with 
TMPS may be a sound treatment option for 
stallions infected with seminal vesiculitis 
and can be continued whilst the stallion is 
breeding.

Addition of antimicrobials to extenders for 
both chilled and frozen semen should be 
an industry standard intended to extend 
the longevity of semen and prevent 
disease transmission (Loomis 2006). It is 
likely that semen needs to be exposed to 
antimicrobials in the extender for at least 
20 minutes to facilitate effective bacterial 
killing (Blanchard et al. 1987). Blanchard et 
al. (1987) reported that breeding of mares 
with semen from stallions infected with 
seminal vesiculitis is likely to confer this 
infection to the uterus. Furthermore, their 
study revealed that addition of polymixin-B 
to extender significantly improved the 
pregnancy rate of mares bred with the 
semen.

In this stallion, freezing of ejaculates was 
not attempted until appearance, cytological 
analysis and semen culture were normal. 
Similar findings have been documented 
in bulls, in which antimicrobial therapy 
has allowed for resolution of signs such 
that cryopreservation of semen may be 
performed (Cavalieri and Van Camp 1997). 
More recently, the success of freezing sperm-
rich fractionated samples has been reported 
(Katila et al. 2002). It has been shown 
that spermatozoa from stallions infected 
with seminal vesiculitis are rarely affected 
unless the sperm is exposed to the infected 
seminal fluid (Varner et al. 1991b). Thus, 
successful cryopreservation of semen from 
stallions infected with seminal vesiculitis 
may be facilitated through sampling of 
sperm-rich fractions, in addition to the use 
of antimicrobial therapy.

This case report highlights the tools available 
for management of stallions with seminal 
vesiculitis. It has been demonstrated that 
many diseases of stallions may be overcome 
with the use of artificial breeding techniques 
(Varner et al. 1991a). In our reported case, a 
stallion infected with seminal vesiculitis was 
successfully managed with local infiltration 

and systemic treatment with antimicrobials. 
The ejaculates were frozen with the addition 
of antimicrobials, as is routine practice. 
Transmission of diseases may be prevented 
through the judicious use of antimicrobials 
in extender combined with sound minimum 
contamination breeding techniques. In 
addition, collection and analysis of ejaculates 
prior to breeding allows for close monitoring 
of semen quality and this facilitates prompt 
detection of abnormalities which may 
otherwise be undiagnosed and may manifest 
as inconsistencies in fertility.
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Relevance of rectal 
examination in the colic horse 

– why, when, how
Rosmarie Gerber

In the literature, rectal palpation is pointed 
out as an essential diagnostic procedure 
in each case of equine colic (Kopf, 1997). 
In particular it is described as the most 
useful diagnostic tool to determine the type 
of an obstruction (Blikslager and Jones, 
2004; White, 1990), and as extremely 
important in deciding which horse requires 
surgery (Adams, 1999). The decision may 
be based solely on rectal findings, or the 
rectal findings offer supporting evidence in 
the light of the whole clinical assessment. 
In such cases additional diagnostic 
methods e.g. abdominal fluid analysis and 
ultrasonographic evaluation are indicated.

Authors agree that the value depends on 
the experience of the examiner (Murray, 
2002; Kopf, 1997) and the procedure should 
be regarded as premier diagnostic skill.

During clinical examination of the horse with 
colic, rectal palpation should be performed 
after naso-gastric intubation for possible 
stomach decompression, as in severe colic 
increased abdominal pressure during rectal 
exam could induce rupture. It should, 
though, precede abdominocentesis to detect 
severely distended viscera, which could be 
lacerated during peritoneal fluid collection.

The procedure is considered as very low-
risk (Klug, 2005). However, there is a small 
potential for rupture in every rectal exam. 
The reason can be traumatic or idiopathic. 
The most common localization is at the 
transit from rectum to descending colon, 
30-40cm cranial of the anus, in dorso-lateral 
direction. Risk factors are colic, straining 
and dehydration; Arabs, stallions/geldings 
and young horses are over-represented.

Causing a rectal tear is considered malpractice 
if the veterinarian obviously acted negligent. 
Most legal claims do not target the tear per 
se, but the lack of recognition/appropriate 
reaction of the examiner.
During the rectal examination the 

veterinarian is responsible for the safety of 
horse and people involved. Proper restraint 
is crucial, involving handler, twitch, stock 
and, if necessary, adequate sedation and 
sometimes additional pain management.

The exploring, gloved hand must be well 
lubricated and moved in a cone-shape, 
always following waves of peristalsis 
towards caudally. Straining can be 
decreased with an enema of lidocaine in 
water or N-butylscopolammonium bromide 
(Buscopan®) iv (Luo et al., 2006). All faecal 
material must be removed from the rectum 
prior to exploration, and the rectal contents 
and mucosa examined.

Rectal palpation should be performed 
systemically, always using the same 
sequence. Only 30-40% of the abdominal 
cavity can be explored, but subtle signs may 
yield information about conditions in deeper 
regions and prompt the use of additional 
diagnostic methods.

In the healthy horse, the following 
structures should be palpated, starting 
cranially, in the dorso-medial aspect, and 
proceeding anticlockwise (Figure 1): a) small 
colon identified by faecal balls, b) aorta, c) 
cranial mesenteric root (reachable in small 
horses), d) caudal pole of left kidney, e) 
nephrosplenic ligament, f) tapered caudal 
edge of spleen, g) left large colon and pelvic 
flexure, h) caecum, i) its ventral taenia.

These structures must be examined 
regarding position, location, shape, size, 
feeling/ consistency, tenseness of taeniae 
and mesentery. NB: small intestines are 
normally not palpable.

In the colic horse, the examiner should 
check for the following abnormalities:

• distended small or large intestines, 
abnormal consistency of gut contents/
wall

SAEVA Proceedings.indd   107 2/11/09   11:44:56 AM



108

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

• impaction or displacement of pelvic 
flexure

• gut loop covering nephrosplenic ligament; 
ventro-medial displacement of spleen

• caecal distension or impaction
• tight taenial bands; gelatinous, “rubbery” 

mesentery; pain on tension
• “gritty” feeling of sand in colon
• stallions: abnormal inguinal rings
• masses, adhesions
• rough, painful peritoneum, crepitus
• “empty” feeling in dorsal abdomen

Any abnormal rectal findings must then 
be considered in the frame of the whole 
clinical assessment and may prompt further 
investigation, e.g. clinicopathological 
evaluations, diagnostic imaging of structures 
out of reach for palpation.

However, some diagnoses indicative for 
surgery may be made by rectal evaluation by 
an experienced examiner directly: Large colon 
displacement (nephrosplenic entrapment: 
Figure 2, right dorsal displacement, torsion); 
small intestinal obstructions: Figure 3 (e.g. 
inguinal incarceration, intussusception, ileal 
impaction, strangulating lipoma).

Unspecific rectal findings may also indicate 
the immediate need for surgery: absence of 
faeces, severely distended small intestines 
or -large intestines with abnormally tight 
and/or painful taeniae, and nonspecific 
abnormal masses.

When the clinical assessment and additional 
diagnostic techniques yielded inconclusive 
results in a case of colic not warranting 
immediate surgery, frequent rectal 
re-examination (every 1-2h) during the 
development of the condition may lead to 
a diagnosis.

Figure 1
Normal rectal findings

Figure 2
Nephrosplenic entrapment

Figure 3
Small intestinal obstruction

It can be concluded that rectal examination 
is the most specific diagnostic tool in 
equine obstructive intestinal diseases. Since 
the value of the method depends on the 
experience of the examiner, one should 
strive to become adept at rectal palpation. 
It is considered a safe procedure provided 
that the principle rules of restraint and 
careful palpation are followed. The technique 
cannot be replaced but may be completed 
by ultrasonographic evaluation.
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Introduction.

Although the Arabs may have practiced 
artificial insemination (AI) in both horses 
and humans BC (Bowen, 1969), the first 
real record of investigation in this area was 
by Spalanzani in about 1776. In addition to 
his work with AI he found that by placing 
stallion semen in the snow he did not kill 
the “spermatic vermicules”, but merely 
made them inactive and upon warming 
them their motility returned (Bowen, 1969). 
It took centuries to exploit this finding and 
contrary to popular belief, it was the bovine 
industry that developed a commercial 
application for cooled transported semen 
prior to successful cryopreservation. Cooled 
transported semen is firmly entrenched and 
recognised throughout the world by various 
breed societies and is a technique that 
is becoming much more popular. Equine 
practitioners must understand the principles 
and procedures involved with breeding with 
cooled semen.

Rapid cooling of spermatozoa causes 
irreversible damage; however cooling at 
an appropriate rate makes it possible to 
store spermatozoa for extended periods. A 
storage temperature of 50 C (refrigerator 
temperature) or 00 C (the temperature of 
iced water) are convenient temperatures 
to maintain and are less costly with the 
exception of ambient room temperature 
(usually 20-240 C). Metabolic rates increase 
as temperature increases unless chemicals 
are used to inhibit the reactions. Therefore 
reduced temperature has been the principal 
means of slowing chemical reactions thus 
extending the fertile life of spermatozoa. 
Obviously the longer semen can be stored 
and retain its fertility the more flexibility we 
have in collecting and transporting semen, 
selecting sires and synchronising breeding 
with ovulation.

Advantages:

1) Eliminates the cost and stress of mare 
and or foal transport.

2) The genetic pool is increased due to 
increased availability of stallions.

3) The use of genetically inferior stallions 
may be reduced.

4) Agistment costs for the mare are 

reduced and the owner has control over 
financial expenditure and other services 
such as veterinary examinations.

5) The likelihood of the mare being 
returned in poor condition, the foal 
contracting disease or other unfortunate 
circumstances such as injuries, are 
dramatically reduced and are directly 
under control of the owner.

6) The likelihood of disease transmission 
between farms is dramatically 
reduced.

Disadvantages:

1) Considerable technology and skill 
are required to appropriately collect, 
evaluate, extend and prepare semen 
for transport.

2) Costs for collection and transport are 
generally high.

3) Semen from some stallions will not be 
suitable for cooling and transport.

4) Owners in remote areas may not have 
the ability to determine the stages of 
the mares cycle or the veterinarian 
may not have experience to determine 
the appropriate time for breeding.

5) The amount of effort in communication 
between the veterinarians, mare owner 
and stallion manager is enormous and 
can be difficult in the middle of a busy 
breeding season.

6) There is considerable emotive 
involvement of clients. Cooled 
transported semen is unlikely to 
improve fertility and yet clients often 
become frustrated and upset if their 
mare fails to become pregnant in just 
one cycle.

Why is semen cooled?

Fresh semen stored at 370C deteriorates 
rapidly. Most raw ejaculates will have no 
motile sperm after 3-4 hours at 370C and 
5-6 hours at room temperature (20-240 
C). Cooling stallion sperm to 50C induces 
a transition in sperm membranes from the 
liquid crystalline to the gel state. Since 
damage can arise from these changes why 
would we want to cool semen? At body 
temperature spermatozoal metabolism is 
maximal and at room temperature it is 
much lower. Waste products (lactic acid 

Cooled, Transported Semen
AO McKinnon
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and or CO2) can increase the acidity of 
semen causing permanent cellular damage; 
peroxidation of membrane lipids occurs 
resulting in membrane damage and cells in 
general wear out. When the temperature of 
cells is reduced, for each 100C reduction, 
cellular metabolism is reduced by 50%. 
Therefore if spermatozoa are stored at 50C 
their metabolic needs are only about 10% of 
what they would have been at 370C (body 
temperature). Consequently, spermatozoa 
stored at 50C do not produce as many 
waste products, lipid peroxidation occurs 
more slowly and the cells do not wear out 
as quickly. All of these tend to lengthen 
the life of fertile spermatozoa compared to 
those stored at body temperature or room 
temperature. Cooling however stresses 
spermatozoa and often causes cellular 
damage. 

Cellular injury can be caused by directly 
affecting cellular structure (such as rupturing 
membranes) or indirectly by altering cellular 
functions (such as slowing down metabolic 
processes). Rapid cooling of stallion 
spermatozoa from room temperature to 
50C induces partially irreversible damage 
characterised by an abnormal pattern of 
swimming (circular or backwards), rapid 
loss of motility, acrosome damage, plasma 
membrane damage, reduced metabolism 
and loss of intracellular components. 
Collectively this damage is referred to as 
“cold shock”. Indirect cooling damage is 
more difficult to discern and may not be 
evident for some time (sometime hours) 
after the spermatozoa have reached 50C or 
after they are re-warmed to 370C. Some 
of the damage occurring to spermatozoa 
during cooling and cold shock is due to 
changes that occur to the plasma membrane 
in the transition from the liquid-crystalline 
to the gel state. 

This damage can be minimised by including 
additives to the extender and also by careful 
slow cooling through the temperature zone 
where the transition from the fluid phase to 
the solid phase occurs. Egg yolk is a common 
lipid additive to stallion’s spermatozoal 
extenders. The protective action is provided 
by the low-density lipoproteins in egg 
yolk, in particular phospholipid (stabilise 
spermatozoal membranes). Extenders 
containing skim milk have also been used to 
protect spermatozoa from cold shock. Little 
research has been conducted in investigating 
the mechanism by which milk protects 

spermatozoa but it is likely that lipoproteins 
in milk act similarly to those in egg yolk. It 
appears that the critical temperature range 
for induction of cold shock is rapid cooling 
between 200C and 50C. Semen should be 
cooled slowly in this range.

Currently several cooling devises are 
available which use either a passive cooling 
system (semen is cooled by passive heat 
transfer to a coolant) or an active cooling 
system (electricity is used to regulate cooling 
similar to a small refrigerator) to cool semen 
from about 200c to 50c in a controlled 
manner. Passive cooling systems (i.e., 
the Equitainer) have limitations as larger 
volumes will cool more slowly than smaller 
volumes and cooling rate is affected by 
the initial temperature of the spermatozoal 
suspension. In addition these systems cool 
the semen in a curvilinear fashion with the 
semen cooling at the greatest rate initially 
and progressing to slower rates as the 
spermatozoa near the final temperature 
(Figure 1). Despite this, these systems work 
very well, are relatively inexpensive and are 
commercially available. An average cooling 
rate of -0.080C between 200C and 120C 
with this system was reported (Douglas-
Hamilton et al., 1984) as being appropriate 
for stallion spermatozoa.

Figure 1. The interaction of temperature 
versus time with a passive cooling 
system.

Active cooling systems (548 MOD-X Semen 
Cooler. Animal Reproduction Systems Chino 
California) have permitted investigations 
on the effects of cooling rate utilising 
programmed linear cooling rates over defined 
temperature ranges. Such experiments 
revealed that stallion spermatozoa, initially 
diluted in a skim milk extender, can be 

arise from these changes why would we want to cool semen? At body temperature spermatozoal
metabolism is maximal and at room temperature it is much lower. Waste products (lactic acid and or 
CO2) can increase the acidity of semen causing permanent cellular damage; peroxidation of membrane
lipids occurs resulting in membrane damage and cells in general wear out. When the temperature of 
cells is reduced, for each 100C reduction, cellular metabolism is reduced by 50%. Therefore if 
spermatozoa are stored at 50C their metabolic needs are only about 10% of what they would have been 
at 370C (body temperature). Consequently, spermatozoa stored at 50C do not produce as many waste 
products, lipid peroxidation occurs more slowly and the cells do not wear out as quickly. All of these 
tend to lengthen the life of fertile spermatozoa compared to those stored at body temperature or room
temperature. Cooling however stresses spermatozoa and often causes cellular damage. Cellular injury 
can be caused by directly affecting cellular structure (such as rupturing membranes) or indirectly by 
altering cellular functions (such as slowing down metabolic processes). Rapid cooling of stallion 
spermatozoa from room temperature to 50C induces partially irreversible damage characterised by an 
abnormal pattern of swimming (circular or backwards), rapid loss of motility, acrosome damage,
plasma membrane damage, reduced metabolism and loss of intracellular components. Collectively this 
damage is referred to as “cold shock”. Indirect cooling damage is more difficult to discern and may
not be evident for some time (sometime hours) after the spermatozoa have reached 50C or after they 
are re-warmed to 370C. Some of the damage occurring to spermatozoa during cooling and cold shock 
is due to changes that occur to the plasma membrane in the transition from the liquid-crystalline to the 
gel state. This damage can be minimised by including additives to the extender and also by careful
slow cooling through the temperature zone where the transition from the fluid phase to the solid phase 
occurs. Egg yolk is a common lipid additive to stallion’s spermatozoal extenders. The protective action 
is provided by the low-density lipoproteins in egg yolk, in particular phospholipid (stabilise 
spermatozoal membranes). Extenders containing skim milk have also been used to protect spermatozoa
from cold shock. Little research has been conducted in investigating the mechanism by which milk
protects spermatozoa but it is likely that lipoproteins in milk act similarly to those in egg yolk. It 
appears that the critical temperature range for induction of cold shock is rapid cooling between 200C
and 50C. Semen should be cooled slowly in this range. 

Currently several cooling devises are available which use either a passive cooling system (semen
is cooled by passive heat transfer to a coolant) or an active cooling system (electricity is used to 
regulate cooling similar to a small refrigerator) to cool semen from about 200c to 50c in a controlled 
manner. Passive cooling systems (i.e., the Equitainer) have limitations as larger volumes will cool 
more slowly than smaller volumes and cooling rate is affected by the initial temperature of the 
spermatozoal suspension. In addition these systems cool the semen in a curvilinear fashion with the 
semen cooling at the greatest rate initially and progressing to slower rates as the spermatozoa near the 
final temperature (Figure 1). Despite this, these systems work very well, are relatively inexpensive and 
are commercially available. An average cooling rate of -0.080C between 200C and 120C with this 
system was reported (Douglas-Hamilton et al., 1984) as being appropriate for stallion spermatozoa.
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Figure 1. The interaction of temperature versus time with a passive cooling system.
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cooled rapidly (-0.70C/min) from 370C to 
190C without any deleterious effects on 
% of motile spermatozoa. Between 190C 
and 80C, however the cooling rate had to 
be reduced to 0.050C/min to prevent loss 
of motile sperm. After spermatozoa had 
reached 80C rapid cooling could be resumed 
(Figure 2).

Figure 2. The interaction of temperature 
versus time with an active cooling 
system.

Type of extender

When semen is collected for utilisation on 
the farm with AI, in many cases it is not 
essential, although it is often desirable, to 
place the semen in an extender. To allow 
spermatozoa to withstand the rigours of 
cooling below room temperature and to 
survive any length of time at all, semen 
must be mixed with a seminal extender. An 
extender should provide;
1) an osmotic pressure compatible with 

spermatozoa,
2) a proper balance of ions and mineral 

elements,
3) a proper balance of electrolytes and 

non-electrolytes,
4) a proper combination of nutrients,
5) chemicals for neutralising the toxic 

by-products of spermatozoa,
6) ingredients to minimise the damage 

to spermatozoa for cooling beneath 
200C,

7) ingredients to stabilise enzyme 
systems and integrity of spermatozoal 
membranes and 

8) a carrier free of infectious organisms.
 An extender must maintain the 
 quality of spermatozoa for longer 
 when compared with survival in the raw  
 state (suspended in seminal plasma).

The following advantages are associated 
with extending stallion semen;

1) to permit effective antibiotic or 

antibacterial treatment of semen 
contain either pathogenic or potentially 
pathogenic organisms,

2) to prolong the life of spermatozoa,
3) enhance the viability from some low 

fertility stallions,
4) to protect the spermatozoa from 

unfavourable environmental 
conditions,

5) increase the volume of the inseminate, 
and

6) to aid in proper evaluation of 
spermatozoal motility.

Numerous seminal extenders (Table 1) have 
been used with semen intended for storage 
at either 200C or 50C and most have been 
based on milk by-products plus glucose, 
egg yolk plus a buffer or cows milk. Results 
reported in most studies should be viewed 
with caution as many studies have used 
progressive motility (PMS) as a predictor 
of fertility rather than pregnancy rate per 
cycle. 

Even studies that include fertility data 
should be examined with caution because 
frequently there are no controls or inadequate 
experimental animals. The costs of breeding 
a sufficiently large number of mares to truly 
determine an individual stallions fertility are 
prohibitive. The confidence interval for any 
fertility is extremely variable, particularly if 
less than 50 services are involved (Table 2, 
Figure 3 and 4). 

Despite these limitations it is evident that 
extenders based on a combination of non-
fat dried milk solids (powdered milk) and 
glucose and either identical to or derived 
from the formula provided by Kenny in 1975 
(Table 1) are useful in prolonging fertile life 
of stallion spermatozoa after cooling slowly 
to 50C. Currently it is apparent that some 
stallions tolerate cooling quite well, while 
others, although having normal fertility with 
fresh semen, have quite poor fertility with 
cooled semen.

Most of the commercial powered NFDSM 
are manufactured by Animal Reproductive 
Systems ARS Chino Ca) and are the EZ Mixin 
range which differ mostly according to the 
antibiotic added. EG OF (Original Formula) 
has polymixin BF (Basic Forumla) has no 
antibiotics CST (Cooled Stored Semen) has 
amikacin

Active cooling systems (548 MOD-X Semen Cooler. Animal Reproduction Systems Chino 
California) have permitted investigations on the effects of cooling rate utilising programmed linear 
cooling rates over defined temperature ranges. Such experiments revealed that stallion spermatozoa,
initially diluted in a skim milk extender, can be cooled rapidly (-0.70C/min) from 370C to 190C without 
any deleterious effects on % of motile spermatozoa. Between 190C and 80C, however the cooling rate 
had to be reduced to 0.050C/min to prevent loss of motile sperm. After spermatozoa had reached 80C
rapid cooling could be resumed (Figure 2).
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Figure 2. The interaction of temperature versus time with an active cooling system.

Type of extender 
When semen is collected for utilisation on the farm with AI, in many cases it is not essential, 

although it is often desirable, to place the semen in an extender. To allow spermatozoa to withstand the 
rigours of cooling below room temperature and to survive any length of time at all, semen must be 
mixed with a seminal extender. An extender should provide; 

1) an osmotic pressure compatible with spermatozoa,
2) a proper balance of ions and mineral elements,
3) a proper balance of electrolytes and non-electrolytes, 
4) a proper combination of nutrients, 
5) chemicals for neutralising the toxic by-products of spermatozoa,
6) ingredients to minimise the damage to spermatozoa for cooling beneath 200C,
7) ingredients to stabilise enzyme systems and integrity of spermatozoal membranes and 

8) a carrier free of infectious organisms.
An extender must maintain the quality of spermatozoa for longer when compared with survival 

in the raw state (suspended in seminal plasma).
The following advantages are associated with extending stallion semen;

1) to permit effective antibiotic or antibacterial treatment of semen contain either 
pathogenic or potentially pathogenic organisms,

2) to prolong the life of spermatozoa,
3) enhance the viability from some low fertility stallions, 
4) to protect the spermatozoa from unfavourable environmental conditions,
5) increase the volume of the inseminate, and 
6) to aid in proper evaluation of spermatozoal motility.

Numerous seminal extenders (Table 1) have been used with semen intended for storage at either 
200C or 50C and most have been based on milk by-products plus glucose, egg yolk plus a buffer or 
cows milk. Results reported in most studies should be viewed with caution as many studies have used 
progressive motility (PMS) as a predictor of fertility rather than pregnancy rate per cycle. Even studies 
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Table 1
Extender formulations

1) Non Fat Dry Skim Milk (NFDSM)- 
Glucose Extender (Adapted from:(Kenney 
et al. 1975))
NFDSM    2.4g
Glucose    4.9g
Sterile De-ionised Water qs  100 ml
Antibiotics per 100 ml (select one or two)
a) Penicillin, crystalline  150,000 IU
b) Streptomycin, crystalline  150,000 μg
c) Gentamicin Sulphate  100,000 μg
8.4% NaHCO3    2 ml
(Mix all liquids before adding NFDSM)
d) Polymixin B Sulphate  100,000 IU

2) Cream-Gel Extender (Adapted from 
(Voss and Pickett, 1976))
1.3 g Knox gelatin
10 ml deionised water
90 ml half-and-half cream
a) Add gelatin to deionised water
b) Autoclave gelatin and deionised water for 
20 min.
c) Heat half-and-half in double boiler for 10 
min at 920C (not > 950C)
d) Remove scum from surface
e) Add half-and-half to gelatin (total 100 
ml)

3) Skim Milk Extender (Adapted 
from:(Voss and Pickett, 1976))
100 ml of Skim Milk (non-fortified)
Heat Skim Milk in a double boiler for 10 min 
at 920C (not > 950C)

4) Skim Milk Gel Extender (Adapted 
from:(Voss and Pickett, 1976))
1.3 g Knox gelatin
100 ml of Skim Milk (non-fortified)
a) Add Skim Milk and agitate for 1 min.
b) Heat Skim Milk in a double boiler for 10 
min at 920C (not > 950C). Swirl mixture 
periodically during the process.

TABLE 2. SELECTED 95% 
CONFIDENCE INTERVALS 
FOR A THEORETICAL 
BINOMIAL SUCH AS 
PREGNANCY

* Implies that if 10 mares are bred for 
one cycle the fertility may be represented 
by results of anywhere from 0 to 4 mares 
pregnant with a true fertility of 15% per 
cycle. Adapted from (Pickett et al., 1987)
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Recently a new approach to semen extenders 
was reported (Batellier et al., 1997) and 
native phosphocaseinate was the milk 
component offering the most protective 
effects on cooled-stored equine sperm 
‘Milk-based semen diluents are known to 
be practical and effective in protecting 
equine spermatozoa during storage. 
Due to complex composition of milk, the 
components which are beneficial or harmful 
to spermatozoa are unknown. To address 
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these unknowns the effect of various milk 
fractions on motility of stallion spermatozoa 
was evaluated. The fractions tested were 
native phosphocaseinate (NPPC), beta-
casein, whey protein concentrate (WPC), 
alpha-lactalbumin, beta- lactoglobulin, 
microfiltrate, and ultrafiltrate. The 
standard reference diluents were INRA 82, 
commercial skim milk, and Hank’s salts 
solution supplemented with Hepes, glucose, 
lactose (HGLL) supplemented with BSA. 
After 48 and 96 h storage at 4 or 15 
degrees C some milk fractions (ultrafiltrate, 
microfiltrate, and a-lactalbumin fraction) 
decreased spermatozoal survival. Others 
(beta-lactoglobulin (BL) and native 
phosphocaseinate) were protective. 
Native phosphocaseinate (NPPC) at milk 
concentration afforted better protection 
than did the standard reference diluents. 

The optimal concentration of beta-
lactoglobulin afforted significantly better 
protection than did BSA. The protection 
afforded by native phosphocaseinate was 
not synergistic with beta-lactoglobulin. This 
implies a similar mechanism of protective 
action of these two components. Semen 
diluted in HGLL supplemented with NPPC 
(HGLL-NPPC) or in INRA 82 and stored 24 h 
at 15 degrees C or 4 degrees C, respectively, 
produced no difference of spermatozoal 
motility. However, fertility of semen stored 
in HGLL-NPPC (60%) was higher (p < 0.05) 
than that stored in INRA 82 (36%).(Batellier 
et al., 1997) This resulted in the commercial 
development of INRA 96 (IMV Technologies 
France) which is one of the most popular 
extenders in use today. There have been 
questions raised that the level of antibiotics 
in INRA 96 may not be optimal for all 
stallions. In these cases the addition of 
Timentin (Ticarillin and Clavulonic acid) at 1 
mg/mL or Amikacin at 1 mg/mL appears to 
be effective. 

Caution is advised when using injectable 
Gentamicin as it has preservatives that 
are toxic to sperm and only reagent grade 
powders should be used in preparing some 
antibiotics for semen extenders. Another 
recent addition is the extender marketed as 
EquiPro (Minitub Germany) which is similar 
to INRA 96, however the exact formula 
has yet to be published. A problem of 
semen extenders based on milk or egg yolk 
is the fact that these biological products 
consist of a variety of substances. Extenders 
containing only components with clearly 

protective effects on spermatozoa would 
thus be an advantage. In this study, we 
have compared the effects of an extender 
containing defined caseinates and whey 
proteins only (EquiPro, defined milk protein 
extender) with skim milk extender on equine 
spermatozoa during cooled storage. 

The defined milk protein extender was used 
with and without the antioxidant N-acetyl 
cysteine (NAC). In a second experiment, 
semen was diluted with PBS or defined 
milk protein extender and was either stored 
directly or 90% of seminal plasma was 
removed by centrifugation and replaced 
by defined milk protein extender before 
storage. In both experiments, eight stallions 
were available for semen collections. 
Motility, velocity and membrane integrity 
of spermatozoa were determined by CASA 
immediately after semen processing and 
after 24, 48 and 72 h of storage at 5 degrees 
C. Total motility after 24 h of storage was 
lowest in semen diluted with PBS (p<0.05 
versus all extenders). At 48 and 72 h, 
motility of spermatozoa in defined milk 
protein extender was significantly (p<0.05) 
higher than in PBS or skim milk extender. 
Velocity of spermatozoa after storage was 
highest in defined milk protein extender. 

Membrane integrity after storage was 
significantly (p<0.05) lower in semen diluted 
with PBS than in semen diluted with both 
extenders. Addition of NAC was without effect 
on the examined parameters. Centrifugation 
further increased the percentage of motile 
and membrane-intact spermatozoa in the 
defined milk protein extender (p<0.05). 
Velocity of spermatozoa in this extender was 
not negatively affected by centrifugation.
(Pagl et al., 2006) A soybean lecithin -based 
extender is commercially available for the 
horse (AndroMed E, Minitüb). However, 
quality of cooled-stored semen processed 
with AndroMed E has been reported lower 
compared to semen processed with milk-
based extenders if storage time exceeds 
24 hours. ‘To maintain the fertility of 
stallion spermatozoa during cooled storage, 
extender media are added to semen. In 
this study, three semen extenders were 
compared: EquiPro which contains defined 
caseinates and whey proteins instead of 
dried skim milk. The extender is provided 
in dry form and dissolved in distilled water 
prior to use. EquiPro TM has the same 
composition as EquiPro but is provided 
in a sterilized ready-to-use liquid form. 
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AndroMed-E contains soybean lecithin as 
protein source. Semen was collected from 
seven stallions. Ejaculates were divided into 
three aliquots, diluted with the different 
extenders and stored at 5 degrees C for 
4 days. Total motility, membrane integrity, 
average path velocity (VAP), curvilinear-
velocity (VCL), straight-line velocity (VSL), 
distance average path (DAP), distance 
curved line (DCL) and distance straight 
line (DSL) were determined by computer-
assisted analysis. Total motility decreased in 
all extenders during storage. 

The parameters VAP, VCL, VSL, DAP, DCL and 
DSL in semen diluted in EquiPro TM at most 
times and in semen diluted in AndroMed-E 
at some times were lower than in semen 
diluted in EquiPro (p < 0.05). Viability on 
days 0 and 4 was lowest in semen diluted in 
AndroMed-E (p < 0.05). Velocity decreased 
faster when semen had been diluted in 
the sterilized liquid extender EquiPro TM 
or in AndroMed-E compared with the dry 
formula of EquiPro. Therefore the liquid 
sterilized EquiPro despite no difference in 
its chemical composition differs from the 
dry, non-sterilized EquiPro extender. Heat 
sterilization apparently changes effects of 
the extender on spermatozoa’(Aurich et al., 
2007)

Removal seminal plasma

High concentration of seminal plasma 
is mostly detrimental to fertility and 
motility(Jasko et al., 1992a) in cooled 
stored semen samples. If dilution of seminal 
plasma is not possible due to low sperm 
concentration then centrifugation must be 
used to remove seminal plasma. For most 
stallions keeping between 5-20% of the 
seminal plasma has a beneficial effect.

The adverse effects of seminal plasma 
on cooled spermatozoa may be partially 
attributed to endogenous lipase activity 
(Carver and Ball, 2002). Occasionally the 
use of a modified Tyrode’s medium (Padilla 
and Foote, 1991) for re-suspension of 
centrifuged semen may result in improved 
quality of cooled-stored semen and this 
necessitates complete removal of seminal 
plasma (Rigby et al., 2001). ‘Slow-cooled 
stallion spermatozoa, with and without 
seminal plasma removed by centrifugation, 
were diluted in Kenney’s extender (KE) 
containing nonfat dry skim milk with glucose 
and antibiotics or in KE supplemented by 

adding a modified high-potassium Tyrode’s 
medium (KMT). 

Four ejaculates from each of four stallions 
were collected and divided factorially 
across these four treatments. Percentage 
of motile sperm, path velocity, and linearity 
immediately after treatment (0 h) and after 
storage at 4 degrees C for 24, 48, and 72 
h were evaluated objectively by use of a 
HTM-2030 sperm motility analyzer. Stallions 
were a significant source of variation (P 
less than .01) throughout. After sperm 
had cooled, effects of stallion, extender, 
centrifugation, and their interactions were 
all found to be significant (P less than .01). 
The motility at 0, 24, 48, and 72 h for 
centrifuged KE was 74, 47, 39, and 24%; 
for uncentrifuged KE was 76, 56, 50, and 
37%; for centrifuged KMT was 76, 75, 72, 
and 64%; and for uncentrifuged KMT was 
80, 50, 26, and 13%, respectively. The 
extender x centrifugation interaction, after 
24, 48, and 72 h of storage, accounted for 
half or more of the variation. 

Whereas centrifugation of semen extended 
in KE seemed to be harmful to sperm, 
motility of sperm extended in KMT after 
centrifugation was remarkably conserved 
for 72 h and was superior to all other 
treatments (P less than .05). This extender 
is promising for preserving liquid stallion 
semen when it must be transported before 
use in artificial insemination’.(Padilla and 
Foote, 1991)

‘This study evaluated motility and fertility of 
uncentrifuged and centrifuged equine semen 
following dilution in a skim milk-glucose 
extender with or without supplemental 
Tyrode’s medium. In addition, the effect of 
seminal plasma addition to each extender 
was evaluated. For Experiment 1, motility 
of 48h cooled, stored spermatozoa was 
evaluated following eight dilution treatments: 
uncentrifuged and diluted 1:4 (v/v) in 
skim milk-glucose extender (EZ Mixin CSTJ; 
CST-1:4) or in CST supplemented 65:35 
(v/v) with modified Tyrode’s medium (KMT-
1:4); uncentrifuged and diluted to 25x10(6) 
spermatozoa/ml in CST (CST-1:9) or in KMT 
(KMT-1:9); centrifuged and diluted in CST 
with 0% seminal plasma (CST-0) or 20% 
seminal plasma (CST-20) or centrifuged 
and diluted in KMT containing 0% seminal 
plasma (KMT-0) or in KMT containing 20% 
seminal plasma (KMT-20). Sperm motility 
parameters evaluated included percentage 
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of total motile sperm (% TMOT), percentage 
of progressively motile sperm (% PMOT), 
curvilinear velocity (VCL) and straight-line 
velocity (VSL). Mean % PMOT was lower 
(P<0.05) for spermatozoa extended in 
CST-1:4 compared to CST-1:9, whereas, 
all motility parameters were reduced 
(P<0.05) in KMT-1:4 compared to KMT-
1:9. Spermatozoa extended in CST-1:4 
had greater % TMOT, % PMOT and VSL 
(P<0.05) than in KMT-1:4. Spermatozoa 
extended in CST-1:9 had greater (P<0.05) 
% PMOT than in KMT-1:9, however, VCL was 
greater (P<0.05) in KMT-1:9. 

Mean VCL and VSL were lower (P<0.05) for 
spermatozoa extended in CST-0 compared 
with CST-20, whereas, spermatozoa 
extended in KMT-0 had greater (P<0.05) 
% TMOT, % PMOT and VSL compared 
to spermatozoa extended in KMT-20. 
Mean % TMOT and % PMOT were greater 
(P<0.05) in CST-20 compared to KMT-
20, however, KMT-0 increased (P<0.05) 
velocity measures (VCL and VSL) compared 
to CST-0. In Experiment 2, fertility of 
centrifuged spermatozoa diluted in either 
CST-20 or KMT-0 was similar (P>0.05). 

We conclude that modified Tyrode’s medium 
was not detrimental to establishment of 
pregnancy. Use of modified Tyrode’s medium 
may improve spermatozoal motility and 
pregnancy rates for cooled transport of semen 
from stallions in which all seminal plasma 
must be removed because of suspected toxic 
effects of seminal plasma on spermatozoal 
viability, however, Tyrode’s medium may be 
detrimental to sperm motility when seminal 
plasma is present’(Rigby et al., 2001)

Volume of extender

The amount of extender necessary in 
relation to the volume of semen to be 
cooled will vary with the composition of 
the extender and the concentration of 
spermatozoa. Although there are many 
extenders available, only one (Kenney et 
al., 1975) has been thoroughly investigated 
at different dilution rates for its ability to 
maintain spermatozoal motility after cooling 
and prolonged storage. Varner (Varner et 
al., 1988) reported on the effect of different 
dilution rates on spermatozoal motility after 
cooling and storage (Figure 5).

Effect of dilution on PMS%

Figure 5. Effect of spermatozoal dilution 
with extender on % PMS after storage.

These workers concluded that the greater 
the dilution rate the better the maintenance 
of spermatozoal motility and that an ideal 
dilution rate was one that resulted in 25X106 
spermatozoa per ml. In order to study the 
effects of seminal plasma on spermatozoal 
motility for stored samples, workers at 
Colorado State University (CSU) (Jasko 
et al. 1992a) diluted semen at various 
levels (Figure 6) whilst maintaining the 
same concentration of spermatozoa per ml 
(initial semen concentrations were varied). 
Their results suggested higher dilution rates 
(>1:3) promote the maintenance of PMS 
during cooling and storage. 

From this experiment it appeared that 
seminal plasma must be diluted. However 
a small amount of seminal plasma may 
be essential for the maintenance of 
spermatozoal motility during storage of 
semen that has been cooled. An additional 
experiment by Jasko was performed wherein 
spermatozoa were resuspended in extender 
to which either 0, 5, 10 or 20% of seminal 
plasma had been added. Samples were 
cooled and maintained at 50C for 72 hours. 
The retention of 5-20% of seminal plasma in 
extended semen was better when compared 
to the extended semen with no seminal 
plasma. 

Practically speaking, this can be achieved 
without centrifugation by the dilution of 
semen in the range or 1:4 to 1:20, however 
the higher dilution rates (1:20) are probably 
detrimental to fertility of long term stored 
spermatozoa as they result in excessive 
dilution of seminal plasma and may effect 
spermatozoal concentration.

TMOT and % PMOT were greater (P<0.05) in CST-20 compared to KMT-20, however, KMT-0 
increased (P<0.05) velocity measures (VCL and VSL) compared to CST-0. In Experiment 2, fertility of 
centrifuged spermatozoa diluted in either CST-20 or KMT-0 was similar (P>0.05). We conclude that 
modified Tyrode's medium was not detrimental to establishment of pregnancy. Use of modified 
Tyrode's medium may improve spermatozoal motility and pregnancy rates for cooled transport of 
semen from stallions in which all seminal plasma must be removed because of suspected toxic effects 
of seminal plasma on spermatozoal viability, however, Tyrode's medium may be detrimental to sperm 
motility when seminal plasma is present’(Rigby et al., 2001) 
Volume of extender

The amount of extender necessary in relation to the volume of semen to be cooled will vary with 
the composition of the extender and the concentration of spermatozoa. Although there are many
extenders available, only one (Kenney et al., 1975) has been thoroughly investigated at different 
dilution rates for its ability to maintain spermatozoal motility after cooling and prolonged storage. 
Varner (Varner et al., 1988) reported on the effect of different dilution rates on spermatozoal motility
after cooling and storage (Figure 5). 
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Figure 5. Effect of spermatozoal dilution with extender on % PMS after storage. 

These workers concluded that the greater the dilution rate the better the maintenance of
spermatozoal motility and that an ideal dilution rate was one that resulted in 25X106 spermatozoa per 
ml. In order to study the effects of seminal plasma on spermatozoal motility for stored samples,
workers at Colorado State University (CSU) (Jasko et al. 1992a) diluted semen at various levels 
(Figure 6) whilst maintaining the same concentration of spermatozoa per ml (initial semen
concentrations were varied). Their results suggested higher dilution rates (>1:3) promote the 
maintenance of PMS during cooling and storage. From this experiment it appeared that seminal plasma
must be diluted. However a small amount of seminal plasma may be essential for the maintenance of 
spermatozoal motility during storage of semen that has been cooled. An additional experiment by 
Jasko was performed wherein spermatozoa were resuspended in extender to which either 0, 5, 10 or 
20% of seminal plasma had been added. Samples were cooled and maintained at 50C for 72 hours. The 
retention of 5-20% of seminal plasma in extended semen was better when compared to the extended 
semen with no seminal plasma. Practically speaking, this can be achieved without centrifugation by the 
dilution of semen in the range or 1:4 to 1:20, however the higher dilution rates (1:20) are probably 
detrimental to fertility of long term stored spermatozoa as they result in excessive dilution of seminal
plasma and may effect spermatozoal concentration. 

SAEVA Proceedings.indd   115 2/11/09   11:44:57 AM



116

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

Figure 6. The effect of ratio of extender 
dilution to % PMS maintaining the 
same concentration per ml.

The next question that needed to be 
answered was what effect a large volume of 
extender would have with cooled transported 
semen. An initial study at CSU (Squires et 
al., 1989) demonstrated that using 250 
million PMS plus extender to make a volume 
of 10 ml resulted in an embryo recovery 
rate (pregnancy rate per cycle) of 70.6% 
which was significantly different (p<0.001) 
than the same number of spermatozoa 
diluted in extender to a volume of 100 ml 
(13.6%). Clearly, although the numbers were 
adequate, the dilution due to large volume 
has effected the ability of spermatozoa 
to effect fertilisation (perhaps mares are 
unable to achieve adequate numbers in the 
oviduct). 

A further study diluting 250 million PMS to 
a total volume of 50 ml (5 million per ml) 
compared to 250 million PMS in 10 ml (25 
million per ml) still resulted in a significant 
difference in pregnancy rate of 34.3% 
compared to 65.7% respectively (P<0.05). 
The conclusion for this experiment can be 
that a) when breeding with 250 million 
PMS total volume should not exceed 10 ml 
(sperm concentration 25 X 106 PMS) (Figure 
7). An additional experiment (Jasko et al., 
1992b) demonstrated that breeding with 
1250 X 106 in 50 ml resulted in identical 
embryo recovery as breeding with 250 X 
106 in 10 ml.

Effect of volume on embryo recovery

Figure 7. Effect of extender volume 
while maintaining the same sperm 
numbers (250 million PMS) on embryo 
recovery.

From the above information it is apparent 
that we should be aiming to breed with 
an extended semen concentration of 
approximately 25 million sperm per ml and 
a raw sperm dilution of at least 1 in 4 (raw 
semen to extender). If a stallion ejaculates 
a large volume of dilute semen (for example 
200 mls with a concentration of 15-25 X 
106) it may be difficult to ensure transport of 
sufficient numbers of spermatozoa (properly 
extended) without providing an excessively 
large volume. One method to circumvent 
this problem is to centrifuge and resuspend 
the semen. However caution is advised as 
centrifugation has been demonstrated to 
effect the fertility of stallion semen under 
some conditions (Pickett and Amann, 1993). 
Processed semen resulted in an average of 
67% embryo recovery compared to fresh. 
With the information above in mind, it is 
important not to excessively tease stallions 
that are to be used for semen cooling 
and storage, as teasing will increase the 
volume of the ejaculate dramatically in most 
stallions(Pickett et al., 1987). Most clients 
will be surprised to learn that volume does 
not equate with the quality of the sample 
and that sperm numbers ejaculated are 
relatively consistent not volume. Another 
issue is sperm losses but this is covered in 
the chapter on freezing semen.

Timing and frequency of 
insemination

Even the best techniques for depositing 
the correct number of live spermatozoa in 
the right place are useless if the time of 
insemination is wrong. Ideally mares should 
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The next question that needed to be answered was what effect a large volume of extender would 
have with cooled transported semen. An initial study at CSU (Squires et al., 1989) demonstrated that 
using 250 million PMS plus extender to make a volume of 10 ml resulted in an embryo recovery rate 
(pregnancy rate per cycle) of 70.6% which was significantly different (p<0.001) than the same number
of spermatozoa diluted in extender to a volume of 100 ml (13.6%). Clearly, although the numbers were 
adequate, the dilution due to large volume has effected the ability of spermatozoa to effect fertilisation
(perhaps mares are unable to achieve adequate numbers in the oviduct). A further study diluting 250 
million PMS to a total volume of 50 ml (5 million per ml) compared to 250 million PMS in 10 ml (25 
million per ml) still resulted in a significant difference in pregnancy rate of 34.3% compared to 65.7% 
respectively (P<0.05). The conclusion for this experiment can be that a) when breeding with 250 
million PMS total volume should not exceed 10 ml (sperm concentration 25 X 106 PMS) (Figure 7). 
An additional experiment (Jasko et al., 1992b) demonstrated that breeding with 1250 X 106 in 50 ml
resulted in identical embryo recovery as breeding with 250 X 106 in 10 ml.
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The next question that needed to be answered was what effect a large volume of extender would 
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using 250 million PMS plus extender to make a volume of 10 ml resulted in an embryo recovery rate 
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of spermatozoa diluted in extender to a volume of 100 ml (13.6%). Clearly, although the numbers were 
adequate, the dilution due to large volume has effected the ability of spermatozoa to effect fertilisation
(perhaps mares are unable to achieve adequate numbers in the oviduct). A further study diluting 250 
million PMS to a total volume of 50 ml (5 million per ml) compared to 250 million PMS in 10 ml (25 
million per ml) still resulted in a significant difference in pregnancy rate of 34.3% compared to 65.7% 
respectively (P<0.05). The conclusion for this experiment can be that a) when breeding with 250 
million PMS total volume should not exceed 10 ml (sperm concentration 25 X 106 PMS) (Figure 7). 
An additional experiment (Jasko et al., 1992b) demonstrated that breeding with 1250 X 106 in 50 ml
resulted in identical embryo recovery as breeding with 250 X 106 in 10 ml.
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Figure 7.  Effect of extender volume while maintaining the same sperm numbers (250 million PMS) on 
embryo recovery. 

From the above information it is apparent that we should be aiming to breed with an extended 
semen concentration of approximately 25 million sperm per ml and a raw sperm dilution of at least 1 in 
4 (raw semen to extender). If a stallion ejaculates a large volume of dilute semen (for example 200 mls
with a concentration of 15-25 X 106) it may be difficult to ensure transport of sufficient numbers of 
spermatozoa (properly extended) without providing an excessively large volume. One method to 
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be inseminated as close as possible (prior) 
to ovulation. Pregnancy rates drop after 
ovulation and fertilisation that occurred 
from semen deposited after ovulation 
resulted in an increase in early embryonic 
death (Woods et al., 1990). Although it 
is tempting to speculate on the life of the 
ovum, current recommendations are to 
breed with fresh semen at a maximum of 6 
hours after ovulation (Pickett and Amann, 
1993;Woods et al., 1990).

‘The effects of pre-ovulatory and post 
ovulatory insemination on pregnancy rate 
and embryonic-loss rate were studied in 
268 mares in two experiments. Within each 
experiment mares were randomised within 
replicates as follows: to be inseminated on 
the day the pre-ovulatory follicle reached 
35 mm (pre-ovulatory group), to be 
inseminated on the day of ovulation (Day 
0 group), and to be inseminated on the day 
after ovulation (Day 1 group). Ultrasonic 
pregnancy diagnoses were performed on 
Days 11, 12, 13 and 14 (Experiment 1) 
and Days 11, 12, 13, 14, 14, 20 and 40 
(Experiment 2). Combined for the two 
experiments, pregnancy rates were different 
(P lt 0.01) among the three groups. For 
Experiment 2, pregnancy rate within the 
pre-ovulatory group was lower (P lt 0.05) 
for insemination 4 days or more before 
ovulation than for up to 3 days before 
ovulation. Pregnancy rate was lower (P lt 
0.05) for the Day 0 group than for the pre-
ovulatory group inseminated up to 3 days 
before ovulation. In Experiment 2, ovulation 
was detected by examinations every 6 h; 
pregnancy rate was greater (P lt 0.05) for 
mares inseminated 0 to 6 h after ovulation 
than for mares inseminated at 18 to 24 h. 

No pregnancies occurred when mares were 
inseminated 30 h or more after ovulation. The 
mean day of first detection of the embryonic 
vesicle was different (P lt 0.0001) among the 
three groups. Diameter of embryonic vesicle 
averaged over Days 11 to 15 also differed 
(P lt 0.0001) among groups. The rate of 
embryonic loss (Experiment 2) between 
day of first detection of the conceptus and 
Day 40 was greater (P lt 0.05) for the Day 
0 group than for the preovulatory group. 
Insemination up to 12 h post ovulation 
resulted in pregnancy rates equivalent 
to those for preovulatory insemination. 
Thereafter, the pregnancy rates diminished 
with no pregnancies occurring after 30 
h. Embryonic vesicles were smaller and 

embryonic-loss rate was greater for mares 
inseminated after ovulation’ (Woods et al., 
1990)

Figure 8. Effect of teasing on sperm 
parameters.

No data are available for use of cooled 
semen relative to ovulation. Similarly no 
data are available as to seminal longevity 
in-vivo after semen has been cooled and 
transported, however the optimum time 
for insemination of cooled spermatozoa 
may include a shorter interval (closer to 
ovulation) than if fresh semen or natural 
service is used. In summary insemination 
with the use of cooled transported semen 
under ideal conditions would include the 
insemination of mares zero to 24 h prior to 
ovulation such as the schedule for natural 
breeding programs.

Number of spermatozoa

Presented in figure 9 are pregnancy rates 
from non-cooled spermatozoa in raw and 
extended semen based on pooled data 
over many experiments conducted at CSU. 
First cycle pregnancy rates were 22.2%, 
40.6% and 54.5% for mares bred with 50, 
100 or 500 million PMS per insemination, 
respectively. As a result of these experiments 
it is now recommended that for most 
stallions it is best to breed mares with 500 X 
106 PMS. Occasionally a particularly fertile 
stallion will still have good pregnancy rates 
when sperm numbers per insemination are 
allowed to drop down to 100 X 106 PMS. 
It has been estimated that approximately 
50% of spermatozoa are lost in the process 
of cooling and transporting semen (will be 
non-viable at the time of insemination). 
Accordingly our aim is to start with one 
billion PMS per insemination dose in a 
cooled transported semen program.

circumvent this problem is to centrifuge and resuspend the semen. However caution is advised as 
centrifugation has been demonstrated to effect the fertility of stallion semen under some conditions 
(Pickett and Amann, 1993). Processed semen resulted in an average of 67% embryo recovery 
compared to fresh. With the information above in mind, it is important not to excessively tease 
stallions that are to be used for semen cooling and storage, as teasing will increase the volume of the 
ejaculate dramatically in most stallions(Pickett et al., 1987). Most clients will be surprised to learn that 
volume does not equate with the quality of the sample and that sperm numbers ejaculated are relatively 
consistent not volume. Another issue is sperm losses but this is covered in the chapter on freezing 
semen.

Timing and frequency of insemination
Even the best techniques for depositing the correct number of live spermatozoa in the right place 

are useless if the time of insemination is wrong. Ideally mares should be inseminated as close as 
possible (prior) to ovulation. Pregnancy rates drop after ovulation and fertilisation  that occurred from
semen deposited after ovulation resulted in an increase in early embryonic death (Woods et al., 1990). 
Although it is tempting to speculate on the life of the ovum, current recommendations are to breed with 
fresh semen at a maximum of 6 hours after ovulation (Pickett and Amann, 1993;Woods et al., 1990). 
‘The effects of pre-ovulatory and post ovulatory insemination on pregnancy rate and embryonic-loss 
rate were studied in 268 mares in two experiments. Within each experiment mares were randomised 
within replicates as follows: to be inseminated on the day the pre-ovulatory follicle reached 35 mm 
(pre-ovulatory group), to be inseminated on the day of ovulation (Day 0 group), and to be inseminated 
on the day after ovulation (Day 1 group). Ultrasonic pregnancy diagnoses were performed on Days 
11, 12, 13 and 14 (Experiment 1) and Days 11, 12, 13, 14, 14, 20 and 40 (Experiment 2). Combined for 
the two experiments, pregnancy rates were different (P lt 0.01) among the three groups. For 
Experiment 2, pregnancy rate within the pre-ovulatory group was lower (P lt 0.05) for insemination 4 
days or more before ovulation than for up to 3 days before ovulation. Pregnancy rate was lower (P lt 
0.05) for the Day 0 group than for the pre-ovulatory group inseminated up to 3 days before ovulation. 
In Experiment 2, ovulation was detected by examinations every 6 h; pregnancy rate was greater (P lt 
0.05) for mares inseminated 0 to 6 h after ovulation than for mares inseminated at 18 to 24 h. No 
pregnancies occurred when mares were inseminated 30 h or more after ovulation. The mean day of 
first detection of the embryonic vesicle was different (P lt 0.0001) among the three groups. Diameter of 
embryonic vesicle averaged over Days 11 to 15 also differed (P lt 0.0001) among groups. The rate of 
embryonic loss (Experiment 2) between day of first detection of the conceptus and Day 40 was greater 
(P lt 0.05) for the Day 0 group than for the preovulatory group. Insemination up to 12 h post ovulation 
resulted in pregnancy rates equivalent to those for preovulatory insemination. Thereafter, the 
pregnancy rates diminished with no pregnancies occurring after 30 h. Embryonic vesicles were 
smaller and embryonic-loss rate was greater for mares inseminated after ovulation’ (Woods et al., 
1990)
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Figure 8. Effect of teasing on sperm parameters.
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Effect of sperm numbers on fertility

Figure 9. Effect of insemination of 
various numbers of progressively 
motile spermatozoa on pregnancy rate 
per cycle.

Clearly this halves the numbers of mares 
that can be bred compared to normal AI 
with fresh semen. The following formula is 
used to calculate the volume of raw semen 
to be placed in an extender for shipment:
1 X 109 PMS
(conc X106/ml) X % motility

If we assume that a stallion ejaculates 
160 X 106/ml of gel free semen and that 
the progressive motility is 60% then the 
formula is:
1 X 109
160 X 106 X 0.6
=10.4 mls of raw semen.
A 1:3 dilution in extender will give » 25X 
106/ml in a 40 ml volume.

Concern has been expressed by some 
breeders that approval of transported semen 
will result in too many mares being bred to 
too few stallions. This is not likely to occur 
due to the high number of progressively 
motile spermatozoa required with cooled 
transported semen. Presented in Figure 10 
are the expected numbers of mares that 
could be bred from varying total sperm 
counts (5 to 14 billion) and varying PMS 
(40-80%).

Fertility of cooled semen

From a series of experiments conducted 
at CSU it was concluded that there was an 
interaction between storage temperatures 
and extenders. The results of these studies 
demonstrated clearly that as storage time 
increased, there was a trend towards 
reduction in fertility, particularly when 
semen was stored at 200C for longer than 

12 hours (Figure 11). Therefore current 
recommendations are that if semen is to be 
transported, it should be cooled to 50C and 
mixed in a non-fat dry skim milk extender 
(NFDSM) extender (Table 1). Short term 
storage (6-12 h) is possible by cooing to 
room temperature.

Number of mares bred with cooled 
semen

Figure 10. Number of mares calculated 
for breeding (1 X 109) varying PMS and 
total sperm in the ejaculate.

Figure 11. Fertility of cooled semen 
stored at varying temperatures for 
varying lengths of time.

Handling semen

Semen can conveniently be handled in 
‘Whirl-pak’ bags (6 oz.) and the appropriate 
cooling rate to 40C can be obtained by the 
use of an ‘Equitainer’ for most stallions. 
The Equitainer utilises frozen canisters 
(-300C), insulation, thermal ballast bags 
and an isothermalizer. The procedures to 
follow are to add the frozen canisters to 
control the cooling rate, extend the semen 
in the Whirl-pak bags and surround the 

From a series of experiments conducted at CSU it was concluded that there was an interaction 
between storage temperatures and extenders. The results of these studies demonstrated clearly that as 
storage time increased, there was a trend towards reduction in fertility, particularly when semen was 
stored at 200C for longer than 12 hours (Figure 11). Therefore current recommendations are that if 
semen is to be transported, it should be cooled to 50C and mixed in a non-fat dry skim milk extender 
(NFDSM) extender (Table 1). Short term storage (6-12 h) is possible by cooing to room temperature.
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Handling semen 
Semen can conveniently be handled in 'Whirl-pak' bags (6 oz.) and the appropriate cooling rate to 

40C can be obtained by the use of an 'Equitainer' for most stallions. The Equitainer utilises frozen
canisters (-300C), insulation, thermal ballast bags and an isothermalizer.  The procedures to follow are 
to add the frozen canisters to control the cooling rate, extend the semen in the Whirl-pak bags and 
surround the semen with thermal ballast bags inside the isothermalizer container. The ballast bags 
should be placed against the semen at 370C, similar to the temperature of the sample. It is best for the 
stallion owner or veterinarian to save a small sample that will be cooled similarly for future analysis in 
case of problems with motility at the time of mare insemination. The Equitainer is relatively rugged 
and designed to handle the stresses of transport. 

No data are available for use of cooled semen relative to ovulation. Similarly no data are available as 
to seminal longevity in-vivo after semen has been cooled and transported, however the optimum time
for insemination of cooled spermatozoa may include a shorter interval (closer to ovulation) than if 
fresh semen or natural service is used. In summary insemination with the use of cooled transported 
semen under ideal conditions would include the insemination of mares zero to 24 h prior to ovulation 
such as the schedule for natural breeding programs.

Number of spermatozoa
Presented in figure 9 are pregnancy rates from non-cooled spermatozoa in raw and extended 

semen based on pooled data over many experiments conducted at CSU. First cycle pregnancy rates 
were 22.2%, 40.6% and 54.5% for mares bred with 50, 100 or 500 million PMS per insemination,
respectively. As a result of these experiments it is now recommended that for most stallions it is best to 
breed mares with 500 X 106 PMS. Occasionally a particularly fertile stallion will still have good 
pregnancy rates when sperm numbers per insemination are allowed to drop down to 100 X 106 PMS. It 
has been estimated that approximately 50% of spermatozoa are lost in the process of cooling and 
transporting semen (will be non-viable at the time of insemination). Accordingly our aim is to start 
with one billion PMS per insemination dose in a cooled transported semen program.
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Figure 9. Effect of insemination of various numbers of progressively motile spermatozoa on pregnancy 
rate per cycle. 

Clearly this halves the numbers of mares that can be bred compared to normal AI with fresh 
semen. The following formula is used to calculate the volume of raw semen to be placed in an extender 
for shipment:

1 X 109 PMS
 (conc X106/ml) X % motility
If we assume that a stallion ejaculates 160 X 106/ml of gel free semen and that the progressive motility
is 60% then the formula is: 

1 X 109

160 X 106 X 0.6 
=10.4 mls of raw semen.

A 1:3 dilution in extender will give » 25X 106/ml in a 40 ml volume.
Concern has been expressed by some breeders that approval of transported semen will result in too 
many mares being bred to too few stallions. This is not likely to occur due to the high number of 
progressively motile spermatozoa required with cooled transported semen. Presented in Figure 10 are 
the expected numbers of mares that could be bred from varying total sperm counts (5 to 14 billion) and 
varying PMS (40-80%). 

Fertility of cooled semen 

From a series of experiments conducted at CSU it was concluded that there was an interaction 
between storage temperatures and extenders. The results of these studies demonstrated clearly that as 
storage time increased, there was a trend towards reduction in fertility, particularly when semen was 
stored at 200C for longer than 12 hours (Figure 11). Therefore current recommendations are that if 
semen is to be transported, it should be cooled to 50C and mixed in a non-fat dry skim milk extender 
(NFDSM) extender (Table 1). Short term storage (6-12 h) is possible by cooing to room temperature.
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Handling semen 
Semen can conveniently be handled in 'Whirl-pak' bags (6 oz.) and the appropriate cooling rate to 

40C can be obtained by the use of an 'Equitainer' for most stallions. The Equitainer utilises frozen
canisters (-300C), insulation, thermal ballast bags and an isothermalizer.  The procedures to follow are 
to add the frozen canisters to control the cooling rate, extend the semen in the Whirl-pak bags and 
surround the semen with thermal ballast bags inside the isothermalizer container. The ballast bags 
should be placed against the semen at 370C, similar to the temperature of the sample. It is best for the 
stallion owner or veterinarian to save a small sample that will be cooled similarly for future analysis in 
case of problems with motility at the time of mare insemination. The Equitainer is relatively rugged 
and designed to handle the stresses of transport. 
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semen with thermal ballast bags inside the 
isothermalizer container. 

The ballast bags should be placed against the 
semen at 370C, similar to the temperature of 
the sample. It is best for the stallion owner 
or veterinarian to save a small sample that 
will be cooled similarly for future analysis 
in case of problems with motility at the 
time of mare insemination. The Equitainer 
is relatively rugged and designed to handle 
the stresses of transport.

Another technique to cool equine 
spermatozoa is to place the Whirl-pak 
bags or other semen/extender containing 
canister into a beaker/container of water at 
370C which is placed inside a refrigerator. 
However, it is important to do trial runs with 
a thermocouple to measure the temperature 
decline over time. Once the semen has 
reached 40C it can be packaged with cooled 
ballast bags and sent to a remote location.

Note: Semen handled this way and placed in 
Styrofoam containers can easily be damaged 
by heat stresses such as being placed in the 
cargo areas on buses that occasionally are 
extremely warm.

Transport of Semen.

The time between collection and insemination 
of the mare has an important implication on 
pregnancy rates. Even for semen stored at 
40C, mares inseminated < 24 hours have 
a significantly higher pregnancy rate than 
those inseminated > 48 hours after the 
collection of semen. Close co-ordination of 
stallion owners and mare owners should 
identify the most expedient route for semen 
transport.

Insemination Procedures.

Normal artificial insemination procedures are 
employed. Each Whirl-pak bag containing 
one insemination dose for each mare is 
inseminated immediately it arrives whilst 
it is still cool. Evaluation of semen may 
then be performed later (from the small 
sample left over) using a pre-warmed 370C 
slide and microscope stage warmer. Chilled 
semen may require 5 minutes of warming to 
370C before demonstrating its real motility. 
No attempt should be made to warm the 
semen prior to insemination of the mare.

Reasons for Failure.

Management is the most important key 
for successful insemination of mares with 
cooled, transported semen. There are many 
reasons for failure of this technique. Some 
of these are:

1. Early in the breeding season, it is 
not uncommon for mares to either 
not ovulate or ovulate later than 
expected.

2. Some mares have genital tract infections 
that may not be identified.

3. Inadequate teasing may have failed to 
identify mares that are in heat or may 
result in mares being bred at the wrong 
stage of the reproductive cycle.

4. Inadequate fertility data from testing 
of the stallion prior to beginning the 
program.

Recommendations for Mare 
Owners.

1. A pre-breeding reproductive examination 
to identify mares that are of normal 
fertility. Avoid using old barren mares.

2. Careful monitoring of the mare’s oestrus 
cycle using a teaser stallion and then 
veterinary examination to determine 
the appropriate time of breeding.

3. Early contact of the stallion owner to 
co-ordinate breeding plans.

4. Examination of the mare frequently 
during oestrus to give the stallion 
owner at least 24 hours (preferably 48 
hours) advanced warning prior to the 
desired time of breeding.

5. Aim at breeding once per cycle by careful 
use of veterinary management.

6. Veterinary use of reproductive hormones 
to ensure ovulation occurs at the 
expected time.

7. Examination of mares for pregnancy as 
early as possible using ultrasonography 
14-16 days after breeding.

8. Inform the stallion owner of the results 
of the breeding and keep them well 
informed of all transported semen 
quality.

Recommendations for 
Stallion Owners.

1. Have a veterinarian perform a thorough 
evaluation prior to the start of the 
breeding season which includes the 
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response of that stallion’s spermatozoa 
to cooling to 4-5oC for 24 and 48 hours 
after the semen is extended. Test for 
the appropriate dilution ratio and any 
interaction with extenders.

2. Organise to have bacterial cultures 
from the stallion’s semen, urethra and 
prepuce submitted to a laboratory to 
identify if any potential pathogens 
are present. Once identified, antibiotic 
sensitivity tests can be used to 
determine if special antibiotics need to 
be added to the extender.

3. Keep equipment clean and sterile. Use 
only proven techniques for packaging 
semen.

4. Keep the stallion on a regular collection 
schedule. Most stallions should be 
collected every other day. Failure to 
collect a stallion for 4-5 days may 
result in stored semen being harvested 
that is of inferior quality.

5. Keep accurate records of semen 
volume, concentration and motility and 
any changes that occur in procedures, 
extenders and antibiotics that may 
effect sperm quality.

6. Keep a control sample for each batch 
of transported semen and notify mare 
owners if the sample appears to be 
poor. Transport only excellent quality 
semen.

7. Try to avoid teasing with the stallion to 
be collected unless it is necessary.

8. Include with each shipment instructions 
for owners (motility, concentration, 
dilution rate, type of extender, 
antibiotics used, etc.). Always transport 
1 X 109 PMS.

9. Use the fastest express service to have 
the semen arrive to the mare.

10.Take an active role in educating mare 
owners by providing instructions, 
newsletters, reference manuals, etc.

11.Keep records of all mares bred to that 
stallion.

12.Insist on early pregnancy detection 
in order to quickly and accurately 
determine the success of each stallion 
after transport of his semen.

13.Be prepared for frustrating client 
communications and remain flexible.

14.Transport semen only to those clients 
that have proper management skills, 
personnel and equipment necessary to 
ensure ultimate success.

Recommendations for 

Veterinarians.

1. Before embarking on breeding with 
cooled semen, carefully explain to 
clients the difficulties associated with 
collection and transport, and accurately 
impart the expected results (ie. 60-70% 
of mares pregnant per cycle). Because 
clients are emotionally and physically 
involved with the palpation, scheduling 
and breeding with transported semen, 
they often expect the success to be 
higher. It is important for all parties 
to recognise that results with this 
technique will not improve fertility.

2. Make sure the client understands the 
costs and the procedures. Although 
clients request breeding with 
transported semen because of poor 
stallion availability, many of them 
expect costs to be decreased because 
of no mare transport. They also expect 
less injuries to the mare and or foal 
and are frustrated if the mare is not 
pregnant and there is a large veterinary 
bill. Bills from the stallion owner and 
veterinarian involved with collection 
and transporting of the semen are 
often higher than expected ($100-300/
collection).

3. Semen collection and processing: 
Immediately after collection, measure 
the progressive motility (extended) 
and concentration of the sample 
and calculate the amount of fresh 
semen required to breed with 1 billion 
progressively motile spermatozoa. Add 
this to an appropriate extender (at 
37oC) and organise to have a breeding 
dose of between 30-60 ml, while not 
having a ratio of semen to extender 
less than 1:3 and ≥ 25 X 106 PMS/ml. 
On occasion it may be necessary to 
increase the volume of the inseminate 
rather than trying to centrifuge low 
concentration spermatozoa. It is 
recommended that semen transported 
long distances for >6 hours should 
be cooled in an Equitainer. There are 
many seminal extenders available and 
some veterinarians mix their own. We 
recommend the use of commercially 
prepared extenders to provide 
consistent quality. A convenient 
equine extender has been prepared by 
Animal Reproduction Systems (Chino, 
California, Fax - 909 597 3043) Three 
formulas are available:

a) Original Formula (which contains   
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Polymixin B Sulphate)
b)  CST (cooled and stored semen   

extender containing Amikacin))
c)  Basic (has no antibiotics)
 These extenders are purchased in two 

components. The nutrient component is 
in a sachet which is added to purified, 
distilled, de-ionised water (the other 
component).

4. Examination of the mare: In order to 
avoid disappointment, barren mares 
should be subjected to a full reproductive 
evaluation including uterine culture, 
cytology and biopsy. Mares should 
be examined ultrasonographically 
as soon as possible after they have 
been identified to be in oestrus. We 
recommend the use of ovulation 
induction with Deslorelin (OvuplantTM), 
or hCG (3000 IU i.v.) once a 30-35 
mm follicle has been detected in a 
mare displaying oestrus, but not until 
it is confirmed that the semen can be 
collected and transported to arrive at a 
pre-determined time prior to ovulation. 
Ovulation will be induced approximately 
36 hours after mares are administered 
hCG and 41 hours after deslorelin. 
Mares should always be examined 
24-48h post-breeding to determine if 
they need intra-uterine or systemic 
antibiotics and to perform post- 
breeding reproductive procedures such 
as a Caslick. Mares should examined 
for pregnancy detection, 14-16 days 
after the expected ovulation time. 
Good management and communication 
are the key to success of cooled, 
transported semen.
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Combined Dexamethasone 
Suppression/

Thyrotropin-releasing 
Hormone Stimulation test for 

detection of Equine 
Cushings Disease

Frank M. Andrews

Summary

A combined dexamethasone suppression/
thyrotropin releasing hormone (DEX/TRH) 
test is being used in the early diagnosis 
of Equine Cushing’s disease (ECD), but 
the accuracy of this test has not been 
established.  In this study, horses were 
tested using the DEX/TRH test and the 
results compared to the “gold standard” of 
histopathologic examination of the pituitary 
gland.  Sensitivity and specificity of the test 
were 88% and 76%, respectively.  

Predictive values of positive and negative 
tests in our study population were 71% and 
90%, respectively.  The combined DEX/TRH 
test was more sensitive than either of its 
component tests and had a high NPV, but 
was not as specific as the TRH component 
of the test alone (92%) or recognition of 
hirsutism (95%).  The DEX/TRH test should 
be used to screen horses for the presence 
of a PIPA. 

Introduction

Equine Cushing ’s disease (ECD) results from 
hypertrophy, hyperplasia or a functional 
adenoma in the pars intermedia of the 
pituitary gland and is frequently recognized 
in older horses.1  Current diagnostic tests, 
17- or 24-hr dexamethasone suppression or 
endogenous ACTH tests, may produce false 
positive and false negative results, making 
diagnosis of ECD difficult.2  Recently, a 
combined dexamethasone suppression/

thyrotropin-releasing hormone stimulation 
(DEX/TRH) test was introduced to diagnose 
early cases of ECD.

This test may improve the accuracy of 
diagnosis because it combines the 24-hr 
dexamethasone (DEX) suppression test 
with a thyrotropin-releasing hormone (TRH) 
stimulation test and provides two checks (a 
rise in plasma cortisol concentration after TRH 
administration and the lack of suppression 
of plasma cortisol concentration, 24-hrs 
after DEX administration) for diagnosis of 
ECD.  

Although this test is currently being used, the 
accuracy of the test has not been validated 
by comparing test results to the “gold 
standard” of histopathologic confirmation.  
The purpose of this study was to estimate 
the sensitivity and specificity of the DEX/TRH 
test for the diagnosis of ECD by comparing 
test results with histopathologic findings.

Materials and Methods

Forty-nine horses (median: 12.5 years of 
age, range 2 to 33 years) that were donated 
to the University of Tennessee Veterinary 
Teaching Hospital for various reasons 
(Laminitis [11], lameness [4], weight loss 
[4], blindness [2], other [23]) were used 
in this study.  Within 2 days of arrival, 
the DEX/TRH test was administered as 
previously reported.2  Briefly, an intravenous 
catheter was placed to obtained blood 
samples for plasma cortisol measurement.  
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Dexamethasone (40μg/kg, IV) was then 
administered between 8 and 10 AM and 
a second sample obtained 3 hrs after 
administration.  Thyroid- releasing hormone 
(1.0 mg, IV, Sigma, St. Louis, MO 63178) 
was then administered, a third sample was 
obtained 30 min after TRH administration 
and a fourth sample obtained 24 hrs after 
DEX administration.  

All blood samples were collected in tubes 
containing ethylene diamine tetra-acetic 
acid (EDTA) anticoagulant, centrifuged, 
and the plasma was harvested for cortisol 
measurement.2  The DEX/TRH test was 
considered positive for ECD when plasma 
cortisol concentration increased to ≥66% , 
at 30 min after the TRH administration 
or if cortisol concentration was >1.0 μg, 
24 hrs after DEX administration.  After 
the test was administered, horses were 
humanely euthanatized with an overdose of 
barbiturate.

At necropsy, the pituitary gland from each 
horse was harvested and fixed in 10% 
formalin.  Tissues were routinely prepared for 
histopathologic examination and evaluated 
for the presence of a discrete mass in pars 
intermedia of the pituitary gland.  The 
pathologist was unaware of the results 
of the DEX/TRH test prior to examination 
of the pituitary tissue.  The results of the 
DEX/TRH test were then compared with the 
“gold standard” diagnosis of histopathologic 
changes consistent with a pars intermedia 
pituitary adenoma.

These data were then used to estimate the 
sensitivity and specificity of the test.  The 
positive and negative predictive values were 
calculated using the sensitivity, specificity 
and pretest probability (prevalence of 
ECD) based on the number of positive and 
negative horses enrolled in the study.

Results

Of the 49 horses examined, complete data 
was obtained on 42 horses (median age 
= 16.5 years; range 2-33 years).  A 
macroadenoma and/or macroadenoma 
of the pars intermedia was identified by 
histopathologic examination in 17 (7 mares, 
9 geldings, and 1 stallion) of the 42 horses 
(40%).  The median age of horses with ECD 
was 23 years (range, 9-33 years), which was 
significantly higher than the median age (10 
years; range, 2-30 years) of horses without 

PIPD.  The DEX/TRH test was most sensitive 
(88%) and the presence of hirsutism was 
most specific (95%) diagnostic criterion 
examined.

Based on the 40% prevalence of PIPA 
within this study population, the presence 
of hirsutism had the highest PPV (91%) 
and the DEX/TRH test had the highest NPV 
(90%).  The frequency of DEX suppression 
test false positive results was also examined 
with respect to the time of year that horses 
were tested.  Three of 7 horses tested in 
August had false positive results, whereas 
false positive results were detected in only 
1 of 4 (February, April) or 1 of 5 horses 
(December) tested during other months.  

Discussion and Conclusions

Results of this study indicate that the 
combined DEX/TRH test is more sensitive 
than the DEX suppression test or TRH 
stimulation test alone.  The use of hirsutism 
as a diagnostic criterion for PIPD is also 
supported by results of this study because 
this test had a high PPV (91%) in a population 
of horses that had a 40% prevalence of 
PIPA.

Thyroid Releasing Hormone 
Source

Practitioners can obtain TRH from 
Phoenix Pharmaceuticals, Inc. 530 Harbor 
Boulevard Belmont, California 94002, www.
phoenixpeptide.com, 1-800-988-1205.  Cost 
of TRH is $35 for a 25 mg vial.
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Colic: Making the 
Decision to Refer

Frank M. Andrews

Introduction

Deciding when to refer a horse with colic 
can be a difficult decision and involves 
careful evaluation of clinical and laboratory 
parameters, surgical considerations, 
probability of survival, and other 
considerations that include worsening of 
clinical condition, unresolved pain, or to 
obtain a second opinion.  The decision to 
refer also involves the willingness of the 
client to transport the horse and financial 
constraints, as referral can be a substantial 
economic investment for the client.

The most common reason for a veterinarian 
to refer a horse with colic is the presence 
of a surgical lesion.  Certain clinical and 
laboratory parameters are important in 
making this decision.  However, the other 
obligation that the referral veterinarian has 
is to determine if the horse has a reasonable 
probability of survival if transported.  

A careful and thorough examination of the 
horse and selected laboratory parameters 
can give the veterinarian important 
information regarding whether the horse 
should be referred for surgery and what 
are the chances that that horse will survive.  
This presentation is based on the following 
references.

Evaluation of Clinical and 
Laboratory Parameters

Making and Decision to Refer for 
Surgery

1. ________________________________

2. ________________________________

3. ________________________________

4. ________________________________

5. ________________________________

Making a Determination of Survival

1. ________________________________

2. ________________________________

3. ________________________________

4. ________________________________

5. ________________________________

6. ________________________________

Other Reasons for Referral

1. ________________________________

2. ________________________________

3. ________________________________

4. ________________________________

5. ________________________________

6. ________________________________
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Freezing semen and 
breeding with it

Introduction.

Although it was known as early as 1776 
that cooling semen held them in a dormant 
state and there followed a huge interest 
in the physics of cold, cryopreservation 
of spermatozoa remained an enigma until 
the serendipitous discovery of glycerol 
in 1948: “In the autumn of 1948 my 
colleagues Dr Audrey Smith and Dr C 
Polge were attempting to repeat the results 
which Shaffner, Henderson and Card had 
obtained in the use of laevulose solutions 
to protect fowl spermatozoa against the 
effects of freezing and thawing. Small 
success attended the efforts and pending 
inspiration a number of solutions were 
put away in the cold store. Some months 
later work resumed with the same material 
and negative results were again obtained 
with all of the solutions except one, which 
almost completely preserved motility in fowl 
spermatozoa frozen to -790C. 

This very curious result suggested that 
chemical changes in the laevulose possibly 
caused or assisted by the flourishing growth 
of mould which had taken place during 
storage had produced a substance with 
surprising powers of protecting living cells 
against the effect of freezing and thawing. 
Tests however, showed that the mysterious 
solution not only contained no unusual 
sugars but in fact contained no sugar at 
all. Meanwhile further biological results had 
shown that not only was motility preserved 
after freezing and thawing but, also, to some 
extent, fertilizing power. At this point, with 
some trepidation, the small amount (10-15 
ml) of the miraculous solution remaining 
was handed over to our colleague Dr D 
Elliott for chemical analysis. He reported 
that the solution contained glycerol, water 
and a fair amount of protein. It was then 
realised that Mayer’s albumen- the glycerol 
and albumen of the histologist- had been 
used in the course of morphological work 
on the spermatozoa at the same time as 
the laevulose solutions were being tested 
and with them had been put away in 
the cold store. Obviously there had been 

some confusion with the various solutions 
although we never found out exactly what 
had happened. Tests with new material very 
soon showed that the albumen played no 
part in the protective effect, and our low 
temperature work became concentrated on 
the effects of glycerol in protecting living 
cells against the effects of low temperature 
(Parkes, 1956). Since the discovery of 
glycerol protecting cells during freezing 
and thawing, progress has been dramatic 
in the area of multiple species gamete 
preservation, however, there is still room for 
considerable improvement in the efficiency 
of the techniques. For example the number 
of bull spermatozoa killed or rendered 
immotile during the freeze/thaw process 
has changed very little since 1955.

Advantages

Many advantages of freezing are similar to 
cooling. In addition some others exist:

1) A stallions breeding may continue 
while he is performing or even while 
recovering from an injury or illness.

2) Semen can be easily transported 
internationally.

3)  Logistically, it is much easier to 
transport frozen semen in multiple 
doses, well before the estimated time 
of breeding when compared to cooled, 
transported semen. Semen can be 
ordered well in advance thus avoiding 
the well recognised transport difficulties 
of cooled semen on weekends and 
when the mare suddenly needs to be 
bred at an inopportune or unexpected 
time.

4) Semen from valuable stallions can be 
stored indefinitely or even in the hope 
that breed regulations change to allow 
them to use frozen semen.

Perceived Disadvantages

1) The primary disadvantage is that 

AO McKinnon
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techniques used for processing, 
packaging, freezing, thawing and 
insemination of frozen semen do not 
result in satisfactory pregnancy rates 
from all stallions. Currently pregnancy 
rates from frozen semen are less than 
the average from stallions with fresh 
semen. However, some stallions freeze 
quite well and some do not. A recent 
report quoted almost 85% of stallions 
had achieved a progressive motility 
of > 30% in one of four proprietary 
semen freezing extenders (Loomis and 
Graham, 2008). Thus very few were 
not able to be frozen using current 
techniques and extenders. In the future 
selection for those stallions that freeze 
well may be expected to improve 
the number of stallions with semen 
suitable for freezing and thus the per 
cycle pregnancy rate. In addition we 
have now frozen semen from sons of 
stallions that already have frozen well 
(the sons were achieved by frozen AI) 
and have had excellent results, thus in 
our opinion ‘freezability’ may well be 
heritable to some degree.

2) Costs. Veterinary charges for freezing 
of spermatozoa appear quite high, 
however when compared to the costs 
of collection, analysis and transport of 
cooled semen (often for one does of 
semen), the costs are much lower for 
a dose of frozen semen. At the GVEH 
our current charges are somewhere 
between $50-100 per insemination 
dose. These charges are dependant 
on a number of factors such as sperm 
numbers and quality. In contrast semen 
collected for cooling and transport 
often exceed $200 without the costs of 
transport.

3) Freezing is best done at a specialised 
facility. A disadvantage of freezing at 
centres is loss of control of the stallion 
to the handling and management of 
other people. For many people, sending 
a stallion away represents a difficult 
decision, as often the stallion is often 
their major investment (financially and 
emotionally) in the horse industry. We 
have even had people send a handler 
in to the GVEH to manage the stallion 
(exercise etc) while the semen is being 
frozen. Select Breeders has offered 
mobile unit freezing of stallion semen 
for many years. The results of freezing 

with mobile units are dependant on the 
quality of the personnel and the quality 
control (QC) of the post thaw analysis 
of ejaculates.

4) Other breeder misconceptions.

a) Success rates are low. This tends to 
decrease interest in the procedure amd 
potentially negates many of advantages 
listed above..

b) That anybody can freeze semen. Lots of 
shipments of frozen semen are arriving 
in Australia and occasionally the semen 
has been frozen by inexperienced 
personnel. These people often have 
had only a small amount of experience 
in sterile technique, laboratory 
procedures etc. Some of the samples 
are good, however most are inferior. 
This leads to client dissatisfaction. We 
even have one person in Australia who 
categorically states that when dealing 
with their group, the semen is always 
frozen well and the problem must be 
with the lack of suitable veterinarians 
at the other end. Unfortunately most 
people in this category are very good 
self promoters and salesmen and very 
poor technicians.

c) Errors in identity. Many breeders are 
concerned that their mare may be bred 
with the wrong semen. Obviously well 
marked straws and DNA parentage 
testing now being routine in most major 
breed registries, should eliminate these 
misconceptions. Management of the 
identification of the stallion is similar 
to management of cooled semen. We 
have a rule that only semen from one 
stallion can be processed at one time.

Cryoprotectants

A cryoprotectant such as glycerol allows 
a substantial percentage of spermatozoa 
in a sample to survive the freeze/thaw 
process and retain fertilising capability, 
whereas most cells are rendered incapable 
of fertilising an egg if frozen in the 
absence of a cryoprotectant. There are 
two general classes of cryoprotectants: 1) 
Penetrating cryoprotectants. These pass 
through the sperm membrane and act 
both intracellularly and extracellularly, and 
2) Non-penetrating cryoprotectants. These 
act only extracellularly. Glycerol is the 
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most common penetrating cryprotectant 
although DMSO and propylene glycol 
gave been used with some cells. Non-
penetrating cryprotectants include proteins 
such as in milk or egg yolk; sugars such 
as fructose, lactose, mannose, raffinose 
or trehalose; synthetic polymers such as 
polyvinylpyrrolidone or methyl cellulose and 
amides. Most penetrating cryoprotectants 
serve as both a solvent and a solute. All 
non-penetrating cryoprotectants, including 
proteins lipids and sugars are solutes or 
colloids and can not serve as a solvent. 
Compounds placed into a solvent, such 
as water, which dissolve and form a true 
solution or ionise are termed solutes.

All solutes or colloids in a solution, either 
within a spermatozoan or in the extracellular 
media, contribute to the osmotic properties 
of the solution. The higher the concentration 
of solutes the greater the osmotic pressure. 
Glycerol serves as a solute within the water 
and also penetrates into the sperm. Either 
in the extender or inside the spermatozoan, 
glycerol contributes to the osmotic pressure 
of the extender or cell. A non-penetrating 
cryoprotectant such as lactose is a solute 
but because of the nature of the molecule 
it does not penetrate through the plasma 
membrane of a living cell. Thus lactose can 
contribute to the osmotic pressure of the 
seminal extender but not that of the sperm. 
Non-penetrating cryoprotectants move water 
out of the sperm which results in dehydration 
and shrinkage. Solvent cryoprotectants 
such as glycerol are beneficial because they 
function as a solvent with a freezing point 
much lower than that of water. As extended 
semen is frozen crystals of pure water freeze 
into small blocks of ice between which are 
“channels” of unfrozen extender, remaining 
solvent plus solute. The sperm reside in 
these unfrozen channels. Despite this it is 
thought that the primary beneficial effect 
of glycerol is extracellular. The movement 
of water out of the sperm is probably 
good because it is a direct result of water 
loss thus the possibility of intracellular ice 
damage is reduced.

The process of thawing and insemination is 
potentially the most damaging to sperm due 
to rapid changes in volume. For example, 
from an environment rich in glycerol, lactose 
and salts of the extended semen with a high 
osmotic pressure (>1000 mOsmol/kg) to an 
environment in which the seminal extender 
is diluted in the uterus (~300 mOsmol/kg), 

results in a rapid increase in volume for 
the sperm as water moves in to equilibrate 
with the high concentration of intracellular 
glycerol (left behind). Rapid swelling 
of the sperm may rupture the plasma 
membrane. The solution to the problem 
of rapid volume increase is to serially 
dilute the glycerol in the media surrounding 
the sperm in a controlled manner prior 
to insemination (similar to frozen/thawed 
embryos). Fortunately this is not necessary 
for most stallions spermatozoa as it would 
add another complex step to what needs 
to be a relatively simple procedure (to gain 
universal equine practitioner acceptance). 
However at least part of the problem of 
reduced fertility with cryopreserved sperm 
is a consequence of the apparent necessity 
to use a cryoprotectant such as glycerol. 
There is abundant evidence that glycerol is 
toxic to sperm (Pace and Sullivan, 1975), 
even when sperm are not subjected to the 
additional rigours of freezing and thawing. 

The outward movement of water is greater 
when sperm are cooled below 00C at a slow 
cooling rate than at a very rapid rate. Ideally 
the cooling rate results in sufficient but not 
excessive outward movement of water and 
perhaps the formation of a few non-lethal 
ice crystals within each sperm, but optimal 
survival after re-warming. In the event that 
a cooling rate is slower or faster than ideal 
the damage can be mitigated by appropriate 
adjustment of the warming rate. As a 
generalisation, the more rapid the cooling 
(freezing) rate, the more rapid should be the 
warming (thawing) rate. The ideal cooling 
and warming rates are also influenced by the 
composition of the extender, including the 
concentration of glycerol. Typically straws 
of stallion sperm are warmed at 7000C/min 
by immersion in 370C water for 30 seconds 
or 40000C/min by immersion in water at 
750C for 7 seconds. The thawing procedure 
recommended by personnel who froze the 
spermatozoa should be followed closely.

Techniques for freezing 
equine semen

Methods listed below are those presently 
used by personnel routinely freezing stallion 
spermatozoa. The GVEH is an affiliate of 
Select Breeders (www.selectbreeders.com) 
and information on specific techniques and 
extenders is proprietary.

Straws. Semen is typically frozen in clear or 
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occasionally coloured 0.5ml straws. Straws 
are pre printed as soon as a stallion has 
passed the evaluation for freezing test

Fig 1 pre printed straws ready to load

We do not like freezing in 5 ml straws for 
the following reasons 1) the surface area 
to volume ratio is less for these straws 
compared to 0.5 ml straws thus some 
semen is difficult to freeze, 2) it is much 
harder to control the rate of freeze in large 
straws, 3) large straws are more fragile 
and frequently crack when being thawed 
and 4) large straws sometime shoot out 
the steel or plastic ball bearing used to seal 
the ends which is extremely dangerous for 
the technician involved (not to mention the 
fright component). Despite technicians that 
use 5 ml straws insisting these problems 
shouldn’t happen, they do happen and 
people freezing in 5, 4 or 2.5 ml straws 
should invest in equipment to freeze in 
0.5 ml straws. If we are forced to thaw 
a 5 ml straw we insist that technicians 
are wearing maximum eye protection. It 
is scary when the ball bearings blow out 
and they can bounce around the room for 
an amazing time. In addition due to the 
reduced surface tension at open ends of the 
5 ml straws or when they crack, it can be 
difficult to keep water out of the semen if an 
opening appears. To help minimize damage 
to semen in straws that have been noted to 
either crack or shoot out the ball bearings 
we often recommend thawing in saline.

Progressively motile spermatozoa (PMS%) 
appears to be better for most stallions 
frozen in 0.5ml straws. Occasionally it is 
either inconvenient to freeze multiple straws 
per insemination dose (5-10) or potentially 
excessively damaging to spermatozoa to be 
centrifuged at a rate capable of providing 1 

X 109 in each 0.5ml straw. We commonly 
freeze a breeding dose of (800 X 106 - 1 X 
109) in a total of 8 X 0.5 ml straws which 

is a 4 ml volume on thawing and 
quite convenient for veterinarians 
to manage the insemination without 
much semen loss in the equipment. 
Clearly a more concentrated sample, 
such as seen trying to freeze a 
dose in one 0.5 ml straw, results in 
significant decrease by dilution of 
the cryoprotectant in the freezing 
extender apart from providing a 
much more difficult sample for the 
recipient technician to manage.

There are other containers available 
for freezing. Initially sperm was frozen 
in pellets, then glass ampoules, then 

aluminium tooth-paste-like tubes and even 
thin sealed packs. Each technician needs 
to decide what effect they can detect 
when freezing in each container available.
Solutions and extenders. Some of the 
solution and extenders have been described 
previously (Amann and Pickett, 1984;Pickett 
and Amann, 1993;Vidament, 2005). The 
GVEH is part of Select Breeders Services 
worldwide group (www.selectbreeders.com). 
We use four different types of extenders. All 
formulas and varying cooling and freezing 
rates are proprietary.

All solutions are prepared accurately using 
high quality deionised water and reagent 
grade chemicals. We prepare freezing 
extenders and centrifuge media in bulk 
and freeze it. The freezing extender is 
frozen in 30 or 50 ml aliquot’s and is not 
stored for longer than 3 months. Centrifuge 
media and extenders are thawed on the 
morning required, prior to collection of 
semen. Unused media is discarded and not 
refrozen unless it is kept to wash through 
the equipment of semi-automatic straw 
loaders immediately prior to packaging.

Some examples of published equine 
extender formulations

Table 3. Composition of the Citrate-
EDTA, and Glucose-EDTA media used 
for centrifugation and extender for 
freezing equine semen (Adapted from 
(Cochran et al., 1984)).

Component  Citrate-EDTA Glucose-EDTA

Glucose (g)  1.5  59.985
Na citrate (g) 25.95  3.7
Disodium EDTA (g) 3.699  3.699
Na bicarbonate (g) 1.2  1.2
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Table 4. Composition of the Lactose-
EDTA media used as an extender for 
freezing equine semen (Adapted from 
(Cochran et al., 1984)).

Table 5 from (Vidament, 2005)

Some freezing extenders and centrifugation 
extenders are often protected by patent 
and are commercially available (e.g. EZ 
Freezin™ “LE” (Lactose EDTA) or E-Z 
Freezin™ “MFR5” (modified French), Animal 
Reproduction Systems, Chino, US; Ghent™, 
Minitube, Landshut, Germany; EqcellSire 
A+B™, IMV, L´Áigle,. France; BotuCrio™, 
www.criovital.com).

Commercial extenders should be sterile, 
quality tested and standardized and 
are convenient. Because of errors in 
measurement and /or contamination of 
media we encourage the use of commercial 
formulations for freezing semen. It should 
be noted, however, that occasionally 
procedures that are designed to sterilise 
media may decrease spermatozoal motility 
(Aurich et al., 2007).

Centrifugation. The gel free portion of the 
ejaculate and is diluted to (roughly) 50 X 106 
spermatozoa per ml or 1:1 with centrifuge 
medium prewarmed to 370C. After though 
mixing the suspension is transferred into 
50 ml centrifuge tubes and centrifuged for 

15 min at approximately 1500-1900 RPM 
(400-600g).

The exact conditions of centrifugation may 
have to be varied to produce a proper 
pellet and depends on the concentration 
of spermatozoa and even its motility. Low 
motility and concentration samples will form 
a firmer pellet in less time.

Centrifugation is a process that damages 
the sperm. An alternative is to freeze 
concentrated spermatozoa collected as the 
sperm rich fraction with an open ended AV.
Most laboratories indicate g forces that are 
from the bottom of the tube. The tables 
below clearly show the effect on g forces 
as the distance from the centre of the tube 
increases. For example if we centrifuged at 
1500 rpm then the bottom of the sample 
would have a force 344 g and the top 
of the tube a force of 130 g if the tubes 
were filled to 50 ml. However if double the 
number of centrifuge tubes were used then 
each tube would have a force at the top of 
extended sample of 238 g as only half of 
the fluid volume would be present in each 
tube (25 ml in this example) at 1500rpm. 
Thus recovery of sperm is increased when 
lower volumes are used to centrifuge. The 
disadvantage of this technique is that more 
sperm can be lost when multiple tubes are 
used due to smaller pellet size and difficulty 
removing the semen without losses.

g= RCF=0.00001118rN2
g= Relative centrifuge force
r= Rotational radius (cm)
N= Rotating speed (rpm)

Table 6. Formula to calculate g forces in 
the centrifuge

Lactose solution (11% w:v) 50 (ml)
Glucose EDTA solution (Table 3) 25 (ml)
Egg Yolk   20 (ml)
Gylcerol   5 (ml)
Equex STM   0.5 (ml)

Centrifuge media Freezing extender
UHT Skim Milk INRA 82
   Egg yolk (v/v) 2%
   Glycerol (v/v) 2.5%

G
cm  5        6          7       8    9 10       11       12   13 14       15

1000rpm 55.9    67.08       78.26     100.6    100.6 111     122.9    134.1   145.3 156.5   167.7
1100rpm 67.5    81          94.5       108    121.5 135     148.5    162   175.5 189      202.5
1200rpm 80.5    96.6         112.7     128.8    144.9 161     177.1    193.2   209.3 225.4   241.5
1300rpm 94.5    113.4       132.3     151.2    170.1 189     207.9    226.8   245.7 264.6   283.5
1400rpm 110     132          154       176    198 220     242       264   286 308      330
1500rpm 125     150          175       200    225 250     275       300   325 350      375
1600rpm 143     171.6       200.2     228.8    257.4 286     314.6    343.2   371.8 400.4   429
1700rpm 161.5   193.8      226.1     258.4    290.7 323     355.3    387.6   419.9 452.2   484.5
1800rpm 181     217.2       253.4     289.6    325.8 362     398.2    434.4   470.6 506.8   543
1900rpm 201.1  241.3       281.6     321.8    362.0 402     442.5    482.7   522.9 563.2   603.4
2000rpm 223.5  268.2       312.9     357.6    402.3 447     491.7    536.4   581.1 625.8   670.5
2100rpm 246.5  295.8       345.1     394.4    443.7 493     542.3    591.6   640.9 690.2   739.5
2200rpm 270.5  324.6       378.7     432.8    486.9 541     595.1    649.2   703.3 757.4   811.5
2300rpm 295     354          413       472    531 590     649       708   767 826      885
2400rpm 320     384          448      512    576 640     704       768   832 896      960
2500rpm 349.5  419.4       489.3     559.2    629.1 699     768.9    838.8   908.7 978.6   1048.5
3000rpm 503     603.6       704.2    804.8    905.4 1006   1106.6   1207.2   1307.8 1408.4  1509
3500rpm 685     822          959      1096    1233 1370   1507      1644   1781 1918    2055
4000rpm 895     1074        1253     1432    1611 1790   1969      2148   2327 2506    2685

Table 7 Gravitational (g) forces listed at the distance from the centre of the rotor 
at varying rpm
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Table 8 g forces at the specific depth of 
fluids (calculated for our centrifuge).

Another process becoming more popular is 
the use of a cushion fluid deposited at the 
bottom of the centrifuge tube. The layer or 
cushion enables high speed centrifugation 
(1000 g for 20 minutes). The cushion fluid 
is 60% wt/vol iodixanol in water and is a 
significantly denser medium than the sperm 
extender mixture.

It is marketed as Optiprep™ (Axis-Shield, 
Oslo, Norway); Eqcellsire™ Component B 
(IMV, LÁigle, France) and CushionFluid™ 
(Minitüb, Landshut, Germany). We have 
recently evaluated this for freezing of 
spermatozoa and have been very impressed 
with the differences in post centrifuge 
motility of semen compared to our more 
traditional two stage centrifuge. In addition 
very high recovery rates are found. 

It is assumed a 95% recovery rate with 
1000 g for 20 minutes is achievable; 
however it is prudent to always examine 
the supernatant to assure that it is nearly 
sperm free. Regardless, good laboratory 
procedures would dictate a measurement 
of final spermatozoa concentration prior 
to loading straws. This can be achieved 
with a Nucleocounter (SP 100TM), a CASA 
with killed sperm and LejaTM slides or a 
haemacytometer count.

Fig 2 Layer of sperm on cushion fluid 
post centrifuge

The type of iodixanol cushion medium used 
(i.e., OptiPrep™, Eqcellsire® Component 
B, or Cushion Fluid™) does not impact 
post-centrifugation semen quality. Use of 
extenders with high viscosities may result in 
reduced sperm sedimentation rates during 
centrifugation. Still another possibility is 
the use of glass nipple-bottom tubes (Pesce 
Laboratory Sales, Kenneth Square, PA, USA) 
combined with a small volume (~30μl) of 
cushion fluid. This maximum recovery when 
low numbers of spermatozoa are provided 
in an ejaculate. In addition after aspiration 
of supernatant the resuspension of sperm 
pellet and cushion fluid together in extender 
and then AI without removal of the cushion 
fluid is possible. It has been reported 
that high speed cushioned centrifugation of 
stallion semen had no detrimental effect on 
fertility (Ecot et al., 2005).

Apparently is better to use an opaque semen 
extender (NFDSM) rather than an optically 
clear extender (Waite et al., 2008). ‘Two 
experiments were conducted to investigate 
modifications in cushioned centrifugation of 
stallion semen. Specifically, the effects of 
tube type, centrifugation medium, cushion 
type, and centrifugation force on post-
centrifugation sperm recovery rate and 
quality were evaluated. In Experiment 1, 
sperm recovery rate was higher (P<0.05) 
in conventional plastic conical-bottom 
tubes (103%) than in newly developed 
glass nipple-bottom tubes (96%) following 
cushioned centrifugation; however, 
several measures of semen quality (i.e., 
% total motility [MOT], % progressive 
motility [PMOT], curvilinear velocity, and 

  3.7cm 5.2cm 6.9cm 8.6cm 10.3cm 12cm 13.7cm

G  60ml 50ml 40ml 30ml 20ml 10ml 0ml

1000rpm 41 58 77 96 115 134 153
1100rpm 58 70 93 116 140 162 185
1200rpm 60 84 111 139 166 193 221
1300rpm 70 98 130 163 195 227 259
1400rpm 81 114 152 189 227 264 301
1500rpm 93 130 174 216 259 302 344
1600rpm 106 149 197 246 295 343 395
1700rpm 120 168 223 278 333 388 443
1800rpm 134 188 250 311 373 434 496
1900rpm 149 209 278 346 416 484 553
2000rpm 165 232 309 384 460 536 612
2100rpm 182 256 340 424 508 592 675
2200rpm 200 281 373 465 557 649 741
2300rpm 219 307 408 509 608 710 810
2400rpm 238 336 444 554 663 773 882
2500rpm 259 363 482 601 719 838 957
3000rpm 372 523 694 865 1036 1207 1378
3500rpm 567 712 944 1177 1410 1642 1875
4000rpm 662 930 1234 1538 1842 2147 2450
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average-path velocity) yielded higher 
values following centrifugation in nipple-
bottom tubes (P<0.05). Sperm recovery 
rate following cushioned centrifugation was 
similar between semen previously diluted 
in optically clear centrifugation extender 
(100%) and semen diluted in opaque 
centrifugation extender (100%); however, 
MOT and PMOT were higher in semen 
subjected to cushioned centrifugation in 
opaque extender (P<0.05). 

An extender by tube-type interaction was 
not detected for recovery rate or post-
centrifugation semen quality. In Experiment 
2, sperm recovery rate following cushioned 
centrifugation in nipple-bottom tubes was 
similar when forces of 400xg or 600xg 
were applied (90 and 90%, respectively; 
P>0.05), and no resulting differences in 
semen quality were detected between 
these treatment groups (P>0.05). The type 
of iodixanol cushion medium used (i.e., 
OptiPrep, Eqcellsire Component B, or Cushion 
Fluid did not impact post-centrifugation 
semen quality, based on the laboratory 
values measured (P>0.05). In conclusion, 
cushioned centrifugation of stallion semen 
in either conical-bottom or nipple-bottom 
tubes yielded a high sperm harvest, while 
maintaining sperm function. An optically 
opaque extender, commonly used in the 
equine breeding industry, can be used to 
achieve this goal’(Waite et al., 2008)

The supernatant is discarded taking care not 
remove any sperm from the pellet and the 
semen is reconstituted in the appropriate 
volume of freezing extender, which has been 
placed on the bench from the incubator (at 
370C) at the beginning of centrifugation. 
At this time both the centrifuged sample 
and the extender have cooled to between 
22-270C (providing centrifuge holders 
are prewarmed and the laboratory is 
thermostatically controlled). Note: For the 
first few times a particular stallion is frozen 
the concentration of spermatozoa remaining 
in the centrifuge medium should be used 
to determine the number of spermatozoa 
lost through processing. Select Breeder 
Service laboratories always count the final 
concentration of spermatozoa prior to loading 
straws (see above).We normally expect a 
recovery of 80% of the spermatozoa that are 
centrifuged at 400-600g and 95% at 1000g. 
A 10% reduction in spermatozoal motility 
associated with centrifugation is acceptable 
but we generally do not see this with a 

cushinoid centrifuge. For most laboratories 
the aim is to have one billion (109) (range 
800 X 106 to 1 X 109) spermatozoa 
per insemination dose, regardless of the 
progressive motility. This is based on trail 
freezes with acceptance only of stallions with 
a post freeze progressive motility of >30%. 
At least one study (Volkmann and van Zyl, 
1987) has demonstrated significantly better 
pregnancy rates by increasing the number 
of PMS from 175 x 106 to 249 X 106.

Packaging. Straws should be labelled with 
the stallions name, the registration number 
(if applicable), the breed, the processing 
center and the date of collection. Our 
preferred method for sealing the 0.5 ml 
straws is with coloured plastic balls that 
are seated in about 3 mm. We use a semi-
automatic straw filling and sealing machine 
from IMV. 0.5 ml polyvinylchloride straws 
can also be sealed with PVC powder or heat 
sealed at the opposite end to the cotton 
plug. 5 ml or 2.5 ml straws can be sealed 
with coloured plastic beads or ball bearings. 
When loading semen, failure to have an 
air bubble within the fluid column, to allow 
for rapid expansion of ice crystals during 
thawing, may result the straw exploding.

Cooling. Although not universally accepted, 
we find that for most stallions, slow cooling 
of the straws from room temperature to 
50C at a rate of ~-0.1/min improves the 
progressive motility of the frozen/thawed 
spermatozoa. This is more apparent when 
using certain types of freezing extenders.

Freezing. The use of programmable freezers 
produces the most consistent freezing of 
straws, however straws have also been 
successfully frozen over a liquid nitrogen 
vapour. To freeze over a vapour a specific 
quantity of liquid nitrogen is placed in 
a styrofoam container, usually up to a 
designated line, relative to the height of the 
freezing rack. For 0.5ml straws, positioning 
the straws between 1-8 cm above the 
surface has been advocated. Straws remain 
at this position for 5-10 min and are then 
plunged into liquid nitrogen. Considerable 
experimentation with each individual stallion 
is necessary with each individual stallion to 
provide the most optimum cooling rate. Five 
ml straws are placed 1-3 cm above the level 
of liquid nitrogen for 15-20 min and then 
plunged. When the straws are in the liquid 
nitrogen vapour they can cool to -1600C if 
left long enough. They are stored at -1960C 
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in the liquid nitrogen.

Mechanical freezers usually cool at a rate of 
100C/min to -150C and 
then from 250C/min 
from -15 to -1200C. 
Straws are held at 
-1200C for 2-3 min 
and then plunged into 
liquid nitrogen.

Thawing. A variety of 
different regimes have 
been proposed.

1) For 0.5 ml straws 
(PVC) they can 
either be thawed 
by placing then in 
370C water bath 
for 30 seconds or 
>, or into 750C 
for exactly 7 secs 
then into 370C for 
at least 5 secs (Pickett and Amann, 
1993).

2) For 2.5 ml straws are recommended 
to be thawed for 5 min in a 370C 
waterbath.

3) 5 ml straws are placed in a 500C 
waterbath for 45 sec and then into 
370C for at least 10 sec.

Post thaw evaluation. Post thaw quality of 
spermatozoa representing each ejaculate 
processed should be evaluated approximately 
0-2 days after the freeze. This should 
prevent semen being frozen from a stallion 
if he has a decrease in semen quality whilst 
at the collection facility.

Two straws representing each freeze should 
be examined. The entire contents of the 
straw should be discharged into prewarmed 
extender at 370C. 

The extender semen ratio should be 
adjusted to give a final concentration for 
motility evaluation of ~ 20 X 106. Motility 
estimates should be made at 0 and 30 min 
after thawing (semen maintained at 370C). 
Criteria for acceptability is commonly 30% 
PMS at thaw and > 40% PMS at 30 min.
We use a CASA (computer automated sperm 
analysis) system from Hamilton Thorn 
Biosciences (CEROS). This equipment allows 
operators to evaluate the semen accurately 
without influences of prejudice.

Fig 3 The CEROS CASA system. Recall 
track mode.

A minimum accepted dose is 200 X 106 
motile spermatozoa. The decision as to 
whether to accept semen of lesser quality 
will depend on factors such as stallion age 
and value of the offspring etc. Utilising the 
above techniques above our aim is always 
to provide at least between 300 X 106 PMS 
per insemination dose.

Facilities available for the use of artificial 
insemination of horses.

As frozen/thawed semen has a short half-
life, insemination must take place close 
to ovulation. This necessitates frequent 
examination of the mare as often as may 
be required to accurately predict ovulation. 
It is considered that manual palpation 
alone will not provide sufficiently reliable 
evidence on when to predict ovulation and 
thus facilities should include the capabilities 
of ultrasonographic examination of follicular 
development.

Facilities should be available to breed 
the mare under cover with adequate 
restraint to avoid damage to the mare or 
personnel involved in with the procedure. 
Restraining devices such as stocks should 
be immediately adjacent to the semen 
handling area or laboratory and should be 
constructed to avoid damage to the semen 
by temperature fluctuation or contamination 
before insemination.
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Semen Handling: Stallion spermatozoa are 
fragile, easily damaged and short lived. 
They are susceptible to cold-shock, direct 
sunlight, many antibiotics and low levels 
of residues that may be left on the liners 
of artificial vaginas, glassware and other 
receptacles with which the semen may 
come in contact. Care should be taken 
to assure that all contact surfaces are 
made of non-spermicidal material, are 
thoroughly cleaned and have been rinsed 
with de-ionised water.

Before insemination, all handling and 
preparation of semen should take place in a 
clean room close to the insemination area. 
This room should be heated or cooled to 
maintain a temperature of 22-260C and the 
following equipment must be available:

a) a microscope (preferably with a 
heated stage) for evaluating viability 
of spermatozoa (progressively motile 
sperm) at 200 x magnification and 
preferably with phase contrast,

b) an incubator maintaining temperature 
at 370C , and

c) a water bath for thawing spermatozoa 
which is capable of accurately 
maintaining the temperature specified 
for thawing different batches of 
semen.

Mare Insemination: The mare should be 
cleaned and prepared following normal 
procedures for artificial insemination. Prior 
to thawing semen, all equipment should be 
prepared and made ready. Care should be 
taken to avoid spermicidal preservatives in 
lubricants by using KY gel. If the thawed 
semen needs to be removed from its 
receptacle (ie. glass ampoule or 5 ml straws) 
prior to insemination, then care should be 
taken to avoid using syringes with rubber 
plungers (the lubricant in these syringes has 
been demonstrated to be spermicidal).

Management of mares inseminated artificially 
with frozen semen.

Try to assure that only mares of normal 
fertility are bred with frozen semen.

Pre-breeding Evaluation: The requirements 
for pre-breeding gynaecological examination 
will vary according to the veterinarian and 
status of the mare. Most mares should be 
cultured and demonstrated negative for 
venereal pathogens (Klebsiella pneumoniae, 

Pseudomonas aeruginosa and Taylorella 
equigenitalis). Ultrasonographic examination 
should be used to determine that the mare 
has no signs of uterine inflammation (fluid). 
Other examination procedures such as 
uterine cytology, biopsy, endoscopic exam, 
digital manipulation of the cervix, etc. may 
be necessary depending upon the history 
of the mare to be bred, her age and recent 
foaling complications etc.

Timing of insemination with frozen semen: 
Although the frozen thawed spermatozoa 
from some stallions may survive 24 hours 
or more after insemination, best results 
are achieved if the semen is inseminated 
in a period from 12 hours before, until 
a maximum of 6 hours after ovulation. 
Insemination greater than 6 hours after 
ovulation results in a decreased chance 
of conception and an increased incidence 
of early embryonic death. Because each 
breeding unit of frozen semen is expensive 
to produce, it is recommended mares are 
bred a maximum of 2 times per cycle, 
and preferably once. There are various 
ways that a mare can be managed during 
the insemination period to optimise the 
time of insemination and vary according 
to economic considerations, facilities and 
veterinary experience:

A) Ultrasonographic examination every 6 
hours. Mares are inseminated immediately 
ovulation has been detected.
B) 12-24 hourly examination. 
Ultrasonography is used to determine when 
the follicle(s) is immediately pre-ovulatory. 
The mare is inseminated immediately and 
re-checked in 12-24 hours. If ovulation 
has not occurred 24 hours later, the mare 
is re-inseminated at each inspection until 
ovulation has occurred. This will result in 
the use of more semen.
C) Ovulation induction. When 
ultrasonographic evaluation of a mare in 
early oestrus reveals the presence of 30-35 
mm follicle and she is treated with 3000 IU 
of hCG (i.v.) then most mares will ovulated 
in 36 + 4 hours. Under these circumstances, 
the mare is examined at hCG + 12 hours 
then + 24 hours . The mare may be 
inseminated at this time and re-inseminated 
24 hours later if she has not ovulated (hCG 
+ 48 hours). An alternative method is to 
inseminate all mares once at hCG + 36 
hours. The advantages of using hCG are 
that it limits the number of examinations, 
while still allowing flexibility in relation to 
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time of insemination. If pregnancy is not 
established, then subsequent cycles may 
be best managed with the use of another 
ovulation-inducing agent (Deslorelin -GnRH) 
(McKinnon et al., 1992) in those mares 
where hCG antibodies may result in a varied 
or less predictable response. 

Using Deslorelin we anticipate ovulation at 
41 ± 3 hours (McKinnon et al., 1997). So 
mares are commonly treated with Deslorelin 
at 7 pm. With this approach we find most 
mares ovulate from 6 am to 4 pm, two 
days after the 7 pm administration (41 
hours ± two Standard Deviations or 6 
hours) (Fig 5). When treated with either 
ovulation drug, if time and facilities permit 
(i.e. a referral hospital) we would examine 
those mares at hCG/Deslorelin Q 6 hours 
until ovulation is confirmed. This has the 
advantage of continually monitoring fluid 
and also avoiding breeding mares that have 
abnormal ovulations such as AHF’s.

Fig 4 Adapted from (McKinnon et al., 
1997)

Artificial insemination: The mare should be 
restrained and then prepared for breeding 
as hygienically as possible and clean water 
should remove all traces of spermicidal 
antiseptic soaps, etc. After the frozen semen 
has been thawed according to the suppliers 
recommendations, it should be inseminated 
immediately. When the breeding dose is 
contained in one 0.5 ml straw, it will be 
difficult to evaluate the motility of the 
spermatozoa from samples bred. In these 
cases, recommendations are to sacrifice 
1-2 straws in every 10 processed to assess 
the motility from each ejaculate. On other 
occasions, when semen needs to be placed 
inside a syringe prior to insemination, it is 
possible to check the motility after breeding 
from residues left within the A.I. pipette or 
syringe. Accurate evaluation will only be 

possible after the semen has been warmed 
to 37oC for 5 minutes (use a warmed slide 
and cover slip). If possible, insemination 
should be performed as far up the uterine 
horn ipsilateral to the ovulatory follicle as 
possible.

Post-artificial insemination examination: 
Mares should routinely be examined 24 
hours after breeding to ensure ovulation 
has occurred and that there is no evidence 
of uterine fluid which may necessitate intra-
uterine or systemic anti-bacterial treatment. 
Post-breeding surgery such as Caslick may 
be performed at this time. Ultrasonography 
should be used 14-15 days after breeding 
to determine if the mare has conceived, has 
twins, etc.

Management of Mares for Frozen Semen 
Insemination as recommended by Select 
Breeders Services.

1. Verify that the mare is a suitable 
candidate for AI with frozen semen 
by performing a routine reproductive 
exam including culture, cytology and 
biopsy when indicated. Data suggests 
that aged (>15 years) or repeatedly 
barren mares will have a significantly 
reduced pregnancy rate and should 
not be selected for use with frozen 
semen.

2. Once the mare comes into oestrus, 
palpate and/or scan daily to monitor 
follicular activity.

3. Upon detection of a large (35-40 mm) 
pre-ovulatory follicle, administer hCG 
or Deslorelin.

4. If more than one dose of semen is 
available for insemination on a given 
heat cycle:

a. Continue to examine the mare via 
ultrasound once daily and inseminate a 
single dose of frozen semen 24 hours 
after hCG or Deslorelin administration.

b. Examine the mare 18 hours after 
insemination and inseminate a second 
dose of frozen semen even if the mare 
has already ovulated.

c. Examine the mare the following day to 
confirm ovulation. Insemination of a 
third dose may be required if the mare 
has still not ovulated.

Note: A general goal for mares inseminated 
with frozen semen is to inseminate 
within 12 hrs prior to or within 6 hrs 
after ovulation. This protocol insures 
that viable sperm are in the oviduct 
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Fig 4 Adapted from (McKinnon et al., 1997) 

Artificial insemination:  The mare should be restrained and then prepared for breeding as hygienically as 
possible and clean water should remove all traces of spermicidal antiseptic soaps, etc.  After the frozen 
semen has been thawed according to the suppliers recommendations, it should be inseminated immediately.
When the breeding dose is contained in one 0.5 ml straw, it will be difficult to evaluate the motility of the 
spermatozoa from samples bred.  In these cases, recommendations are to sacrifice 1-2 straws in every 10 
processed to assess the motility from each ejaculate.  On other occasions, when semen needs to be placed 
inside a syringe prior to insemination, it is possible to check the motility after breeding from residues left 
within the A.I. pipette or syringe.  Accurate evaluation will only be possible after the semen has been 
warmed to 37oC for 5 minutes (use a warmed slide and cover slip).  If possible, insemination should be 
performed as far up the uterine horn ipsilateral to the ovulatory follicle as possible. 
Post-artificial insemination examination:  Mares should routinely be examined 24 hours after breeding to 
ensure ovulation has occurred and that there is no evidence of uterine fluid which may necessitate intra-
uterine or systemic anti-bacterial treatment.  Post-breeding surgery such as Caslick may be performed at this 
time.  Ultrasonography should be used 14-15 days after breeding to determine if the mare has conceived, 
has twins, etc. 

Management of Mares for Frozen Semen Insemination as recommended by Select Breeders Services. 

1. Verify that the mare is a suitable candidate for AI with frozen semen by performing a routine 
reproductive exam including culture, cytology and biopsy when indicated. Data suggests that aged 
(>15 years) or repeatedly barren mares will have a significantly reduced pregnancy rate and should 
not be selected for use with frozen semen.

2. Once the mare comes into oestrus, palpate and/or scan daily to monitor follicular activity. 
3. Upon detection of a large (35-40 mm) pre-ovulatory follicle, administer hCG or Deslorelin. 

4.  If more than one dose of semen is available for insemination on a given heat cycle: 

a. Continue to examine the mare via ultrasound once daily and inseminate a single dose of frozen 
semen 24 hours after hCG or Deslorelin administration.

b. Examine the mare 18 hours after insemination and inseminate a second dose of frozen semen
even if the mare has already ovulated. 

c. Examine the mare the following day to confirm ovulation. Insemination of a third dose may be 
required if the mare has still not ovulated. 

Note: A general goal for mares inseminated with frozen semen is to inseminate within 12 hrs prior 
to or within 6 hrs after ovulation. This protocol insures that viable sperm are in the oviduct during 
that interval for any mare that ovulates within a period of 18 to 54 hours following administration
of hCG or Deslorelin.
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during that interval for any mare that 
ovulates within a period of 18 to 54 
hours following administration of hCG 
or Deslorelin.

5. If only one dose of semen is available 
for insemination:

a. Examine the mare via ultrasound at 
6-hour intervals starting 12-24 hours 
after hCG or Deslorelin administration.

b. Inseminate the single dose of frozen 
semen as soon as ovulation is detected. 
It is extremely important that mares 
being inseminated post-ovulation are 
inseminated within 6 hours of ovulation. 
A significant reduction in fertility will 
occur if mares are inseminated more 
than 6 hours post ovulation.

6. Mares that exhibit a delayed clearance 
of post-mating induced fluid should be 
treated with oxytocin greater than 4 
hours after each breeding or the last 
breeding and/or uterine lavage to aid 
in the mechanical expulsion of fluid 
from the uterus.

Suggested schedule for insemination of 
mares with frozen semen when more than 
one dose is available:

The schedule detailed below (Loomis, 2001) 
Squires, et al 2006) is useful for instances 
when ovulation induction is difficult because 
mares are presented for examination later 
than ideal and thus mares may ovulate 
early, and when ability to examine the mare 
multiply is difficult, and when economics 
suggest it is best to multiply inseminate 
rather than incur travel expenses or other 
associated costs.

Daily examinations during oestrus (any 
time)

Day 0 : Day of 35 to 40 mm follicle 
detection

Administer hCG or Deslorelin at approximately 
4:00 PM
Day 1 : Inseminate a single dose of frozen 
semen at 4:00 PM (24 hrs post injection)

Day 2 : Inseminate a second single dose 
of frozen semen at 10:00 AM (42 hrs post 
injection)

Day 3 : Examine to confirm ovulation and 
inseminate a third dose if the mare has not 
ovulated at 8:00 AM

Pregnancy rates.

The only accurate indicator of fertility is 
pregnancy rate per cycle. Pregnancy rate at 
the end of the season is influenced by the 
number of cycles that mares are bred, the 
fertility per cycle and in many cases good or 
poor management practices. Table 9 shows 
the theoretical pregnancy rate for matings 
with a theoretical probability of between 
10% and 70% pregnancy rate per cycle. 
Examination of table shows that a stallion 
a 20% pregnancy rate/cycle can have 80% 
of his mares pregnant after 7 cycles which 
would not be different from a stallion with 
an expected outcome of 40% per cycle after 
three cycles or two cycles at 50% pregnant 
per cycle. Similarly 88% of mares would 
be pregnant after three cycles at 50% per 
cycle, 4 cycles at 40% per cycle, 6 cycles 
at 30% per cycle and 9 cycles at 20% per 
cycle.

Table 9. The effect of multiple cycles 
on cumulative pregnancy rate for 
matings of various theoretical outcome 
(pregnancy rate per cycle).

TRUE FERTILITY (Pregnancy/cycle %)

* Implies that if 10 mares are bred for 
one cycle the fertility may be represented 
by results of anywhere from 0 to 4 mares 
pregnant with a true fertility of 15% per 
cycle. Adapted from (Pickett et al., 1987)

Pregnancy rate  70% 60%    50%    40% 30%    20%    10%
per cycle

 Cycle 1     70 60       50      40 30       20      10
 2      91 84       75      64 51       36      19
 3      97.3 93.6    87.5     78.4 65.7    48.8     27.1
 4      99.1 97.4    93.7     87.0 75.9    59.0     34.3
 5      99.7 98.9    96.8     92.2 83.1    67.2     40.9
 6      99.9 99.5    98.4     95.3 88.2    73.7     46.8
 7      99.9 99.8    99.2     97.2 91.7    79.0     52.1

5. If only one dose of semen is available for insemination:

a. Examine the mare via ultrasound at 6-hour intervals starting 12-24 hours after hCG or 
Deslorelin administration.

b. Inseminate the single dose of frozen semen as soon as ovulation is detected. It is extremely
important that mares being inseminated post-ovulation are inseminated within 6 hours of 
ovulation. A significant reduction in fertility will occur if mares are inseminated more than 6 
hours post ovulation. 

6. Mares that exhibit a delayed clearance of post-mating induced fluid should be treated with oxytocin 
greater than 4 hours after each breeding or the last breeding and/or uterine lavage to aid in the 
mechanical expulsion of fluid from the uterus. 

Suggested schedule for insemination of mares with frozen semen when more than one dose is available: 

The schedule detailed below (Loomis, 2001) Squires, et al 2006) is useful for instances when ovulation 
induction is difficult because mares are presented for examination later than ideal and thus mares may ovulate 
early, and when ability to examine the mare multiply is difficult, and when economics suggest it is best to 
multiply inseminate rather than incur travel expenses or other associated costs. 

Daily examinations during oestrus (any time)

Day 0 : Day of 35 to 40 mm follicle detection 
Administer hCG or Deslorelin at approximately 4:00 PM 

Day 1 : Inseminate a single dose of frozen semen at 4:00 PM (24 hrs post injection) 

Day 2 : Inseminate a second single dose of frozen semen at 10:00 AM (42 hrs post injection) 

Day 3 : Examine to confirm ovulation and inseminate a third dose if the mare has not ovulated at 8:00 
AM

hCG/
Deslorelin
0 hours 

Hrs after injection

4     6     8    10   12    14   16   18   20    22   24   26   28   30    32   34   36   38   40    42   44   46   48   50 52   54   56
58

Mares ovulating during this period will have been 
inseminated within 6 hours after or within 12 
hours prior to ovulation.

 Second AI   First AI 
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Table 10 SELECTED 95% CONFIDENCE 
INTERVALS FOR A THEORETICAL 
BINOMIAL SUCH AS PREGNANCY

Many studies and many semen centres 
report the overall pregnancy rate only and 
from the above discussion it should be clear 
that the pregnancy rate per cycle is the 
important figure to ascertain to recognise 
the true fertility of the sample. This becomes 
even more important when we are advising 
clients on the purchase of a set number of 
straws. If the fertility is only 30% per cycle 
and the number of straws retailed is 3 then 
the probability of having a mare pregnant 
in this scenario is only 66% after three 
attempts (cycles).

Comparisons between pregnancy rates 
of reported different breeding trials are 
generally invalid because of limited number 
of mares per stallion (Amann, 1989b;Amann, 
2005).

‘Apparent fertility of a male or group 
of females is considered frequently by 
veterinarians or animal scientists. 
Unfortunately, concepts of experimental 
design and statistics impacting validity 
and interpretation of values for average 
pregnancy rate frequently are ignored. The 
magnitude of this problem was documented 
by examination of published papers; 51 of 
67 (76%) were considered flawed for one 
or more reasons. The discussion considers 
why: (a) conclusions from most published 
fertility studies reporting no significant 
difference due to treatment(s) are suspect, 
because too few males and/or females were 
used; (b) the experimental unit in an IVF 
study should be a droplet of coincubating 
gametes rather than an ovum; (c) apparent 
fertility of a male is profoundly influenced 
by the range in actual fertility of the females 
with which he was mated, and thus might 
shift over a two- to three-fold range; and 
(d) scientists should refrain from conduct 
of studies destined to be inconclusive, and 
should be candid in reporting each fertility 
trial. It was emphasized that no fertility data 
were better than an imprecise average value 
for a given male or a conclusion based on 
an inadequate research study or incomplete 

report of what was done.’(Amann, 2005)

Refer to table 10 to determine that if 
the true fertility is 35% pregnancy per 
cycle and only twenty mare cycles were 
evaluated, then the actual pregnancy rate 
may be anywhere from 14%-56% and still 
be within the 95% confidence limits. Even 
breeding 100 mare cycles only reduces the 
95% confidence interval to between 25 
and 45 mares pregnant. In addition, many 
studies have failed to provide data from 
control inseminations with fresh semen 
from the same stallion at the same time of 
year; frequently there are differences in the 
number of spermatozoa per insemination 
and the timing of insemination relative to 
ovulation (Pickett and Amann, 1993). Some 
examples of these studies are listed below.
Nishikawa (Nishikawa, 1975) presented data 
on pregnancy (conception rates) averaging 
56.3% from studies between 1966-73. 
These were overall pregnancy rates from 
frozen semen. As an interesting aside, in the 
process of developing a suitable extender 
to freeze with, he looked at the fertility of 
sperm that had been cooled to 40C and 
stored for 8 hours and demonstrated an 
average pregnancy rate of 67.3%. They 
used egg yolk as an extender and this may 
be the first report of commercial cooling and 
transporting of equine semen.

Pace and Sullivan (Pace and Sullivan, 
1975) examined the effect of time of 
insemination, number of spermatozoa and 
extender components on the pregnancy rate 
of mares bred with frozen semen and found 
that fertilization rate was highest when 
mares were inseminated within 12 hours 
of ovulation, foaling rate was improved by 
increasing the number of motile spermatozoa 
per insemination (80 X106) and that 
pregnancy rate was improved by reducing 
glycerol from 7% to 2% and delaying 
freezing for two hours after extension. They 
also demonstrated the toxicity of glycerol 
by reporting a pregnancy rate per cycle for 
mares inseminated with unextended semen 
of 75%, extended semen without glycerol of 
50% and extended semen with 7% glycerol 
of 35%.

The most notable early work with frozen 
equine semen performed in Europe was by 
Merkt and Klug. Merkt et al reported on the 
results of the long term storage of semen 
frozen by pellets and later a pregnancy rate 
per cycle of 22% for a total number of mares 

Number Mares
or Cycles  15 35 50 65 85
10   0-38* 5-65 19-81 35-95 62-100
15   0-33 10-60 24-76 40-90 67-100
20   0-31 14-56 28-72 44-86 69-100
25   1-29 16-54 30-70 46-84 71-99
100   8-23 25-45 40-60 56-74 77-92
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pregnant of 50% at the end of the season. 
Martin et al (Martin et al., 1979) compared 
dilution and pellet freeze to centrifugation 
with and without extender. They were first 
to freeze in large volume (4ml) straws and 
obtained a pregnancy rate per cycle of 63%. 
Tischner (Tischner, 1979) using aluminium 
packages and freezing a non centrifuged 
sperm rich fraction reported a pregnancy 
rate per cycle of 32% for frozen compared 
to 52% for fresh, however the numbers 
were low (4/44 and 11/17, respectively).

Researchers in Colorado (Cochran et al., 
1983) reported pregnancy rates from three 
stallions of 17%, 33% and 35% per cycle 
compared to 60%, 62% and 64% per cycle 
for fresh semen from the same stallions 
respectively. In addition they (Cristanelli et 
al., 1985) reported that the best extender 
based on % PMS after thawing was non 
clarified, lactose-EDTA-egg yolk extender 
containing 20% egg yolk and 4% glycerol. 
However we should always be wary of 
studies that use as an end point PMS rather 
than pregnancy rate, as progressive motility 
only measures a sperms ability to swim not 
whether it has survived the damages of 
freeze/thaw well enough to still be capable 
of fertilisation (Amann, 1989a;Amann and 
Pickett, 1987). 

Also in Colorado in 1983 procedures had 
improved such that from 36 mare cycles 
frozen semen resulted in 50%, 56% and 
51% pregnancy rate per cycle, to give 
frozen as % of fresh of 75%, 84% and 
100% respectively (mean 86%) (Amann and 
Pickett, 1987;Pickett and Amann, 1993). 
However, as a good demonstration of how 
individual stallions can effect results, the 
next year that using the same procedures 
and different stallions the results were 10%, 
30% and 61% for frozen as a % of fresh 
(mean 40%) and the individual pregnancy 
rates of frozen semen were 8%, 21% and 
48% per cycle (mean 30% per cycle). 
Further experiments were performed to 
ascertain if minor variations had occurred 
to explain the differences. It was finally 
concluded that it was individual stallion 
differences.

Muller (Muller, 1982) reported an overall 
pregnancy rate of 64% in 1982 and in 1987 
(Muller, 1987), he reported a pregnancy rate 
of 56%. More importantly he reported on 
differences between the fertility of individual 
stallions (29% -62%) and pregnancy rates 

from 0-79% associated with different 
technicians. In France (Rousset et al., 
1987) it was demonstrated that for semen 
evaluation the highest repeatability was 
% of motile spermatozoa in both raw and 
extended semen prior to or after storage 
and that in relation to season and frequency 
of ejaculation on suitability of stallion semen 
for freezing it was demonstrated (Magistrini 
et al., 1987) that winter was probably the 
best time to freeze semen due to lower 
volumes of gel free semen and a high sperm 
concentration. However, it was noted that 
sexual behaviour was not as good and that 
optimisation of frequency of ejaculation and 
season did not change a “bad freezer” into 
a good one.

In South Africa (Volkmann and van Zyl, 
1987) it was demonstrated using pony 
stallions that an overall pregnancy rate of 
55% per cycle was possible. Pregnancy 
rates were significantly improved from 
44% to 73% per cycle, when the number 
of progressively motile spermatozoa per 
insemination were increased from 175 X 
106 to 249 X 106. They recommended 
that serving with a post thaw progressive 
motility of > 30% was appropriate and that 
insemination be performed every second 
day with a minimum of 220 X 106, once 
preovulatory follicle was identified.

In Texas (Kloppe et al., 1988) a study 
was designed to evaluate the effect of 
insemination timing on the fertilisation 
capacity of frozen/thawed semen. Mares 
were inseminated with either fresh semen 
every other day, frozen/thawed semen every 
other day or frozen/thawed semen within 6 
hr after ovulation for a pregnancy rate of 
70%, 60% and 55% per cycle respectively 
(N=20/group, P> 0.05). This coupled with 
the work from Wisconsin (Pace and Sullivan, 
1975;Woods et al., 1990), suggest that 
insemination should be performed as close 
as possible to ovulation and that not after 6 
hr. In France, Arnaud Evain of Equi-technic 
quoted by (Pickett and Amann, 1993), 
showed a pregnancy rate per cycle for those 
stallions breeding more than 15 mares with 
fprzen semen of between 26% and 56% 
and an end of season pregnancy rate of 
between 22% and 89%.

In Canada(Samper et al., 1991), 177 mares 
were bred from 32 frozen ejaculates from 
9 stallions (mean number of mares per 
stallions was 19) for a first cycle pregnancy 
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rate of between 32-70% (mean 50.5%) and 
a final number of pregnant mares of 60-90% 
(mean 72.4%). All mares were inseminated 
with 1 X 109 spermatozoa regardless of 
the quality. At Colorado (Jasko et al., 1992) 
embryo recovery rates were reported for 
thermoelectrically cooled semen of 74% 
(31/42) and 56% (23/41) for frozen thawed 
semen. Individual stallion pregnancy rates 
for frozen semen (3 stallions) were 47%, 
57% and 64% per cycle for a percentage 
of frozen compared to cooled of 75%, 67% 
and 82% with an overall result of 74%.

Although more mares have been bred with 
frozen semen in China and Russia than the 
rest of the world combined, there is little 
solid data apart from total pregnancy rates 
or personal communications (Pickett and 
Amann, 1993). Results for both countries 
are around 65% of the mares becoming 
pregnant. For example Piao and Wang (Piao 
and Wang, 1988) reported on the breeding 
of 59,111 mares and jennies between 1982-
1987 for an average conception rate of 
66.3% (total number pregnant) and a per 
cycle pregnancy rate of between 45-60% 
(average 53.1%).

In Australia, Dowsett et al (Dowsett et al., 
1995) reported on the use of non centrifuged 
semen frozen in glycerol/UHT skim milk/egg 
yolk/fructose extender after being cooled, 
transported and held in extender around 
three hours. They used a minimum of 
300 X 106 live, normal spermatozoa per 
insemination from each of four stallions. 
Seventeen mares were bred for a total of 
44 cycles for a pregnancy rate per cycle 
of 38.6% and an overall pregnancy rate of 
82% (14/17). Although the pregnancy rate 
per cycle was quite low it did demonstrate 
that semen from some stallions, in some 
circumstances, may be frozen without 
centrifugation.

Some data from Select Breeders in the USA 
has demonstrated a per cycle pregnancy 
rate of 59% and seasonal pregnancy rates 
of 75% (Loomis, 2001). ‘Recent acceptance 
of frozen semen as a method to produce 
registered foals by two of the worlds 
largest breed associations, the American 
Quarter Horse and American Paint Horse, 
has stimulated new interest in frozen 
semen technology. This review will: (a) 
attempt to identify the major impediments 
to the development of the frozen semen 
industry, (b) suggest alternative methods 

for marketing and application of frozen 
semen, and (c) present the results of a 
recent study in our laboratory. The objective 
of which was to compare pregnancy rates of 
insemination with cooled and frozen semen. 
Major impediments to the development of 
the frozen semen industry include 1. Lower 
fertility with frozen semen as compared to 
cooled semen for many stallions. 2. Increased 
costs associated with management of mares 
for AI with frozen semen using current 
insemination protocols. 3. Unfavorable 
marketing practices for frozen semen. 

Reports of fertility with cooled transported 
semen in commercial breeding programs 
indicate seasonal pregnancy rates ranging 
from 60 to 90%. We compiled data from 
three commercial transported cooled 
semen programs in which semen from 16 
stallions was used for insemination of 850 
mares throughout North America by local 
veterinarians. During the 1999 and 2000 
breeding seasons, first cycle and seasonal 
pregnancy rates of 59.4 and 74.7% were 
obtained. During that same period, first 
cycle and seasonal pregnancy rates of 
51.3 and 75.6% were obtained following 
insemination of 876 mares with frozen 
semen from 106 different stallions processed 
by our laboratory and distributed through 
our commercial distribution program. 

First cycle and seasonal pregnancy rates 
were higher for mares bred outside of North 
America than for mares bred within North 
America (53.5 and 81.9 versus 49.4 and 
65.6%, respectively). Seasonal pregnancy 
rates were higher presumably because of 
the better mare management employed for 
mares bred with exported semen and the 
fact that some of the domestic mares were 
switched to cooled semen insemination 
after a failed first cycle attempt with frozen 
semen. These data support the position that 
comparable seasonal pregnancy rates may 
be obtained using frozen and liquid cooled 
semen in a commercial setting’ (Loomis, 
2001).

Similar results were published from other 
studies within the same group (Barbacini et 
al., 1999;Barbacini et al., 2000;Barbacini et 
al., 2005;Loomis and Squires, 2005).

From the above it should be obvious that 
frozen semen can routinely achieve around 
45-50% pregnancy rate per cycle and in 
some stallions it will much better. Occasional 
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stallions will not have their semen remain 
fertile after the process, no matter what the 
selection criteria are and what techniques 
are used. Percent progressive motility post 
thaw is not an accurate estimator of fertility 
and the only acceptable criteria is the 
pregnancy rate per cycle. Probably at least 
50 cycles should be evaluated before trying 
to compare treatments or stallions.

A recent report on management of semen 
from subfertile stallions by centrifugation 
through a silica density gradient (Varner 
et al., 2008) has promised much to purify 
the population of semen from subfertile 
stallions and may be applicable to some 
frozen semen. Briefly, semen is centrifuged 
through a high speed technique onto a 
cushinoid fluid (see procedures above) and 
then the semen pellet is resuspended and 
centrifuged at 200 g for 30 mins through an 
EquiePureTM gradient (Nidacon, Sweden). 
This separates semen based on buoyancy. 
The best semen is centrifuged to the bottom 
of the tube and spermatozoa with defects 
that affect buoyancy are left in the gradient 
media. We have shown an increase in 
PMS from 8% to 53% by this separation 
technique. A word of caution however, it 
has not been demonstrated that increasing 
the percentage of morphologically normal 
semen in these samples is associated with 
an increase in fertility.

Experiences with frozen 
semen

Semen has been frozen from many stallions 
now at the GVEH. In all cases tested, 
pregnancies have been achieved. The results 
have varied from good (6/9 per cycle) to poor 
(2/11 per cycle), depending on the stallion. 
There has been steadily increasing demand 
for freezing and breeding with Australian 
stallions (locally or internationally). The 
GVEH is currently an approved centre for 
freezing semen for international export. 
Each year we successfully preserve for 
export (based on test breeding with our 
research mares) semen from stallions of 
export to New Zealand or the US.
The costs associated with the procedure 
and the careful counselling of clients about 
expected success rates has kept many 
people away. Particularly those that just 
want to store some semen before they 
castrate their stallion or those who worry 
about their stallion dying.

There is an apparent increase in the number 
people wishing to freeze epididymal sperm 
from stallions either about to be destroyed 
or about to be castrated. Frequently this 
forces use to too try to freeze stored semen, 
which can impact on results.

Experiences with semen imported into 
Australia have also been variable. Fertility 
from frozen semen will vary with freezing 
technique, mare fertility, inherent stallion 
fertility and management conditions. For 
example at the GVEH way back 16 years 
ago in 1993 semen was imported from 
a variety of countries. Results below are 
reported exactly as they occurred (Table 
11). They were selected from a number of 
breeding stallions that we were involved 
with (frozen semen only) to demonstrate 
the point of variable stallion fertility. 

Clearly people who bred to the Paint or 
Pony stallions were very happy, whilst the 
Percheron breeder was not. The Percheron 
semen was frozen by an unidentified 
technician in plastic sachets and the other 
semen was frozen by experienced personnel. 
The excellent fertility of the Paint stallion 
most likely reflects his inherent fertility. All 
mares were treated identically at the GVEH 
in relation to ovulation induction and post 
insemination treatments etc and all the 
mares were of a similar fertility cross-section. 
So, the results most likely reflect differences 
in fertility of the samples of spermatozoa 
rather than mare or management related 
differences. Those differences may be 
freezing technique or stallion related.

Table 11. An example of variable 
pregnancy rates from frozen semen of 
three stallions bred during the same 
season at our facility.

As we start to record an obtain information 
from others on frozen semen fertility of 
stallions we will improve pregnancy rate per 
cycle as we select for sires or sire-sons that 
have good frozen semen fertility.
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Equine Gastric ulcer syndrome (EGUS) is 
highly prevalent and results in loss of revenue 
and decreased performance.  The cause of 
EGUS is most likely due to the chronic 
exposure of the non-glandular squamous 
mucosa to acids produced in the stomach 
and its lack of protective mechanisms.  A diet 
high in concentrates has been implicated in 
increasing serum gastrin concentration and 
thought to increase stomach hydrochloric 
acid secretion in horses. This theory seems 
to hold credence since performance horses, 
which are fed high concentrate diets, have 
a high prevalence of EGUS.

Recently, in pigs fed a high concentrate 
diet, volatile fatty acids (VFA), bacterial 
byproducts of carbohydrate fermentation, 
and hydrochloric acid have been shown to 
cause cellular injury to the gastroesophageal 
(non-glandular) mucosa of the stomach.  
High concentrate diets are commonly fed 
to performance horses and contain high 
concentrations of carbohydrates, which 
when fermented by resident stomach 
bacteria, can lead to measurable VFA 
concentrations.  At a low stomach pH, 
VFA are highly lipid soluble and penetrate 
into the non-glandular mucosa causing cell 
acidification and damage sodium transport, 
which results in acid induced cell swelling, 
inflammation, and ulceration.The horse’s 
non-glandular stomach mucosa may be 
predisposed to VFA injury due to the lack 
of mucosal protective factors similar to the 
gastroesophageal mucosa of pigs.

The purpose of this study was to compare 
pH and VFA concentrations in stomach 
contents, and endoscopic gastric lesion 
number and severity scores of horses fed a 
bromegrass hay diet (low fermentable Equine 
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decreased performance.  The cause of EGUS 
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of the non-glandular squamous mucosa 
to acids produced in the stomach and its 
lack of protective mechanisms.  A diet high 
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thought to increase stomach hydrochloric 
acid secretion in horses.  This theory seems 
to hold credence since performance horses, 
which are fed high concentrate diets, have 
a high prevalence of EGUS.

Recently, in pigs fed a high concentrate 
diet, volatile fatty acids (VFA), bacterial 
byproducts of carbohydrate fermentation, 
and hydrochloric acid have been shown to 
cause cellular injury to the gastroesophageal 
(non-glandular) mucosa of the stomach.
High concentrate diets are commonly fed 
to performance horses and contain high 
concentrations of carbohydrates, which when 
fermented by resident stomach bacteria, can 
lead to measurable VFA concentrations.At a 
low stomach pH, VFA are highly lipid soluble 
and penetrate into the non-glandular mucosa 
causing cell acidification and damage sodium 
transport, which results in acid induced cell 
swelling, inflammation, and ulceration.The 
horse’s non-glandular stomach mucosa may 
be predisposed to VFA injury due to the lack 
of mucosal protective factors similar to the 
gastroesophageal mucosa of pigs.

The purpose of this study was to compare 
pH and VFA concentrations in stomach 
contents, and endoscopic gastric lesion 
number and severity scores of horses fed 
a bromegrass hay diet (low fermentable 
carbohydrates) and horses fed an alfalfa hay-
grain diet (high fermentable carbohydrates).  
It is hoped that results from this study 
will guide clinicians in appropriate dietary 
management, which may help reduce the 
prevalence of EGUS in horses.

Six 7-year-old mixed-breed female horses 
were fed a diet of alfalfa hay-grain or 
bromegrass hay for two weeks in a 2-period 
crossover designed study. Horses were 
acclimated to each diet for 1 week prior 
to starting the diet period.  The alfalfa 
hay-grain diet was chosen because it 
contains high concentrations of fermentable 
carbohydrates and is commonly fed to 
Standardbred racehorses in training, where 
as, and the bromegrass hay diet was 
chosen because it has low concentrations of 

Evaluation of diet as a cause 
of gastric ulcers in horses

Frank M. Andrews
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fermentable carbohydrates and is commonly 
fed to horses not in training.

Diets were analyzed for nutrient content 
(Table 1), and horses were fed a ration at 
1.9% of body weight, determined by use of 
a ration evaluation program.a  Horses were 
fed twice daily at approximately at 7:30 am 
and 3 pm, during the study period.

 Prior to feeding each diet and again 
after being on the diet for 2 weeks, the 
stomach of each horse was endoscopedb 
under mild sedation, after a 24 hour fast.  
The number and severity of gastric lesions 
were scored using an equine gastric lesion 
scoring system5 by the author (FMA) who 
was blinded to the diet being fed.

 On day 14 of each diet, horses were 
fed at 7:00 am and any uneaten feed was 
removed at 8:00 am.  Gastric contents were 
collected from the cannula at 0, 1-8, 10, 
12, and 24 hours after feeding.  The pH of 
the gastric contents was measured using 
a glass electrode.c  Gastric contents were 
analyzed for VFA concentrations (acetic, 
butyric, propionic, valeric, isovaleric, and 
isobutyric acids) by gas chromatography 
using a method described by Playne6 and 
modified by Mathew et al.

Mean ± SEM was determined, using a 
statistical program.d  A repeated-measures 
ANOVA was used to compare differences 
on the basis of diet, time, and diet X time.  
Change in score for number and severity of 
gastric ulcers was calculated to ensure that 
results were not the result of ulcers in the 
stomach prior to the study.  Significance 
was defined as P <0.05.

Mean gastric juice pH was significantly 
(P<0.01) higher during the first 5 hours after 
feeding in the horses fed the alfalfa hay-grain 
diet when compared to the bromegrass hay 
diet.  Also, pH was significantly (P = 0.01) 
lower in gastric juice samples obtained at 
12 hours in horses fed the alfalfa hay-grain 
diet, when compared with those in horses 
fed bromegrass hay.
Acetic, propionic, and isovaleric acid 
concentrations were significantly higher 
during the 6 hours after feeding in the 
horses fed the alfalfa hay-grain diet when 
compared to the bromegrass hay diet and 
decreased significantly over time in both 
groups.  Butyric acid concentration was 
significantly higher in the gastric contents 

of horses fed the bromegrass hay diet 
when compared with horses fed the alfalfa 
hay-grain diet.  Isobutyric and valeric acid 
concentrations were low in gastric contents 
throughout the experimental period and 
decreased significantly during the first 4 
hours after feeding in the horses, but were 
not affected by diet.

Gastric lesions, as seen through the 
endoscope, were primarily located in the 
non-glandular squamous mucosa along 
the Margo plicatus.  Three of 6 horses 
had gastric lesions in the non-glandular 
squamous mucosa on the alfalfa hay-grain 
diet, whereas 5 of 6 horses had gastric 
lesions in the non-glandular mucosa on the 
bromegrass hay diet.  The non-glandular 
squamous mucosa lesion number and severity 
scores significantly decreased (P<0.05) in 
the horses fed the alfalfa hay-grain diet, 
compared to horses fed the bromegrass hay 
diet.  There was no significant change in 
glandular lesion number or severity for the 
study period.

Gastric juice pH was variable during the 
collection period and was consistent with 
previous studies in these horses and 
others. The alfalfa hay-grain diet resulted 
in a significantly higher pH of the gastric 
contents than the bromegrass hay diet.  
This may have been due to the high calcium 
and protein concentrations in the alfalfa 
hay-grain diet.  In a previous study, gastric 
acid secretion was inhibited in rats when 
fed a high calcium diet. In that study it was 
postulated that an increase in absorbed 
calcium may lead to a higher concentration 
of extracellular calcium, which could then 
lead to a greater influx of calcium into the 
parietal cell, thus reducing intracellular 
cAMP concentrations and gastric acid 
secretion.  Increased parietal cell cAMP 
concentrations are needed to stimulate 
gastric acid secretion.

The high protein concentration in the alfalfa 
hay-grain diet may have buffered gastric 
contents.  In cattle, a diet high in crude 
protein (14 to 17%) increased rumen-
buffering capacity. Also, high protein foods 
can act as a buffering agent against acidity 
and the buffering capacity of food plays 
a major role in the prevention of ulcer 
formation and mucosal resistance.

Seven to 10 hours after feeding, pH of gastric 
juice was less, but not significantly different, 
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in gastric contents of horses being fed the 
alfalfa hay-grain diet, when compared to 
horses being fed the bromegrass hay diet.  
However, 12 hours after feeding the pH in 
the gastric contents of the horses being fed 
the alfalfa hay-grain diet was significantly 
decreased, when compared to the horses 
fed the bromegrass hay diet.  Diets high in 
calcium cause inhibition of gastric secretion 
shortly after feeding but later may cause 
rebound hypersecretion of gastric acid.  This 
rebound hypersecretion has been reported 
in other species after consumption of 
calcium-containing diets and supplements 
and may be evident in horses.  Since feed 
was withheld from the horses in our study, 
continuous feeding or feeding alfalfa hay 
at 5 or 6 hour intervals may help increase 
the pH of stomach contents, which may be 
beneficial in the prevention of acid injury 
and ulceration.  Long periods of fasting may 
lead to decreased stomach pH.

In the study reported here, VFA concentrations 
were highest 2 to 6 hours after feeding 
and generally less than 20 mmol/L in 
gastric contents.  This is similar to VFA 
concentrations reported in pigs. The alfalfa 
hay-grain diet resulted in higher acetic, 
propionic, and isovaleric acid concentrations 
when compared to the bromegrass hay diet.  
On the other hand, the bromegrass hay diet 
resulted in higher butyric acid concentration 
in gastric contents.  

The increased VFA concentrations in 
stomach contents of these horses were 
presumably produced by microbial digestion 
of carbohydrates in the stomach, since VFA 
concentrations in feed are negligible.  The 
high butyric acid concentration in the horses 
fed the bromegrass hay diet contradicts 
previous results in which horses consuming 
grass hay did not produce butyric acid.  
High VFA concentrations in the stomach of 
horses with a low pH may lead to acid injury 
of the nonglandular squamous mucosa as 
seen in pigs.

Non-glandular squamous mucosal lesion 
number and severity were significantly (P 
= 0.01) lower in horses fed the alfalfa 
hay-grain diet, compared with horses fed 
the bromegrass hay diet. The alfalfa hay-
grain diet may have resulted in fewer 
and less severe non-glandular squamous 
lesions due to the higher pH of stomach 
contents compared to the bromegrass hay 
diet, in spite of higher VFA concentrations 

in the gastric contents.  Since, high VFA 
concentrations, combined with a low stomach 
pH, have been implicated in causing acid 
injury and gastric ulcers in pigs.  Volatile 
fatty acids are monomers in the luminal 
aqueous phase and can easily be absorbed 
by the mucosa of any segment of digestive 
tract of mammals so that there is complete 
uptake of VFA.  

The author of that study states that because 
several species such as pigs, horses, 
rabbits, and laboratory rodents have the 
orad portion of the stomach lined with non-
glandular stratified squamous epithelium, 
such as the forestomach of ruminants, it 
can be expected that VFA are absorbed in 
the stomach.  Also, the antacid potential 
of the high-protein, high-calcium alfalfa 
hay-grain diet might have protected the 
nonglandular squamous mucosa, despite 
high VFA concentrations.  VFA do not 
become dissociated at high stomach pH 
and are not able to penetrate squamous 
mucosal cells and cause cellular injury.

The results in this study showed that 
high concentrate diets (alfalfa hay-grain) 
produced increased VFA concentrations in 
gastric contents of horses.  However, alfalfa 
hay due to it high calcium and protein 
concentrations, may act as a dietary antacid 
due to the acid inhibitory effect of calcium 
and/or the buffering capacity of protein.  
The antacid effect of alfalfa hay appears to 
results in less severe gastric ulceration even 
in the face of high VFA concentrations.  Thus, 
alfalfa hay may have a protective effect on 
the non-glandular mucosa in horses up to 
6 hours after feeding.  Alfalfa hay must be 
fed either continuously or every 6 hours 
to maintain its buffering effect on stomach 
contents.
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Hormonal Control of 
Equine Reproduction

Angus O. McKinnon

species. Some features of the mare’s 
reproductive cycle that may contribute 
to this low reproductive efficiency are; 
a seasonal pattern of ovulation; erratic 
cycles during the transition period between 
anoestrus and normal cyclicity and the long 
follicular phase required for development of 
an ovulatory follicle. We also believe that 
criteria for breeding have little to do with 
intended performance of the animal. As our 
goal is to produce (and reproduce from) the 
fastest or best performed horses, there is 
little or any selection for fertility. Despite this 
on well managed breeding farms we expect 
70-75% of mares to become pregnant each 
cycle and to have 95% of mares pregnant at 
the end of the breeding season. In our view 
management is the key to success or failure 
on many farms, and that this management 
extends to the veterinarians involved.

The reproductive cycle of the mare can 
be divided into four periods: anoestrus, 
transition into the breeding season, 
physiological breeding season and transition 
out of the breeding season. The anoestrous 
period is characterised by small inactive 
ovaries and failure of the majority of the 
mares to ovulate. However, it is not unusual 
during the anoestrous period to have 
mares exhibit erratic periods of oestrous 
behaviour. Quite often these may be feed 
related. The anoestrous period generally 
encompasses the months of May, June, July 
and August in the southern hemisphere. 
Studies at Colorado State University (CSU) 
demonstrated that a hormone in the 
hypothalamus - Gonadotrophin Releasing 
Hormone (GnRH) and Luteinizing Hormone 
(LH) in the pituitary gland are low during 
the anoestrous period.As the mare 
progresses through the transition period, 
GnRH concentrations are restored in the 
hypothalamus. 

However, restoration of LH in the pituitary 
gland lags behind the replenishment of 
GnRH in the hypothalamus.Increasing day 
length is associated with restoring the 
hormonal balance needed for initiation of 

cyclicity.The pineal gland is recognised as 
a part of the mechanism for monitoring 
photo-periodic events.The mechanism 
by which the pineal cues the photo-
periodic information apparently involves 
the secretion of melatonin. Both superior 
cervical ganglectomy and pinealectomy 
alter the mare’s ability to respond to a 
stimulatory photo-period. Numerous studies 
have demonstrated that an increased photo-
period will hasten ovulation in seasonally 
anoestrous mares.The mechanism would 
appear to involve suppression of melatonin 
in the pineal gland and thus, elimination 
of an inhibitory effect of melatonin on the 
hypothalamus.

Anoestrus Mares

Since GnRH has shown to be deficient in 
anoestrous mares and early transitional 
mare, it would seem reasonable that 
injection of this hormone into anoestrous 
mares would result in the hastening of 
ovulation and development of follicular 
activity. Three to five intramuscular 
injections of GnRH in anoestrous mares 
every 12 hr at 10-day intervals caused an 
elevation in FSH and LH and all mares were 
in oestrus by day 21.Each mare ovulated 
a single large follicle between day 24 and 
27 of treatment. A normal corpus luteum 
was established in three of the mares after 
the GnRH treatment. The other two mares 
failed to establish a normal corpus luteum 
apparently due to inadequate release of 
LH.Although these authors concluded that 
GnRH in combination with progesterone 
treatment would induce normal ovarian 
activity culminating in ovulation, they 
also stated that the follicular development 
leading to ovulation may not have been 
induced solely by exogenous GnRH since 
the experiment was done towards the later 
part of the transition period. In their next 
study the authors reported on “deeply 
acyclic (seasonally anovulatory) mares 
treated with GnRH or a GnRH analogue to 
induce follicular development and ovulation. 
Courses of GnRH (3--4) were administered 
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at approximately 10-day intervals to 
reproduce the gonadotrophin surges which 
precede ovulation in the normal cycle. 
Exogenous progesterone was administered 
in an attempt to reproduce the luteal phase 
pattern. Induced serum FSH concentrations 
were comparable to those causing follicular 
development in the normal cycle, but induced 
LH levels were lower and of shorter duration 
than those of the periovulatory surge. Three 
of 4 mares treated with GnRH appeared to 
ovulate, but did not establish CL. 

Nine of 10 mares given GnRH analogue 
also developed follicles during the final 
treatment course, as did mares treated 
with progesterone only, while only 1 of 
5 untreated control mares showed any 
ovarian development. Failure to induce final 
follicular maturation and CL development 
by this treatment regimen may be due 
to an inadequate LH surge at the time 
of the expected ovulation associated with 
the low preovulatory oestradiol-17 beta 
surge, possibly caused by the preceding 
FSH stimulation being inadequate or 
inappropriate. Progesterone treatment 
increased baseline FSH concentrations in 
GnRH-treated mares, and also stimulated 
follicular development in mares not treated 
with GnRH, indicating a possible role 
for progesterone in folliculogenesis and, 
indirectly, ovulation”.14 In a subsequent 
study in Canada,15 five seasonally 
anoestrous mares were treated with GnRH 
in an attempt to hasten the onset of the 
breeding season. Three courses of GnRH 
were given at 10-day intervals similar to the 
New Zealand study. 

The mares were given intramuscular 
injections of 1 mg of GnRH at 08:00 h and 
20:00 h on days 1, 2, 11 and 12; and 21, 22 
and 23. Treatment induced follicular activity 
and oestrus in all mares and two of the five 
mares ovulated but none conceived. More 
recently, a GnRH analogue was given to a 
group of seasonally anoestrous mares daily 
for 28 d. This treatment appeared to be 
effective in hastening the breeding season, 
although there were no untreated controls. 
It is most likely that GnRH treatment 
regimens will be devised in the future that 
consistently induce ovulation in anoestrous 
mares, however further studies are needed 
to define more clearly the secretion pattern 
of GnRH during the transition from anoestrus 
to normal cyclicity. At present there is no 
practical treatment regime for the use 

of GnRH in anoestrous mares. In a more 
recently published controlled study, little 
usefulness could be found with induction 
of ovulation in seasonally anoestrus mares. 
“The potential of a gonadotropin-releasing 
hormone (GnRH) agonist (goserelin 
acetate), delivered constantly for 28 
days via a subcutaneous depot, to induce 
ovulation in seasonally anestrous mares, 
was investigated. Two experiments were 
conducted, in which a range of doses (30 to 
240 mug/mare/d) was examined. 

Mares were selected on the basis of lack of 
substantial follicular development (follicle 
diameter < 20 mm determined ultrasonically) 
and low serum concentrations of luteinizing 
hormone (LH) and progesterone. Constant 
administration of the GnRH agonist-
induced ovulation in anestrous mares, but 
a dose-response relation was not observed. 
Furthermore, with identical doses tested in 
consecutive or alternate years, considerable 
variation was observed in the ovulatory 
response. In general, ovulation in all treated 
mares was accompanied by increased 
circulating concentrations of LH and a 
decrease in follicle-stimulating hormone 
values. 

Ovulation was preceded by an increase in 
estradiol and LH concentrations. in mares in 
which ovulation did not occur, concentration 
of LH increased during agonist treatment, 
whereas that of follicle- stimulating hormone 
either increased or did not change. It was 
concluded that constant administration of 
GnRH agonists may induce ovulation in 
mares during seasonal anestrus; however, 
percentage of mares ovulating and the 
lack of reproducibility of effect indicate that 
this approach is inappropriate for use as 
a reliable method to manipulate breeding 
activity in commercial broodmares”.

Finally a study by Bergfelt and Ginther 
demonstrated that although ovulation and 
Cl development were both able to proceed 
and even resulted in early pregnancies, 
that maintenance of the CL did not occur 
as well as expected and resulted in a very 
large rate of early embryonic death.6 “Two 
experiments were conducted using a 21-day 
GnRH analogue treatment regimen to induce 
ovulation in seasonally anovulatory mares. 
In Experiment 1, nontreated (n=20) and 
treated (n=83) mares were defined as 
having inactive ovaries (largest follicle < 15 
mm) at the start of treatment (February). 
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In Experiment 2, nontreated (n=7) and 
treated (n=10) mares were defined as 
having active ovaries (largest follicle 21 to 
29 mm) at the start of treatment (April). 
Fewer mares ovulated that had inactive 
ovaries of the start of treatment compared to 
mares that had active ovaries (26% versus 
70%). In mares that had inactive ovaries 
at the start of treatment, the pregnancy 
rate on Day 11 (ovulation=Day 0) was not 
different between treated (14/22; 64%) 
and nontreated (14/20; 70%) mares. 

However, the embryo-loss rate between 
Days 11 and 40 was significantly higher 
in treated (9/14; 64%) than in nontreated 
(1/14; 7%) mares. Losses tended to occur 
more frequently between Days 15 and 
25. Averaged over Days 3 to 18, there 
was a significant main effect of group for 
the diameter of the largest follicle and for 
circulating concentrations of FSH, LH and 
progesterone in mares that had inactive 
ovaries at the start of treatment. The group 
effect was attributable to decreased mean 
values for each end point in treated mares, 
especially in treated that had embryo loss. 
A significant decrease in progesterone on 
Day 15 in treated mares with embryo loss 
corresponded to the first day that embryo 
loss was detected. In mares that had active 
ovaries at the start of treatment, pregnancy 
rate, embryo-loss rate, and ovarian and 
hormonal end points were not significantly 
different between the treated and nontreated 
mares. The results indicated that hormonal 
capacity was reduced and embryo-loss rate 
was high following GnRH-induced ovulation 
in mares that had inactive ovaries at the 
start of treatment 6”.

Clearly, treatments which hasten ovulation in 
early transitional or anoestrous mares should 
be avoided. A much more physiological 
approach is needed to consistently produce 
ovulation and maintenance of the CL and 
thus a continuing pregnancy.

Equine pituitary extract (EPE) has also 
been used to induce ovulation in seasonally 
anoestrous mares. In one study the extract 
was given twice daily for 14 d with the 
amount of extract doubled daily until day 
8.18 Thirteen of 14 treated mares ovulated 
versus 0 of 15 untreated control mares. 
In a subsequent experiment in the same 
laboratory,19 hCG was given on day 13 of 
the pituitary-extract treatment regime and 
mares were bred on day 13 and 15. Mares 

were necropsied on day 17 to evaluate 
fertilisation rate. A total of 6 fertilised and 2 
recent non-fertilised eggs were recovered. 
Later,20 the pituitary extract induced 
ovulation in 95% of the mares having a > 
25 mm follicle at the onset of treatment and 
64% of the ovulation’s were multiple. The 
extract was less effective when the largest 
initial follicle was < 25 mm. Of the treated 
mares that ovulated and did not become 
pregnant, approximately 50% entered a 
prolonged dioestrus before returning to 
anovulatory condition. The efficacy of the 
extract for induction of ovulation increased 
progressively as the initial diameter of 
the largest follicle increased. In a second 
experiment,21 seasonally anovulatory 
mares, in which the largest follicle was 
25 mm, were given a daily dose of 750 or 
1125 units of pituitary extract for 14 d or 
until ovulation occurred. Overall, 38 of 40 
mares given equine pituitary extract had at 
least one ovulation. The mean number of 
ovulations was 2.3. 

The extract was more effective in terms 
of number days to ovulation, number of 
mares ovulating and number of mares 
with multiple ovulations when a large 
follicle (> 25 mm) was present at the 
onset of treatment. There are four major 
problems with using equine pituitary extract 
for hastening the onset of the breeding 
season: 1) An approved pituitary extract 
is not commercially available. 2) Multiple 
ovulations resulting from pituitary extract 
may result in twin pregnancies. 3). If the 
mare does not become pregnant (on an 
induced cycle), a high percentage of the 
mares will enter into a prolonged dioestrous 
state or into an anovulatory condition. 
4) Prion disease causing Transmissible 
Spongiform encphalopathies (TSE’s e.g. 
Bovine Spongiform Encephalopathies, BSE; 
Scrapie and Kuru22-24) are associated with 
self to self administration of neural proteins. 
Another TSE is Creutzfeldt-Jakob Disease 
(CJD) that has already been transmitted 
to human children from pituitary extracts 
used to treat growth disorders and prepared 
from human pituitaries. New variant 
Creutzfeldt-Jakob Disease (vCJD) has been 
associated with contaminated meat from 
BSE cattle and occurs in Europe, especially 
the United Kingdom. There is much we do 
no understand about prion transmission. 
These treatments need to be avoided. Kuru 
is a particularly interesting and devastating 
disease which was recognised in the 1950’s 
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in a small tribe of about 8000 natives in 
relative isolation in New Guinea. The South 
Fore named the disease Kuru which meant 
shaking. Women and children were affected 
at a much higher rate and this thought 
to be associated with both cannibalism 
(endocannabalism-eating members of one’s 
own tribe, culture or social group) practises 
wherein the women prepared the bodies 
and ate most of the tissues, especially the 
brains. Children helped. “Kuru is a subacute 
neurodegenerative disease presenting with 
limb ataxia, dysarthria, and a shivering 
tremor. 

The disease progress to complete motor 
and mental incapacity and death within 6 
to 24 months. Neuropathologically, a typical 
pattern of neuronal loss, astrocytic and 
microglial proliferation, characteristic “kuru-
type” amyloid plaques, and PrP deposits 
in the cerebral cortex and cerebellum 
are observed. Kuru is the prototype of a 
group of human transmissible spongiform 
encephalopathies (TSEs), or “prion” 
diseases, that include hereditary, sporadic 
and infectious forms. The latest member 
of this group, the variant Creutzfeldt-Jakob 
disease (vCJD), linked to transmission of 
bovine spongiform encephalopathy (BSE) to 
humans, shows features similar to kuru. 

Kuru has emerged at the beginning of the 
1900s in a small indigenous population of 
New-Guinean Eastern Highlands, reached 
epidemic proportions in the mid-1950s and 
disappeared progressively in the latter half of 
the century to complete absence at the end 
of the 1990s. Early studies made infection, 
the first etiologic assumption, seem unlikely 
and led to a hypothesis that kuru might 
be a genetically determined or genetically 
mediated illness. After transmissibility of 
kuru had been discovered and all major 
epidemiologic phenomena adequately 
explained by the spread of an infectious 
agent with long incubation period through 
the practice of cannibalism, the pattern of 
occurrence still continued to suggest a role 
for genetic predisposition. Recent studies 
indicate that individuals homozygous for 
Methionine at a polymorphic position 129 of 
the prion protein were preferentially affected 
during the kuru epidemic. The carriers of 
the alternative 129Met/Val and 129Val/Val 
genotypes had a longer incubation period 
and thus developed disease at a later 
age and at a later stage of the epidemic. 
Observations made during the kuru epidemic 

are helpful in the understanding of the 
current vCJD outbreak, and vice versa 
clinical and experimental data accumulated 
in studies of other TSE disorders contribute 
to better understanding of the documented 
kuru phenomena”.

Thus, at present there appears to be 
no consistent “hormonal” treatment for 
induction of follicular activity and ovulation 
in winter anoestrous mare.

Photoperiod

One of the most consistent treatments 
for hastening the onset of the breeding 
season is an increased artificial photo-
period. Numerous investigators have shown 
that adding additional light in the evening 
to provide a total of 16h of light will 
hasten the onset of the breeding season.
Although conventional 16h of light, 8h of 
dark has been used to hasten the onset of 
the breeding season, recent studies have 
demonstrated that an interrupted photo-
period of 10h of light, 8h of dark, 2h of 
light and 4h of dark when initiated early in 
December (is July equivalent for August 1 
birth date in the southern hemisphere) can 
advance the time of follicular development 
and ovulation in anoestrous mares.These 
data suggest that the photo inducible phase 
in the mare appears to be fixed to the time 
of dusk and occurs 8 to 10h after the onset 
of darkness. Therefore, the addition of 1 to 
2 hr of artificial light approximately 10 hr 
after dark may be an economic means of 
inducing cyclicity in the mare.

Transitional Mares

GnRH (Gonadotropin releasing 
hormone)

Studies in the 1980’s have increased our 
knowledge as to the follicular and hormonal 
changes during the transition from seasonal 
anoestrus to normal cyclicity. Sixty days 
prior to the first ovulation of the breeding 
season, the mare’s ovaries contain only 
small follicles 10-25 mm in size. Mean 
diameter for all follicles 60 days prior to 
the first ovulation is < 15 mm. As the 
onset of the breeding season approaches, 
the diameter of the largest follicle and 
the number of follicles 15 to 25 mm 
gradually increases. Approximately 10 days 
to 2 weeks prior to the first ovulation, the 
number of follicles 15 to 25 mm decreases 
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and the largest follicle continues to increase. 
During the time period of 30 to 45 days 
prior to the first ovulation, the mare’s ovary 
contains multiple follicles 10 to 35 mm in 
size. At this time no one single follicle has 
been selected as the preovulatory follicle. 
Long, erratic, oestrous periods are typical 
of mares during this transition period. It 
is not until LH increases dramatically and 
FSH decreases that the first ovulation of the 
year occurs. The multiple-follicle-syndrome, 
characteristic of transitional mares, would 
appear to be due to a hormonal imbalance, 
i.e., elevated FSH and depressed LH levels. 

The presence of multiple follicles for a 
prolonged period of time is typical of the 
late-transitional mare. More than likely, 
this pool of follicles is not static and 
individual follicles grow or regress during 
this time. The number of large follicles 
remains high until one is selected to be the 
preovulatory follicle. Studies at CSU,27,28 
have shown that the hypothalamus is 
depleted of GnRH in the winter, but is 
quickly restored after the mare is exposed 
to an increased photo-period. “Seasonal 
changes in the hypothalamic-hypophyseal 
axis were investigated using tissue from 
49 light-horse mares, of mixed breeding. 
Hypothalamic and pituitary tissues were 
collected at 5 intervals throughout the years 
1981 and 1982, representing mid breeding 
season (July, n = 10), transition out of the 
breeding season (October, n = 11), mid 
anestrus (December, n = 8), transition into 
the breeding season (March, n = 10), and 
again in the following mid breeding season 
(July, n = 10). The hypothalamic region 
was dissected into preoptic area, body and 
median eminence. 

Gonadotropin-releasing hormone (GnRH) 
was extracted from hypothalamic samples 
with methanol-formic acid and quantified 
by radioimmunoassay. The anterior pituitary 
was homogenized and receptors for GnRH 
were quantified in a crude membrane 
fraction. Content of GnRH in each of the 3 
hypothalamic areas varied with season (P < 
0.01) and was lowest during mid anestrus 
(P < 0.05)” .In another experiment “four 
groups of mares, representing anestrus 
(AN; n = 8), early transition (ET; n = 7), 
late transition (LT; n = 8) and estrus (EST; n 
= 12) were used to examine changes in the 
hypothalamus and anterior pituitary during 
the period of transition from winter anestrus 
into the breeding season. Mares were of 

mixed breeding, between the ages of 3 and 
20 years, and had shown normal patterns 
of estrous behavior and ovulation during the 
breeding season previous to this experiment. 
Hypothalamic content of gonadotropin- 
releasing hormone (GnRH) and anterior 
pituitary content of luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) 
were determined by radioimmunoassay. The 
number of receptors for GnRH in anterior 
pituitary tissue was also determined. 

There was no effect of stage of transition 
into the breeding season on receptors 
for GnRH or content of FSH (p greater 
than 0.05). Likewise, content of GnRH in 
the hypothalamus did not differ between 
the four groups (p greater than 0.05). 
However, pituitary content of LH increased 
progressively from anestrus to the breeding 
season (p less than 0.05). Means for the 
AN, ET, LT and EST groups were 1.1 +/- 0.2, 
2.2 +/-0.3, 6.3 +/- 1.4 and 15.2 +/- 1.8 
micrograms LH/mg pituitary, respectively. 
In addition, serum concentrations of LH 
associated with the first ovulation of 
the year for 5 of the EST mares were 
significantly lower (p less than 0.01) than 
those associated with the second ovulation 
of the year”. Unfortunately, a prolonged 
period is required for concentrations of 
LH to be replenished in the pituitary of 
the transitional mare. It is also likely 
that nutrition plays an important part in 
recrudescence to cyclicity.Similarly method 
of treatment of GnRH will affect results as 
continuos infusion was shown to be not 
as effective as multiple, pusitile infusion.
In the future, the practitioner should have 
available GnRH or LH compounds that are 
released slowly over an extended period of 
time which will hasten ovulation in winter 
anoestrous mares. 

Caution is advised in trying to hasten 
ovulation to early from either anoestrous 
or early in the transition mares as data 
exists as to poor maintenance of the CL 
after early ovulation induction 32 and an 
increase in early embryonic death.6 Studies 
performed clinically have demonstrated the 
usefulness of infusing GnRH to transitional 
mares.33-35“60 anoestrous mares were 
treated with infusions of 50, 100 or 200 
ng/kg/h of native GnRH for 14 or 28 days, 
by osmotic minipumps. Ovulation occurred 
in an increasing proportion of mares as 
the dose and duration of GnRH treatment 
increased. Fertility to the induced ovulation 
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was similar to that of controls. The response 
to treatment could not be predicted by pre-
treatment ovarian volume or the diameter 
of the largest follicle on either ovary. The 
mean area under the LH graph increased as 
dose and duration of treatment increased. 
Data for the area under FSH and oestradiol 
graphs exhibited no clear pattern with 
increasing dose of GnRH. 

The areas under the graphs of responders 
were significantly greater than that of non- 
responders for LH (10.8 ng ml.day vs. 1.8 
ng ng/ml.day; P < 0.001) and oestradiol 
(1065.8 ng/ml.day vs. 102.3 ng/ml.day; P< 
0.001) but not for FSH (195.3 ng/ml.day 
vs. 158.5 ng/ml.day; P = 0.1). These 
results suggest that methods for assessing 
pre- treatment content of pituitary LH or 
steroidogenic potential of the ovaries may 
be useful for predicting mares which are 
likely to respond to GnRH treatment during 
seasonal anoestrus”.36 This later study 
has important ramifications as the biggest 
difficulty in most studies was that there was 
no method to detect which mares would 
not respond. Most studies report between 
50 and 75% response in randomly selected 
mares. Mares that fail to respond often have 
follicular suppression (“down regulation of 
GnRH receptors”) and fail to build follicles 
for at least 30 days.

In a study at the GVEH during the 1995 
breeding season experimental mares were 
given multiple treatments of Deslorelin 
(Ovuplant) until ovulation occurred and 
the time to ovulation was compared to 
untreated controls.All mares were assigned 
treatments randomly according to a 
predetermined draw and the operator had 
no idea of the treatments (implant or 
control). Mares were assigned to treatment 
once they had reached a 30-35 mm follicle 
and had endometrial folds graded 3. Eight 
of ten treated mares ovulated in 3 days 
versus none of the controls. The average 
number of days to ovulation for treated 
mares was 3.7 days (range 2-11) which 
was significantly shorter (p < 0.01) than 
control mares of 23 days (range 4-64). 
The average number of implants needed to 
induce ovulation was 2.1. The mean date of 
mare assignment and ovulation was 9/10/95 
and 1/11/95 respectively for control mares 
compared to 13/10/95 and 17/10/95 for 
treated mares. We feel that this study 
has demonstrated a useful and predictable 
response for hastening mares through the 

transition. Further studies will concentrate 
on how to identify those mares that may not 
be far enough along through the transition 
period, to respond as required. A more in 
depth discussion on the use of Desloerlin 
(Ovuplant) is included at the end of this 
paper.

HCG (Human chorionic gonadotropin)

Few reports have examined the effectiveness 
of hCG on time to the first ovulation of the 
season. One study has demonstrated its 
usefulness.However, follicles of at least 35 
mm in diameter are needed before ovulation 
can be assured.38 Data collected at the 
GVEH from many clinical cases suggests 
that hCG is quite useful in preventing 
multiple examinations early in the breeding 
season. Mares are given 2,500 IU of hCG 
when they have a follicle ≥ 35 mm, have 
prominent endometrial folds and are in 
heat. They are re-examined in three days if 
they are still showing oestrus well. However 
the consistency of ovulation was not as 
reliable as administration of Deslorelin.

Progestins

Numerous studies have reported on the use 
of progesterone and/or synthetic progestins 
for regulation of oestrus and ovulation in 
transitional mares.The efficacy of a progestin 
treatment has been shown to be dependent 
upon the stage of the transition period and 
follicular status on the ovary at the onset 
of treatment. “The clinical effectiveness of 
the synthetic progestagen, altrenogest, was 
evaluated in field trials with 449 mares. 
An oral dose of 27 mg altrenogest was 
administered daily for 15 days. In the 
first trial treated mares were compared 
with controls, and in the second trial the 
effectiveness of treatment for prolonged or 
erratic spring oestrus was evaluated. 

Oestrus was suppressed in 94% of the 
treated mares in the first trial. The post-
treatment response was related to the stage 
during the transition from winter anoestrus 
to the spring breeding season and degree of 
ovarian activity when mares were treated. 
In mares treated during the early transition 
period, the mean diameter of the largest 
follicle was about 1.4 cm. There were no 
differences (P > 0.05) in the duration of 
oestrus or interval to conception between 
treated (13.0, 41 days) and control (16.6, 
39 days) mares. In mares treated in the 

SAEVA Proceedings.indd   150 2/11/09   11:45:02 AM



151

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

late transition period, the mean diameter 
of the largest follicle was about 2.1 cm 
and the duration of oestrus and interval to 
conception was less (P < 0.05) in treated 
(7.7, 28 days) than in control (12.1, 40 
days) mares. The duration of oestrus and 
interval to conception was also less (P < 
0.05) for mares treated during the late 
transition period than in those treated 
early. More (P < 0.05) mares treated during 
the late transition period (75%) exhibited 
regular post-treatment oestrous cycles than 
did controls (57%) or mares treated during 
the early transition period (55%). The mean 
interval to oestrus after treatment was 4.4 
days.

There were no differences in pregnancy 
rates among any of the groups. In the 
second trial, 78% of the mares had 
exhibited oestrus for 9-30 days before 
treatment. All mares returned to oestrus 
within 10 days after altrenogest treatment: 
56% conceived within 18 days and 80% 
within 45 days”.46 Early in the anoestrous 
period when ovaries are small and inactive, 
progesterone or a synthetic progestin, 
Altrenogest (Regumate), are ineffective in 
stimulating follicular activity or inducing 
oestrus and ovulation. In contrast, during 
the mid- to late-transition period both 
progesterone and Altrenogest can be used 
to effectively hasten the occurrence of 
normal cyclicity in the mare. Administration 
of Altrenogest daily for 12 to 15 d to winter 
anoestrous mares failed to induce oestrus 
or ovulation.

However, Altrenogest or progesterone are 
effective in hastening the onset of the 
breeding season when administered to late 
transitional mares. Exposure of mares to 
a 16-hour photo-period for approximately 
60 days will increase the effectiveness of 
progesterone treatment. In one study,44 
mares were exposed to a 16-hour photo-
period for 60 days, followed by 12 days 
of Altrenogest (1 ml per hundred pounds 
of body weight orally). Human chorionic 
gonadotropin was given on day 2 of 
oestrus to assist in inducing ovulation. 
The combination of artificial photo-period, 
progesterone and hCG appeared to be an 
effective treatment regime for induction 
of oestrus and ovulation in mares early 
in the year. Response of the transitional 
mare to progesterone treatment depends 
upon stage of the transition period and the 
degree of follicular activity on the mare’s 

ovary at the onset of treatment. In general, 
the larger the follicle prior to treatment, 
the shorter the post-treatment oestrus. In 
our practice we routinely ultrasound each 
mares ovaries prior to initiating progestin 
treatment. Client enthusiasm has improved 
as a result of careful selection of which 
mares to treat. Those mares with small, 
inactive ovaries should not be selected 
for treatment. Mares with large ovaries 
containing multiple follicles 20 to 30 mm in 
size are candidates for progestin treatment, 
regardless of whether they are displaying 
oestrus. Either Altrenogest (1 ml per 45 kg 
body weight) or progesterone in oil (200 
mg) should be administered daily for 12 
to 15 days. Oestrus is suppressed in these 
mares within 2 to 3 days after the onset of 
treatment. The exact mechanism as to how 
progestins assist the transitional mare in 
cycling is not known. 

Altrenogest or progesterone suppresses the 
multiple follicles present on a mare’s ovary 
and following treatment gonadotropins are 
released in a manner which favours the 
development of one large preovulatory 
follicle. Workers in Kentucky have combined 
progesterone and oestradiol together as a 
treatment for the transitional mare. They 
have reported that 150 mg of progesterone 
plus 10 mg of oestradiol provides a uniform 
inhibition of follicular activity at the end 
of a 12 to 15 day treatment. Following 
treatment, the majority of mares return to 
oestrus and ovulate. 

In one study,40 “two trials were conducted 
to (1) determine the degree of control of 
ovulation achieved by treating mares in late 
winter with progesterone and oestradiol-
17 beta combined after prior exposure to 
an artificially increased photoperiod, and 
(2) to examine the effectiveness of such a 
procedure incorporated into equine breeding 
farm management systems. Following a 
15-day treatment of 150 mg progesterone 
and 10 mg oestradiol-17beta daily with 10 
mg PGF-2 alpha on the last day of steroid 
treatment, 27 of 31 mares ovulated on 
Days 8-14 after the last injection in one 
trial. Conception rate for mares mated 
during that period was 77%, compared 
with 50% in untreated mares mated at 
first oestrus following the treatment period. 
In a second, larger field trial involving the 
same treatment for a 10-day period, 103 
of 128 mares ovulated on Days 9-16 after 
the last injection and 62% of the mares 
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mated on those days conceived. These 
results indicated that the combined steroid 
treatment provided reasonably precise 
and practical control of ovulation time in 
mares adequately stimulated by increased 
photoperiod without detrimental effect 
on fertility. However, the distribution of 
ovulations was wider after treatment than 
that found for mares treated during the 
summer. In summary, both progesterone or 
Altrenogest

can be used as a management tool to 
hasten the onset of the breeding season and 
to regulate oestrus in transitional mares. 
Caution is advised with long term progestin 
administration in mares susceptible to 
endometritis as poor uterine clearance and 
increased susceptibility to endometritis has 
been described for mares with progesterone 
dominated reproductive tracts.

Cycling Mares

Prostaglandins

Generally, once mares have experienced the 
initial ovulation of the breeding season, and 
have returned to oestrus, they are normally 
cycling mares. Controlling oestrus and 
ovulation in a normal cycling mare usually 
results in a more predictable response. 
The primary two hormones that control 
the reproductive cycle of the mare are-
-prostaglandin and progesterone. Since 
the initial demonstration, in 1969, that 
exogenous prostaglandin F2α was luteolytic 
in pseudo-pregnant rats, nearly a thousand 
publications have appeared demonstrating 
the potent luteolytic properties of this 
compound. Prostaglandin is secreted from 
the uterus during days 10 to 14 post-
oestrus. 

Numerous prostaglandin F2α products or 
prostaglandin analogues are available to the 
breeder and practitioner. The natural form 
of prostaglandin F2α was the first form of 
prostaglandin available for use in the mare. 
This natural product has some side effects 
that are sometimes objectionable to the 
client. However some clients feel that the 
mare has to sweat in order to show that 
the PGF2 is working. Our view is that it 
is most humane for the mare to administer 
an analogue free from side effects such as 
sweating and cramping. Several analogues 
have been introduced which are essentially 
free of side effects. Originally the most 

common use of prostaglandins is to induce 
oestrus in a mare having a maintained 
corpus luteum. 

These mares are characterised by: 1) failing 
to return to oestrus; 2) round, tubular, firm 
uterus and cervix; 3) elevated progesterone 
levels; and 4) a functional corpus luteum 
visualised by ultrasound. Other terms 
used for these types of mares include 
pseudo-pregnancy or clinically anoestrus. 
The reasons for mares entering a pseudo-
pregnant state are not truly known. Even 
in non-bred mares, approximately 5% of 
the cycles result in a maintained corpus 
luteum. Either prostaglandin is not released 
from the uterus or the corpus luteum did 
not regress in response to prostaglandin. 
The incidence of pseudo-pregnancy appears 
to be higher after early embryonic death. In 
fact, if a mare loses her pregnancy after the 
time of maternal recognition of pregnancy 
(14 to 16 days post-ovulation), then a high 
percentage of these mares enter into a 
pseudo-pregnant state.There are several 
diagnostic tools that can be used to identify 
pseudo-pregnant mares: 1) visualisation 
of the corpus luteum by ultrasound, 2) 
determination of progesterone in blood 
samples either by enzyme assays or 
radioimmunoassay.

Pseudo-pregnant mares should return to 
oestrus within 3 to 5 days after prostaglandin 
injection. Spontaneous development of a 
maintained corpus luteum has been reported 
to be higher in Thoroughbred mares and 
may represent 5 to 10% of the cycles 51. 
Prostaglandins should not be given to any 
mare until she is definitely confirmed not 
pregnant. This is 18 days for most people 
experienced with ultrasonography (= the 
longest expected time sperm would live-6 
days + the embryo age most people would 
expect to find 12 days ie 6+12 = 18 days). 
Another use of prostaglandins is to short-
cycle the mare. In our practice stage of 
cycle examination has become very popular. 
Many of these mares have a CL present at 
this examination. Administration of PGF2 
is essential to give the managers of these 
mares an accurate indication of when to 
expect the mare to return to heat. The 
follicular status at the time of prostaglandin 
treatment has been shown to have an effect 
on the interval to ovulation.The presence 
of a follicle 40 mm in diameter or larger 
at the time of treatment is associated with 
the greatest variance in the interval from 
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treatment to ovulation. We strongly feel that 
ultrasonography of the mare’s ovary prior to 
prostaglandin treatment is necessary if an 
accurate prediction of time to ovulation is 
desired. If a follicle greater than 35 mm in 
diameter is present, prostaglandin treatment 
may induce ovulation within 2 to 4 days or 
the opposite may incur, in that the large 
follicles present at the time of prostaglandin 
treatment may regress and there may be 
a delay for approximately a week before 
development of another preovulatory follicle 
occurs. The least amount of variability after 
prostaglandin treatment has been noted 
on day 6 post-ovulation.In a study at CSU 
(McKinnon & Squires. 

Unpublished Observations reported by 53) 
the interval from PGF2 treatment to onset 
of oestrus, duration of oestrus and time to 
ovulation were all significantly shorter for 
mares that had large follicles (≥ 35 mm) 
present at the time compared to medium 
(≥15 - <35 mm) and small (< 15 mm). 
Time to ovulation and ranges were 5.8 
(2-12), 9.0 (4-20) and 9.4 (4-15) days, 
respectively. Other reasons to use PGF2 
to short cycle mares not mated i.e., if one 
is breeding a stallion naturally and has an 
excess number of mares in oestrus at a 
given time, then those mares not mated 
during that oestrus can be administered 
prostaglandins 5 days post-ovulation and 
bred during the induced oestrus. 

Secondly, we may want to treat the mare’s 
uterus during one oestrous period and 
short-cycle the mare with prostaglandins 
such that the mare can be bred during the 
next induced oestrous period. For those 
breeders using artificial insemination, 
synchronisation of oestrus and ovulation 
is a means of maximising the use of the 
stallion. Prostaglandin and/or progesterone 
in combination have been used for 
synchronisation of oestrus.Prostaglandin 
has generally been administered twice at 
a two-week intervals. An ovulating agent 
such as hCG is commonly given after the 
first or second injection of prostaglandin. 
The first course of prostaglandins causes 
luteolysis and induces ovulation of any 
follicles that have developed, whereas the 
second course is to synchronise luteolysis in 
all mares on day 14 and, thus subsequently, 
to synchronise ovulation around day 20. 
Theoretically, all mares should be at the 
right stage of the cycle to respond to the 
second course of prostaglandin treatment 

or be returning to oestrus spontaneously. 
Although the majority of mares experience 
oestrus 2 to 5 days after prostaglandin 
injection, if administered during the correct 
stage of dioestrus, there is still considerable 
variability in the percent response and 
the interval to oestrus and ovulation. In 
general, the onset of oestrus is much more 
synchronised than the day of ovulation. 
There are several responses that can be 
obtained after injection of prostaglandin or 
prostaglandin analogues into mares during 
mid-dioestrus: 1) complete luteolysis, 
2) incomplete luteolysis, 3) incomplete 
luteolysis with subsequent recovery, and 4) 
no luteolysis. Mares that were injected with 
a prostaglandin analogue 6 to 8 days after 
ovulation experienced complete luteolysis 
within 5 days post-treatment in 64.6% of 
the cycles. 

Incomplete luteolysis, characterised by 
maintenance of progesterone above one 
ng per ml occurred in 26.2% of the cycles, 
incomplete luteolysis with subsequent CL 
recovery occurred in 6.2% of the cycles and 
no luteolysis was detected in 3.1% of the 
cycles. The use of rapid enzyme assays for 
progesterone determinations may be useful 
to determine which of these four responses 
have occurred, particularly if the mare has 
not returned to oestrus within five days 
post-treatment.

PGF2 was reported to be capable of 
inducing ovulation. “Fenprostalene (250 
micrograms) or saline was given at 60 
h after the onset of oestrus in alternate 
oestrous periods to 8 mares for 4 cycles. 
Onset of oestrus and stage of cycle were 
determined by daily teasing, palpation and 
ultrasonography until time of treatment 
when follicular development was monitored 
at 12-h intervals to confirm ovulation. The 
interval from treatment to ovulation was 
significantly decreased (41.25 vs 73.50 h; 
P < 0.001) as was the duration of oestrus 
(5.63 vs 6.88 days; P < 0.005). 

Clinically, 81% of treated mares had ovulated 
by 48 h after treatment compared to 31% of 
the control mares (P < 0.025)”. Despite these 
encouraging results further work has failed 
to find any other form of PGF2 that could 
perform similarly.60 It is possible that the 
long action of the particular form of PGF2 
used (Fenprostalene) was responsible for 
the result, as PGF2 (Luprostiol) has 
subsequently been shown to induce an LH 
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release from the pituitary.

Several studies have reported the 
effectiveness of prostaglandinF2α or 
analogues of prostaglandinF2α for induction 
of abortion.Prior to day 35, a single injection 
of prostaglandin will result in abortion 
approximately 3 to 4 days after injection. 
After day 35 (the time of endometrial cup 
formation), daily injection of prostaglandins 
are needed for 3 to 4 days in order for 
abortion to occur. An average of 3.7 daily 
injections were given to mares beginning 
at 70 days of gestation. Injections of 250 
ug of a prostaglandin analogue (Equimate) 
resulted in 100% of the mares aborting in 
this study.

The interval from the first injection to 
abortion was 3.8 days. Thus, it would appear 
that, prior to the formation of endometrial 
cups and secondary corpora lutea (less than 
day 35), a single injection of prostaglandin 
F2α or analogue will induce abortion and 
cause a mare to return to oestrus. However, 
after these events have occurred, multiple 
injections of prostaglandin (3 to 5) are 
required for induction of abortion. Since 
prostaglandin F2α has no effect on PMSG 
secretion, oestrus and ovulation may be 
delayed after abortion until the endometrial 
cups are immunologically rejected. Thus, 
rebreeding of mares during the same 
breeding season in which they aborted 
may be difficult. Induction of parturition 
has been performed with PGF2α with good 
results.It has no effect on transfer of 
passive immunity.PGF2α has also been used 
to promote uterine involution.A more recent 
usage of prostaglandin is as an ecbolic 
agent.

Uterine Clearance

Two experiments were performed to 
investigate relationships between oxytocin, 
prostaglandin release, uterine emptying 
and fluid accumulation in the uterus. 
In Experiment 1, the effect of oxytocin 
on the pattern of prostaglandin release 
during uterine clearance of radiocolloid was 
measured in 5 normal mares and 5 mares 
with delayed uterine clearance. Uterine 
clearance was measured during estrus by 
scintigraphy at 0, 60 and 120 min after 
colloid infusion. After the 120-min reading, 
20 IU, iv, oxytocin were given, and the 
amount of colloid cleared was measured at 
135, 150 and 180 min. Plasma was obtained 

prior to and during scintigraphy at 5- and 
15-min intervals to measure concentrations 
of 15-keto-13,14-dihydro-PGF(2 alpha) 
metabolite (PGFM) by RIA. In Experiment 
2, plasma PGFM levels were compared 
after administration of oxytocin in 8 normal 
mares and 6 mares with delayed uterine 
clearance to determine if intrauterine fluid 
stimulated prostaglandin release. 

Mares received 2 treatments in a cross-over 
design. Treatment 1 consisted of 20 IU, iv, 
oxytocin during estrus. Treatment 2 consisted 
of an infusion of 10 mt, iu, saline 15 min 
prior to oxytocin administration. Treatments 
were performed 4 to 6 h apart. Blood was 
collected and PGFM was measured as in 
experiment 1. Data were analyzed by least 
squares analysis of variance. In Experiment 
1, regression analysis of scintigraphy and 
PGFM profiles indicated that time response 
curves differed between groups (P<0.01). 
At 120 min, normal mares retained 40.4 +/- 
4.9% (mean +/- SEM) of the radiocolloid 
while mares with delayed clearance retained 
88 +/- 5%. 

Fifteen minutes after oxytocin administration 
(135 min), all normal mares and 4 of 5 mares 
with delayed clearance retained only <6% of 
the colloid. During the first 120 min, plasma 
PGFM concentrations did not differ between 
the 2 groups. After oxytocin was given, 
plasma PGFM concentrations increased in 4 
of 5 mares with delayed uterine clearance 
(80 to 3,096 pg/mL) but not in normal 
mares (13 to 46 pg/mL). In Experiment 2, 
plasma PGFM concentrations did not rise 
in normal mares but rose in 3 of 6 mares 
with delayed clearance (135 to 483 pg/mL) 
independent of treatment or period. The 
results suggest that intrauterine clearance 
of radiocolloid after oxytocin administration 
appears to be independent of PGF(2 alpha) 
release in normal mares during estrus. The 
difference in prostaglandin release response 
after oxytocin administration between the 
2 groups was unrelated to the presence of 
intrauterine fluid.69

Uterine clearance of radiocolloid was 
measured by scintigraphy in 5 reproductively 
normal mares and in 4 mares exhibiting a 
delay in uterine clearance (DUG) after 
administration of PGF(2 alpha), cloprostenol 
or fenprostalene. Scintigraphy studies were 
performed on the second or third day of 
estrus during 3 consecutive estrous cycles. 
Drugs, PGF(2 alpha) (5 mg IM), cloprostenol 
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(CLO; 2mg IM) or fenprostalene (FEN; 250 
mu g subcutaneously) were given in random 
order, with only 1 drug given each estrus. 

Treatment response curves were generated, 
and the effect of each drug on uterine 
clearance of radiocolloid was compared 
to the clearance of radiocolloid when no 
drug was given and between treatments. 
In reproductively normal mares, CLO and 
PGF caused a rapid clearance of radiocolloid 
within 60 min (P < 0.01), with < 25% of 
the initial dose of radiocolloid (% IDR) 
remaining by 120 min. Mean percentage 
of IDR at 120 min when no drug was given 
was 39%+/-4. Response of reproductively 
normal mares to FEN varied, with 3 mares 
clearing >85% and 2 mares clearing <35%. 
In mares exhibiting DUG, all 3 drugs (CLO, 
PGF and FEN) caused rapid clearance of 
radiocolloid from the uterus by 60 min (P < 
0.0001). Mares cleared significantly more 
colloid after treatment with CLO at 60 and 
120 min than after PGF (P < 0.001). In 
conclusion, CLO appears to be the best drug 
of the 3 tested for stimulating clearance of 
intrauterine fluid since variation in response 
was observed following treatment with PGF 
and FEN.

Also time of administration would appear 
important for maintenance of the corpus 
luteum. Persistent mating induced 
endometritis and delayed uterine clearance 
have been shown to be significant causes 
of reproductive failure in mores. Various 
treatments have been suggested to remedy 
these problems, including pharmacological 
treatment with oxytocin and prostaglandin 
analogues. When choosing a particular drug 
to enhance uterine clearance, factors that 
may influence the success of treatment, 
as well as the likelihood of establishing 
pregnancy, should be considered. 

The time of treatment in relation to ovulation 
is one such factor. Oxytocin has a greater 
effect on uterine clearance before ovulation 
than afterwards. If oxytocin treatment is 
used after ovulation, the dose should be 
increased to achieve an effect. Although 
oxytocin has been shown to be very 
effective in enhancing uterine clearance, 
prostaglandin analogues have a longer 
duration of action and are preferred by 
some for that reason. Recent studies have 
shown that administration of prostaglandin 
or its analogues given shortly after ovulation 
can affect progesterone concentrations 

during early diestrus, potentially affecting 
the establishment of pregnancy. If sedation 
is used, drug choice can affect myometrial 
contractility. Xylazine increases uterine 
motility while acepromazine decreases 
it. Nonsteroidal anti-inflammatory drugs, 
such as phenylbutazone, decrease uterine 
clearance by interfering with endogenous 
prostaglandin. However, this effect can be 
overridden with exogenous oxytocin.

A summary of drugs used to clear intrauterine 
fluid would be: Oxytocin acts for a shorter 
time period and is most effective. Then, 
prostaglandin (particularly cloprostenol) 
is effective but slower and acts longer 
than oxytocin. Finally, care in time of 
administration is required as luteolysis can 
occur if more than three days has elapsed 
since ovulation.

Progestins

There are several indications for the use of 
progestins in normal, cycling mares. The 
response to progestin is less variable in 
normal, cycling mares than in transitional 
mares. Progesterone or the Altrenogest 
(Regumate) can be used to synchronise 
oestrus. This may be of interest to the 
breeder who is using artificial insemination 
and would like to maximise the use of 
the stallion or the breeder who desires to 
shorten the breeding season so that the 
stallion can be used for alternative purposes 
such as performance. 

Progesterone has the advantage over 
prostaglandins in that treatment can be 
initiated at any stage of the cycle and is 
not dependent upon a functional corpus 
luteum being present on a mare’s ovary. If 
progestin is used by itself, then treatment 
should be administered daily for 14 to 15 
days. One can use either Altrenogest (1 ml 
per 45 kg of body weight) or progesterone in 
oil (200 mg intramuscularly). Studies from 
Kentucky have advocated the combination 
of oestrogen and progesterone for oestrus 
control in cycling mares.41 According to 
their regime, mares should be administered 
150 mg progesterone in oil plus 10 mg 
of estradiol-17 daily. After the last day of 
treatment, mares generally return to oestrus 
in 3 to 6 days. As with most synchronisation 
regimes, the interval to oestrus is more 
consistent than the interval to ovulation. 
Mares that have been in oestrus > 3 days 
prior to the initiation of treatment may 
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cease to exhibit oestrus, but will still ovulate 
during treatment. Therefore, the 14 to 
15 day regime is adequate time for the 
corpus luteum to regress and, thus, the 
only progesterone that is preventing the 
mare from exhibiting oestrus is exogenous 
progesterone. Studies have been conducted 
in Kentucky in which post-partum mares 
have been treated with a combination of 
progesterone and estradiol shortly after 
foaling. In one study, 41 mares were given 
200 mg of progesterone and 10 mg of 
estradiol-17 daily for six days. Treatment 
was initiated within 12 hours of foaling. 

Conception rates at the delayed first post-
partum oestrus were higher than in mares 
mated at the first normal ovulation but not as 
high as that for mares mated at the second 
or later post-partum oestrous period. The 
use of prostaglandins injected on the first 
or last day of steroid treatment allows one 
to shorten the progestin treatment to 7 or 
8 days. Loy et al injected progesterone and 
estradiol in combination with prostaglandins 
into post-partum mares. Ovulation occurred 
in 15 of 16 mares, 9 to 13 days after the last 
steroid injection. These authors concluded 
that the combined steroid and prostaglandin 
treatment can be used to synchronise 
oestrus and ovulation. We compared a 
15-day Altrenogest treatment to a 7-day 
Altrenogest treatment plus prostaglandins 
on day 7.The treatments were initiated on 
day 1 post-foaling. 

Both treatments effectively suppressed foal 
heat and resulted in oestrus 3 to 6 days 
after the last treatment. Neither treatment 
had an adverse effect on fertility. Therefore, 
either injectable progesterone or Altrenogest 
(with or without prostaglandins) can be 
used to effectively regulate oestrus, in both 
non-lactating and lactating mares.

Induction of Ovulation

Induction of ovulation at a precise time may 
be an advantage to the equine practitioner 
for the following reasons: a) to ensure 
ovulation occurs within 36-48 hours of 
breeding to stallions with normal fertility and 
thus prevent rebreeding, b) appointment 
breeding for mares transported to stallions, 
c) to ensure a single breeding for a problem 
broodmare, d) to ensure ovulation close to 
the time of insemination of either cooled 
transported or frozen semen or for mares 
bred to stallions with low fertility associated 

with poor spermatozoal longevity, and e) to 
separate breedings when many mares are 
presented in oestrus at the same time. 

It is much more difficult to control ovulation 
than regulate oestrus. Historically the 
hormone commonly used for hastening 
ovulation and shortening oestrus has been 
human chorionic gonadotropin (hCG).
The use of hCG is valuable in allowing 
one to more accurately predict the time 
of ovulation. Administration of hCG on 
day 2 of oestrus shortened the length of 
oestrus approximately 1 to 3 days in various 
studies.

In one study, 88.9% of 34 mares ovulated 
within 48 hours of treatment. We should 
be aware that repetitive use of hCG has 
been shown to result in the development of 
antibodies against this hormone.Therefore, 
we do not recommend use of hCG with 
successive oestrous cycles. Although no 
controlled studies have been conducted to 
evaluate the efficacy of various doses, the 
dose level used by most equine practitioners 
has ranged from 2,000 to 10,000 IU. 

However, there are clinical reports that 
high doses of hCG (4500 to 6000 IU) 
can reduce conception rates.74 The route 
of administration of hCG has not been 
adequately studied.Most of the studies 
reported in the literature are based on 
intramuscular injections whereas it is 
most common for equine veterinarians to 
administer hCG intravenously. The use of 
hCG in the transition has recently been 
shown to be effective38 and in our experience 
clinically the agent works well providing 
a dominant follicle and folds are present. 
Since hCG has shown to be antigenic, 
Gonadotropin releasing hormone or GnRH 
analogues have been used as alternatives 
for induction of ovulation in mares. 

An alternative agent to hCG for the induction 
of ovulation may be beneficial for the 
following reasons: a) its smaller molecular 
weight make it less antigenic thus allowing 
multiple administration within the same 
breeding season while still reliably inducing 
ovulation, b) it may be used in alternate 
cycles with hCG, c) because it is a pure 
synthetic product there is no probability of 
viral contamination, and d) supply would not 
be related to availability of pregnant women. 
Investigators have clearly shown that GnRH 
will result in both LH and FSH release 13. 
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However, the ovulatory response to GnRH 
injections has been quite variable. A single 
injection of 0.4 mg of GnRH to pony mares 
or 1 to 2 mg to horse mares was insufficient 
to hasten ovulation. 

In another study, daily administration of 2 mg, 
beginning on day 2 of oestrus, significantly 
shortened the duration of oestrus and 
time to ovulation.Initial studies with GnRH 
were quite disappointing and it was not 
until the more potent analogues became 
available that we saw an improvement in 
their ability to accurately hasten ovulation.
These authors found that the analogue 
“Burserelin” was consistently able to hasten 
ovulation compared to controls. 

Peptide Technology (Dee Why, NSW) 
subsequently developed another analogue 
(Deslorelin) and studies at the GVEH were 
able to pinpoint the correct dose to hasten 
ovulation.The experimental animals were 
part of a herd of 95 mares in good body 
condition, kept on pasture and supplemented 
as necessary with lucerne hay and grain. 
They were studied between October 1990 
and March 1991 at the Goulburn Valley 
Equine Hospital. 

Mares were teased daily and ultrasonography 
was used to monitor follicular size and 
to determine ovulation and number of 
ovulations per cycle. Mares were examined 
every three days during dioestrous, daily 
during early oestrous and twice daily (6.30 
am and 6.30 pm) when a follicle > 30 mm 
was detected. Ovulation was diagnosed 
by absence of a previously identified pre-
ovulatory follicle (>30 mm) and visualisation 
of the characteristic echogenic structure 
formed by the collapse of the follicular 
walls. 

All cycles were induced by luteolysis effected 
by administration of PGF2 on days 7-10 
after ovulation from mares that had follicles 
< 20 mm in diameter. Seventy seven 
mares with follicles > 30 mm and showing 
characteristic signs of behavioural or 
physiological (endometrial folds, softening 
cervix) oestrus were randomised according 
to predetermined draw into 5 approximately 
equal treatment groups between November 
1 and January 15, 1990.

Group A: implanted subcutaneously with  
 1.3 mg deslorelin (25 cycles)

Group B: implanted subcutaneously with  

 1.6 mg deslorelin (25 cycles)
Group C: implanted subcutaneously with  

 2.2 mg deslorelin (28 cycles)
Group D: hCG (3000 IU) intravenously  

 (26 cycles)
Group E: implanted subcutaneously with 
  0 mg deslorelin (26 cycles)

Number of mares showing behavioural 
oestrus before assignment (74/119, 
62%) was not different (P<0.05) between 
treatments (14/25, 17/23, 11/23, 17/23, 
14/25) for groups A-E respectively. Follicle 
size at assignment was not different, 
however, follicle size at ovulation was 
significantly larger in control mares (group 
E) compared with mares in groups B, C and 
D (P<0.01) (Table 1). Time to first ovulation 
was shorter (P<0.001) for treated mares 
in groups B, C and D compared to controls 
(group E) (Table 1). 

Number of mares ovulating 2 follicles per 
cycle was not different between groups. 
Number of mares ovulating the first (or 
only) follicle within 48 hours of treatment 
was greater in groups A - D (19/25, 15/25, 
22/23, 23/23 respectively) compared to 
controls (4/25) (P<0.001), and greater in 
groups C and D compared to B (P<0.001) 
and A (P<0.02) (Table 1). Only 63% of 
mares showed heat at some time before 
assignment. 

However 87% of mares showed heat at some 
time before ovulation. This percentage was 
not markedly different from expected and can 
be used to illustrate difficulties involved with 
assigning mares on teasing data only. In the 
absence of behavioural oestrus, assignment 
was accurately performed (response of 
Group D) on follicle size, relaxing cervix and 
presence of endometrial folds. 

Mean time to ovulation of the two higher 
doses of the GnRH analogue (group B and C) 
were not different from hCG (group D) and 
numbers of mares ovulating the first follicle 
in 48 hours were not different between 
the highest dose of the GnRH analogue 
(group C) and hCG (Group D). These results 
suggest that the appropriate dose (2.2 mg) 
and release profile of the GnRH analogue 
(Deslorelin) is equally efficacious in inducing 
ovulation in cyclic mares when compared 
with hCG.
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Table 1. Effect of treatment on mean 
(std. dev.) follicle size, time to ovulation 
and number of mares ovulating in 48 
hours. Group A = 1.3 mg deslorelin, 
Group B = 1.6 mg deslorelin, Group C = 
2.2 mg deslorelin, Group D = 3000 IU 
hCG, Group E = 0 mg deslorelin

Concurrent80 and subsequent studies81-
85 have demonstrated the efficacy of the 
implant (named and released in Australia as 
“Ovuplant”).

“A small, biocompatible and short-term 
implant releasing 1.5 mg or 2.25 mg of the 
GnRH analogue deslorelin was evaluated 
in 140 Hanoverian (warmblooded) mares 
during the 1990 breeding season (Study I). 
Mares in oestru sand with a follicle 40 +/- 2 
mm in diameter were assigned alternately 
to treatment or remained as untreated 
controls. Implants were administered 
subcutaneously, and intervals to ovulation 
determined by rectal examination and 
ultrasound at 12-h intervals. Since results 
with both doses of deslorelin were similar, 
data were pooled. Deslorelin implantation 
resulted in ovulations in 65 of 70 mares 
within 48 h (93%), while only 5 of 70 
control mares ovulated within the same 
time period (7%) (P < 0.01). Most induced 
ovulations (63%) occurred 36-48 h after 
implantation. 

In Study II, 4 groups of 12 Hanoverian mares 
each were treated with 3,000 or 5,000 iu 
hCG, or a 2.25 mg deslorelin implant, or 
received placebo. All treatments resulted in 
100% ovulations within 48 h, versus 25% 
ovulations in controls (P < 0.01), and 63%, 
75% and 86% of these ovulations occurred 
36- 48 h after treatment with 3,000 and 
5,000 iu hCG and deslorelin respectively”.80 
Two studies were conducted to evaluate the 
efficacy of a GnRH analog, deslorelin, for 
hastening ovulation in nonlactating cyclic 
mares. The GnRH implant was 2.3 x 3.7 

mm and released deslorelin for 2 to 3 days. 
In Experiment 1, 60 nonlactating, cycling 
mares were assigned to 1 of 5 doses: 0, 
1.2, 1.7, 2.2 and 2.7 mg per implant. Mares 
were assigned sequentially on the first day 
of estrus (Day 1). Ovaries were exmined per 
rectum and with ultrasonography every 12 
h until ovulation. Once the mares obtained 
a follicle >30 mm, they were injected 
subcutaneously with a GnRH implant. The 
mares were inseminated every other day 
during estrus with semen form 1 of 3 
stallions. Pregnancy was determined   
    with ultrasonography. 

Experiment 2, 40 nonlactating, cyclic mares 
were assigned to 1 of 5 treatments (same 
treatments as in Experiment 1). Data were 
obtained on interval to ovulation, duration 
of estrus and pregnancy rates at 12, 18 and 
35 d after ovulation. Time to ovulation was 
shorter (P<0.05) in GnRH-treated mares 
than in control mares in the Experiment 
1. Mean time to ovulation was 68, 49, 48, 
47, 44 h in Experiment 1, and 91, 66, 58, 
46, 58 h in Experiment 2 for mares given 
0, 1.2, 1.7, 2.2 and 2.7 mg/mare in the 2 
trials. Averaged for both experiments, the 
proportion of mares ovulating within 48 h 
of treatment was 40, 75, 85, 90 and 90% 
for 0, 1.2, 1.7, 2.2 and 2.7 mg/mare. For 
both experiments, there was no effect of 
GnRH on pregnancy rate.84 To determine 
the effect of extremely high doses of the 
implant over consecutive cycles “placebo, 
one, three or five short-term implants each 
containing 2.2 mg of gonadotropin-releasing 
hormone (GnRH) analogue (deslorelin) 
were administered to cycling mares after 
identification of a follicle over 30 mm. Mares 
were treated over three consecutive cycles, 
and artificially inseminated during the third 
cycle only. 

Serum was assayed for concentrations of 
luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and progesterone during 
each cycle. All deslorelin doses decreased 
the interval to ovulation (4.0 days, 2.6 
days, 2.4 days and 2.0 days), increased the 
proportion of mares ovulating within 48 h 
(20.0%, 83.3%, 73.3% and 85.7%), and 
decreased the diameter of the largest follicle 
at ovulation (45.8 mm, 38.0 mm, 41.0 mm 
and 37.2 mm) for the placebo, 2.2 mg, 6.6 
mg and 11.0 mg groups, respectively (P 
< 0.05). The interovulatory interval was 
lengthened in the 11.0 mg group compared 
with all other groups (21.2 days, 21.8 days, 

Group   Follicle Size      Follicle Size mm     Time to 1st        N      No. of mares
      mm at  at ovulation           ovulation             ovulating 1st
      assignment              (days)             follicle in 48
                  hours

A      33.5 (3.2)  41.8 (6.3)bc          2.68 (2.17)ab     25     19/25a

B      34.1 (3.6)  38.3 ( 2.9) ac        2.20 (0.71)a       23    15/25ac

C      33.0 (3.3)  38.5 (2.8)ac          1.98 (0.28)a       23    22/23ad

D      33.8 (3.0)  37.5 (4.7)a           1.88 (0.22)a       23    23/23ad

E      33.0 (3.5)  43.4 (4.9)b           3.52 (1.19)b       25    4/25b

    abc (P<0.01)         ab (P<0.001)             ab (P<0.001)
                  cd (P<0.02)
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26.4 days and 32.7 days for the placebo, 
2.2 mg, 6.6 mg and 11.0 mg groups, 
respectively, P < 0.05). No differences (P > 
0.05) were detected in serum concentrations 
of progesterone or pregnancy rate among 
the groups. Cycle number had no effect (P 
> 0.05) on the reproductive parameters or 
serum concentrations of progesterone. 

Concentrations of LH were higher in Cycle 
3 in the 6.6 mg and 11.0 mg groups, 
and FSH concentrations were decreased in 
Cycles 2 and 3 in treated mares. Deslorelin 
was efficacious for inducing ovulation in 
cycling mares with no diminished activity 
over three consecutive cycles. However, 
ovarian suppression and changes in serum 
concentrations of gonadotropins were noted 
at higher doses.In summary it appears 
that the use of the Ovuplant implant to 
induce ovulation in cycling mares has been 
demonstrated safe and efficacious.

Two recent and interesting studies have 
been reported. Firstly the time of ovulation 
in mare examined hourly was shown to be 
significantly different (P<0.001) between 
hCG (35.9 h ± 3.8 h) compared to Ovuplant 
(40.7 ± 3.2 h).86 This has important 
ramifications on how to administer the drug 
for techniques such as breeding with frozen 
semen. Secondly there have been reports of 
delayed recrudescence to cyclicity in some 
mares administered Ovuplant “In its first 
year of commercial availability in the United 
States, reports from the field indicated 
that Ovuplant(TM) (a deslorelin- containing 
slow-release implant for hastening ovulation 
in mares) was associated with a delayed 
return to estrus in mares not becoming 
pregnant. 

Supposedly this effect was particularly 
prevalent in mares subsequently 
administered PGF(2 alpha) to cause luteal 
regression after embryo collection. The 
present experiment was conducted 1) to 
determine if the field observations were 
repeatable under controlled experimental 
conditions, and 2) to gather endocrine 
data that might yield information on the 
underlying cause(s) of this observation. 
Twenty-five light horse mares were used. 
Ovaries of each mare were examined by 
transrectal ultrasonography daily during 
estrus until ovulation. Once a follicle >30 
mm was detected, the mare received 
either Ovuplant (treated, group; N = 13) 
at the recommended dosage or a sham 

injection (controls; N = 12); treatments 
were administered in a manner to ensure 
that they were unknown to personnel 
involved with data collection. On day 7 after 
ovulation, each mare received a luteolytic 
injection of PGF (2 partial derivative). 

Mares were examined every other day until 
return to estrus or development of a 30 
mm follicle, at which time daily examination 
was performed until ovulation. Jugular 
blood samples were collected daily. Two 
mares receiving Ovuplant did not return to 
estrus within 30 days and their data were 
not included in the statistical analyses; in 
contrast, no control mare exhibited such 
an extended interovulatory interval. For all 
other mares receiving Ovuplant, the interval 
between the first and second ovulations 
was longer (P = .0001) than that of control 
mares by an average of 6.2 days. 

In addition, plasma LH concentrations were 
lower (P < .05) in the treated mares on days 
0 through 4, 9, 11, 18, and 19 after the 
first ovulation. Plasma FSH concentrations 
were also lower (P = .017) in treated mares 
from days 4 to 11 and on days 6 and 5 
prior to the second ovulation (P = .005). 
Differences in progesterone and estradiol 
were observed but were less consistent than 
for LH and FSH. Mares receiving Ovuplant 
had fewer small (P = .026), medium (P = 
.003) and large (P = .045) follicles prior 
to the second ovulation. In conclusion, 
Ovuplant treatment at the recommended 
dosage decreased follicular activity after 
ovulation and increased the interovulatory 
interval in mares short-cycled with PGF(2 
partial derivative). These effects appear 
to be mediated by a hyposecretion of LH 
and(or) FSH”. 

Equine Follicle Stimulating Hormone 
(eFSH) and Recombinant Equine Follicle 
Stimulating Hormone (reFSH)

Many studies with eFSH have been 
published.

‘The standard treatment for superovulation 
of mares is to administer equine follicle-
stimulating hormone (eFSH) for 4 to 5 days 
to stimulate multiple follicles and human 
chorionic gonadotropin (hCG) to induce 
synchronous ovulations. Objectives of this 
study were: (1) to determine whether a 
short-term (3-day) eFSH treatment protocol 
would result in similar ovulation and embryo 
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recovery rates compared with the standard 
eFSH protocol; (2) to determine the efficacy 
of a decreasing dose of eFSH (step-down 
protocol) on ovulation rate and embryo 
recovery; (3) to compare the efficacy of 
hCG and recombinant equine luteinizing 
hormone (reLH) for inducing ovulation in 
FSH-treated mares; and (4) to compare 
embryo recovery rates and embryo size 
when mares are flushed at 6.5 or 7.0 days 
after ovulation. Forty light-horse mares 
were used in 2005 (experiment 1) and 
20 different mares were used in 2006 
(experiment 2).

In experiment 1, mares were randomly 
assigned to one of three treatment groups: 
(1) untreated controls, (2) standard eFSH 
treatment (12.5 mg intramuscularly twice 
daily), and (3) 3-day eFSH treatment. In 
experiment 2, mares were randomly assigned 
to one of four treatments: (1) untreated 
controls, (2) standard eFSH protocol, (3) 
3-day eFSH treatment, and (4) step-down 
eFSH treatment (12.5 mg twice daily day 
1, 8.0 mg twice daily day 2, 4.0 mg twice 
daily day 3). Within each treatment, mares 
were given either hCG (2,500 IU) or equine 
LH (750 mg, EquiPure LH; reLH) to induce 
synchronized ovulations. Embryo recovery 
was performed either 6.5 or 7.0 days after 
ovulation. In experiment 1, numbers of 
preovulatory follicles and ovulations were 
less for mares in the 3-day treatment group 
than the standard group, but were greater 
than for controls. Embryo recovery per flush 
was higher in the standard group (2.6) than 
the 3-day eFSH treatment (0.8) or control 
groups (0.8). In experiment 2, the number 
of preovulatory follicles and number of 
ovulations were greater in the standard and 
3-day treatment groups than in control and 
step-down groups. 

The percent embryo recovery per ovulation 
and mean embryo grade were similar for all 
groups; however, the embryo recovery per 
flush was higher for mares in the standard 
treatment than controls (1.3 vs 0.6) but 
was similar to the 3-day (1.1) and step-
down (0.8) treatments. Embryo recovery 
was similar for flushes performed on days 
6.5 and 7.0 post-ovulation. The percentage 
of control mares ovulating within 48 hours 
in response to hCG or reLH was similar. 
In contrast, a higher percentage of eFSH-
treated mares ovulated within 48 hours in 
response to reLH than hCG (92% vs 71%). 
In both years, the 3-day eFSH treatment 

protocol resulted in a greater number of 
preovulatory follicles and a greater number 
of ovulations than untreated controls. 
Unfortunately, the increased ovulation rate 
for mares administered eFSH for 3 days did 
not result in a greater number of embryos 
recovered per flush in either year. Use 
of a step-down eFSH treatment protocol 
resulted in fewer preovulatory follicles, 
fewer ovulations, and fewer embryos as 
compared with the standard eFSH treatment. 
In conclusion, the standard eFSH treatment 
resulted in a greater embryo recovery rate 
per cycle than either the 3-day or step-
down treatment protocols. Recombinant 
equine LH was more effective than hCG in 
causing ovulation in eFSH-treated mares.’

It is quite clear that equine FSH can be 
used to successfully superovulate mares 
and improve embryo recovery. The standard 
protocol that is now being recommended is 
to begin examining the mare with ultrasound 
5 to 7 days after ovulation. Once the mare 
obtains multiple follicles that are 20 to 
24 mm in size, then eFSH treatment is 
initiated (12.5 mg twice daily). Prostaglandin 
is administered on the second day of 
eFSH treatment. Equine FSH treatment is 
continued twice daily until the majority of 
developing follicles are 32 to 35 mm in size. 
Equine FSH treatment is then discontinued 
and hCG given 24 to 36 hr later. 

On the average with this treatment 
approximately 3 to 4 ovulations will be 
obtained and 2 to 2.5 embryos per flush 
will be recovered. Based on studies done at 
Colorado State University during the past 
five years with eFSH the quality of embryos 
recovered from superovulated mares is the 
same as those from non-stimulated mares. 
In addition pregnancy rates for embryos 
from superovulated mares appear to be 
identical to those from untreated controls 
(Squires, E.L. personal communication).

The release of a recombinant eFSH (reFSH) 
has just occurred in response to recognition 
that pituitary products are not recommended 
to be injected into the same species.

“Recombinant equine FSH has in vivo 
bioactivity in a follicular suppression model 
and in naturally cycling mares. It may 
be a useful tool to stimulate follicular 
development in the mare.

Novel single-chain recombinant equine 
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gonadotropins have recently been developed 
with in vitro and in vivo bioactivity. Using 
a recombinant equine follicle stimulating 
hormone (reFSH) product to stimulate 
follicular development offers the advantage 
of using a pure FSH product without the 
protein contaminants or luteinizing hormone 
(LH) activity of equine pituitary extract. The 
objectives of the present studies were (1) 
to determine if reFSH has in vivo activity by 
examining follicular development in mares 
using a follicular suppression model and (2) 
to determine an effective dose of reFSH for 
induction of follicular growth in the cycling 
mare. In experiment 1, fifteen cycling 
mares were randomly assigned to one of 
three groups, and follicular development 
post-ovulation was suppressed for 14 days 
by treatment with 150 mg progesterone 
and 10 mg estradiol-17-β in oil (P + E) 
[a]. To induce luteolysis, mares received 5 
mg dinoprost [b] on the sixth day of P + E 
treatment. 

During the last 7 days of P + E treatment, 
the groups were treated with either 850g 
reFSH [c] (q 12 h, IV; n = 5), 500 μg reFSH 
(q 12 h, IV; n = 5), or saline (q 12 h, IV; 
control, n = 5). When a 35-mm follicle 
was present, mares received 750 μg reLH 
[d] IV to induce ovulation. Comparisons 
among treatment groups were analyzed 
using oneway analysis of variance with 
F protected LSD. Treatment with 850 μg 
and 500 μg reFSH q 12 h resulted in 
follicular growth 5.6 and 4.4 days earlier 
than controls (p <0.005), respectively. Day 
of reLH administration was 5.2 and 3.5 
days earlier than controls (p <0.001), 
respectively.

The mean number of follicles 20 - 29 mm 
at the end of P + E treatment was 5.6 
after 850 μg reFSH and 4.8 after 500 μg 
reFSH, which was significantly greater than 
controls (p <0.01). The number of follicles 
≥30 mm in diameter at reLH administration 
was 4.4 and 4.2 for the same groups, which 
was significantly greater than controls (p 
<0.05). The number of ovulations detected 
was 2.8, 3.0, and 2.0, respectively. In 
experiment 2, twenty cycling mares were 
examined by transrectal ultrasonography 
at five days post-ovulation. Mares whose 
largest follicle was ≤25 mm in diameter 
were randomly assigned to one of four 
treatment groups and administered either 
850 μg reFSH (q 12 h, IV; n = 5), 850 μg 
reFSH (q 24 h, IV; n = 5), 500 μg reFSH (q 

12 h, IV; n = 5), or 12.5 mg Bioniche eFSH 
[e] (q 12 h, IM; positive control, n = 5). All 
mares received 10 mg dinoprost [f] IM the 
evening of the second day of treatment to 
induce luteolysis, and treatments continued 
until two or more follicles reached 32 - 35 
mm in diameter. Mares received 1.5 mg 
reLH IV to induce ovulation about 38 h after 
the last FSH treatment. 

Mean days of FSH treatment were 6.0, 8.0, 
7.2, and 6.6 for the 850 μg reFSH (q 12 h), 
850 μg reFSH (q 24 h), 500 μg reFSH (q 
12 h), and 12.5 mg Bioniche eFSH (q 12 h) 
treatment groups, respectively. The number 
of follicles ≥35 mm in diameter at the time 
of reLH administration was 4.2, 3.0, 3.2, 
and 3.2, and the number of ovulations 
detected for the same groups were 3.4, 
5.4, 3.2, and 3.8. The number of follicles 
≥35 mm in diameter remaining at the time 
of ovulation were 2.6, 0.6, 1.6, and 0.8, 
respectively. For all parameters measured, 
values for the reFSH treatment groups were 
statistically similar to the positive control 
group (Bioniche eFSH) and each other (p 
> 0.05).

In conclusion, the early follicular growth 
observed during P + E suppression indicates 
that reFSH has in vivo biological activity in 
the mare. Although there was an increase 
in the number of pre-ovulatory follicles with 
reFSH treatment in the P + E treated mares, 
ovulation rate was unchanged. In cycling 
mares, all treatment groups developed 
multiple pre-ovulatory follicles, and multiple 
ovulations were induced with reLH. The 850 
g reFSH (q 12 h) dose caused continued 
stimulation of follicular development, which 
was not observed to the same extent in 
the other treatment groups. These results 
indicate that reFSH has in vivo bioactivity 
in suppressed and naturally cycling mares, 
and it may be a useful tool to stimulate 
follicular development in the mare’.

Recombinant Equine 
Luteinizing hormone (reLH) 
has recently been released.

Few studies have been published but 
more are expected (see also study 
above of 88).

‘The objectives of this study were to 
determine the efficacy of recombinant equine 
luteinizing hormone (reLH) in shortening 
the time to ovulation in cycling mares and 
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to determine the effects of treatment on 
endogenous hormones and inter-ovulatory 
intervals. In study 1, mares of light horse 
breeds (3–20 years) were treated with 
either a vehicle, various doses of reLH, 
or human chorionic gonadotropin (hCG). 
Cycling mares were examined by palpation 
and ultrasound per rectum daily or every 
12h from the time of treatment to ovulation. 
In studies 2 and 3, jugular blood samples 
were collected daily or every 12h from the 
time of treatment to ovulation for analysis 
of LH, follicle stimulating hormone (FSH), 
estradiol-17β (E2), and progesterone (P4) 
by radioimmunoassays (RIA). Increasing 
doses of reLH (0.3, 0.6, 0.75, and 0.9mg) 
showed increasing effectiveness at 
inducing ovulation within 48h of treatment. 
Treatments with the 0.75 and 0.9mg doses 
of reLH resulted in 90% and 80% ovulation 
rates, which were similar to hCG treatment 
(85.7%). Except for the early rise in LH 
after treatment with 0.5, 0.65, and 1.0mg 
of reLH, hormone profiles appeared to 
be similar between control and treated 
cycles. Inter-ovulatory intervals were similar 
between control and treatment cycles. In 
conclusion, reLH is a reliable and effective 
ovulatory agent that does not significantly 
alter endogenous hormone profiles or affect 
inter-ovulatory intervals.

Other Hormones

Although the hormone oestrogen is certainly 
involved in many reproductive processes in 
the mare, its therapeutic use is quite limited. 
No oestrogenic hormone preparation is 
currently approved for use in the horse. 
There are multiple indications for oestrogen 
treatment, however only some are actually 
documented efficacious. 1) Induction 
of oestrous behaviour during the non-
breeding season or in an ovariectomised 
mare. Injection of 10 mg of estradiol or 
estradiol cypionate into an anoestrous or 
ovariectomised mare will generally result 
in oestrus in 2 to 3 days post-treatment. 
This may be advantageous for preparation 
of a “jump mare” for semen collection. 2) 
Induction of oestrus in mares during the 
breeding season. The occurrence of “silent 
heat” in mares is reasonably common. It is 
essential that mares that are being mated 
naturally exhibit a good standing oestrus. If 
a mare, upon ultrasonographic examination, 
is found to have a large preovulatory-sized 
follicle, but fails to exhibit oestrus, then 
an injection of a low level of estradiol (1 

mg) may induce oestrous behaviour in her 
and allow the stallion to naturally mate 
the mare without jeopardising the safety 
of the handler or stallion. Our experiences 
with this therapy are not very encouraging. 
3) Enhance the mare’s uterine defence 
mechanism. Numerous studies have 
demonstrated that the mare’s ability to fight 
off uterine infection is much better during 
oestrus and dioestrus. We use oestrogen 
therapy in mares during the non breeding 
season. However, caution is prudent as 
some mares will have post therapy follicular 
suppression. 4) Synchronisation of oestrus 
and ovulation in cyclic mares. (See above) 
5) Hasten the through the transition period 
(see above). 6) Delay of the first post 
partum ovulation. 

Improved fertility is generally noted with 
delay of the first post partum ovulation.73,90 
“Treatment of foaling mares with 150 mg 
progesterone and 10 mg oestradiol daily 
beginning within 12 h of parturition resulted 
in a delay of ovulation (15.6 +/- 2.6 days 
compared with 10.3 +/- 2.4 days in untreated 
mares). However, when mares were mated 
after this 5.3- day delay there was no 
advantage in reproductive performance 
over that of mares mated according to a 
conventional management system.”However, 
others have noted improvement in fertility. 
Bell & Bristol (1987), found that treatment 
for 5 days with progesterone (150 mg) 
and oestradiol-17β (10 mg) beginning the 
first day of foaling, delayed the number of 
days to ovulation compared to controls by 
6 days (P < 0.001) and improved fertility 
at that heat (72% compared to 59% for 
controls). However taking into account an 
early embryonic death rate of 26% in foal 
heat breeds versus pregnancy from the 
first cycle after the foaling heat (8%), they 
concluded there may not be a real advantage 
in delaying ovulation and breeding on the 
foal heat.91 Pretreatemnt of mares with 
oestradiol was advocated by Purvis for 5) 
induction of parturition;however, it was later 
recognised as being helpful if the cervix was 
not open ,but not essential.

Oxytocin causes smooth muscle (primarily 
uterine) contraction,95 which has led to it’s 
use in
1) induction of parturition,
2) removal of retained foetal membranes,
3) treatment of uterine infection and 

mares with impaired uterine drainage
4) promote uterine involution and
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5) milk let-down.

Indications for induction of parturition are 
any foetal or maternal health risks, to ensure 
professional help is present and on occasion 
for convenience. Prior to induction as many 
as possible of the following guidelines 
should be fulfilled: 1) gestation of > 330 
days, 2) open cervix, 3) relaxed sacro-
sciatic ligaments and 4) colostrum present 
in an enlarged udder or positive signs 
of foetal maturity by mammary secretion 
cation measurement.The ower the dose 
of oxytocin used the less the strength of 
the uterine contractions. In our experience 
doses as low as 20-30 IU are well tolerated 
by the mare and the foals are commonly 
delivered in 45 minutes. High doses are 
associated with more violent contractions 
and more placental separation.

The administration of oxytocin to mares 
with retained foetal membranes should 
be standard practice after three hours. 
This may be administered as an IV bolus 
of 20-30 IU by farm personnel or the 
veterinarian. In our practice we try to 
remove membranes manually after 8 hours 
providing the mare has already received at 
least two treatments of oxytocin. Oxytocin 
has been advocated for use in aiding uterine 
clearance and is now becoming an important 
drug for treatment of problem mares.

Oxytocin has a half –life of 6-7 minutes 
but results in contractions for as long 
as 40 minutes.‘An inability to clear the 
uterine lumen quickly of the inflammatory 
by-products of breeding is a major cause 
of infertility. Mares with this condition 
may be diagnosed by scintigraphy, as can 
the effects of drugs on uterine clearance. 
Administration of oxytocin or cloprostenol, 
a prostaglandin analog, improves uterine 
clearance, whereas, phenylbutazone, a 
cyclooxygenase inhibitor, delays uterine 
clearance of a radiocolloid.

Inhibition of uterine clearance by 
phenylbutazone can be overridden by 
administration of oxytocin indicating the 
presence of a direct effect oi oxytocin in the 
mare’.

Intrauterine pressure was measured 
in 4 reproductively normal mares and 4 
mares with delay in uterine clearance after 
administration of oxytocin to determine if 
intrauterine pressure varied between dosage 

and group. Changes in intrauterine pressure 
were measured during estrus, when a 
follicle was greater than or equal to 35 mm, 
using a Millar ‘’Mikro-tip’’(R) catheter that 
had 3 discrete pressure sensors/ channels. 
Mares received 4 different treatments of 
10, 5, 2.5 or 0 IU (vehicle) of oxytocin. The 
protocol for each treatment consisted of a 
10-min baseline recording, administration 
of treatment and measurement of changes 
in intrauterine pressure for 65 min. After 
administration of the first two treatments, 
mares were rested for 2 h and the protocol 
repeated for the remaining 2 treatments. 
Changes in intrauterine pressure were 
measured on a physiograph and stored in a 
computer. The results were analyzed by 4x4 
Latin Square Design analysis of variance 
(ANOVA) using the GLM procedure of the 
Statistical Analysis System. 

The ANOVA detected a main effect of 
treatment (P <0.01) and mare (nested within 
group; P <0.01) but no effect of channels, 
group or treatment-by-group interaction. 
There was a dose-dependent increase in 
uterine activity in both normal mares and 
those with delayed uterine clearance. A dose 
of 10 TU of oxytocin induced a larger number 
of uterine contractions (5.67 +/- 0.06) for a 
longer time (24.09 +/- 1.18 min) than the 
5 IU (4.16 +/- 0.06 contractions and 16.31 
+/- 1.18; P <0.01 min) or 2.5 IU dose (4.08 
+/- 0.06 contractions and 17.61 +/- 1.18 
min). The first intrauterine wave occurred 
most often near the tip of the horn in 10 of 
12 recordings in normal mares and in 8 of 
12 recordings in mares with delayed uterine 
clearance. It was then propagated from the 
middle of the horn to the uterine body just 
cranial to the cervix. There was no pattern 
of propagation for subsequent intrauterine 
pressure waves. We conclude that the 
difference in spontaneous clearance of the 
uterus between the 2 groups is not reflected 
in their response to exogenous oxytocin 
as determined by changes in intrauterine 
pressure.106

Oxytocin is also useful in promoting milk let-
down. “The neuroendocrine reflex theory of 
milk ejection was investigated in the horse 
under natural suckling conditions. To this end 
12 lactating mares were provided with acute 
jugular catheters and with intramammary 
pressure (IMP) recording catheters. The foal 
had free access to the contralateral mammary 
complex. Intramammary pressure could 
thus be recorded while blood was drawn 
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simultaneously for oxytocin analysis from 
the undisturbed animal. Suckling periods 
associated with a characteristic increase 
in IMP lasted significantly longer than 
unsuccessful nursing attempts. Elements 
of successful sucklings involved physical 
stimulation of the mammary gland, a quiet 
phase and a sudden increase in IMP. 

Successful suckling took place at about 
20-min intervals with a wide range from 
< 5 min to >t 100 min. Between 5 and 10 
mU oxytocin i.v. were sufficient to evoke 
an increase in IMP identical in shape and 
duration to a naturally induced increase in 
IMP. Mean peak oxytocin levels reached 15.8 
pmol/l plasma, with a maximal release of 39 
pmol/l. In the majority of cases ( > 80%) 
peak oxytocin release did not occur until 
after the increase in IMP; in some cases an 
oxytocin surge was not detectable at all, 
despite a milk ejection-associated increase 
in IMP. In three cases increase in IMP could 
be observed while the foals were away from 
the mother with no signs of any intention 
to suckle. The data indicate that in the 
horse some elements of the neuroendocrine 
reflex, such as tactile stimulation of the teat 
and a surge of oxytocin before an increase 
in IMP, are facultative and not essential for 
normal milk ejection.” 

Inhibin

Inhibin is released from the dominant follicle 
and ‘inhibits’ the development of further 
follicles. Decreasing inhibin is associated 
with growth and ovulation of follicles that 
would have been destined for atresia or 
recruitment at later cycles.

Five mares were immunized with a fusion 
protein of the alpha -subunit of bovine 
inhibin on day 0 and day 35. These mares 
and 21 control mares were monitored daily 
from day 50 until day 65. Inhibin binding 
was demonstrated by all serum samples 
from mares at day 35 and 50 and showed 
that all treated mares had double or triple 
ovulations during cycles after the booster 
injections. Mean ovulation rates after 
boosting were significantly higher (94%) 
than before immunization.

‘Six normally cycling mares were immunized 
5 times at 3-week intervals with a synthetic 
porcine inhibin alpha-subunit fragment 
which had been conjugated to bovine 
serum albumin and emulsified in Freund’s 

incomplete adjuvant. Immunized mares 
ovulated a significantly larger (P < 0.01) 
number of follicles per estrous cycle (2.8 
+/- 1.1; range 1 to 8 ovulations) than 14 
nonimmunized control mares (1.1 +/- 0.1; 
range 1 to 2 ovulations). Day-7 embryo 
recovery rates tended to be higher (P < 0.1) 
in immunized mares (1.6 +/- 0.5 embryos 
per flush) than in control mares (0.7 +/- 
0.2 embryos per flush). No differences in 
interovulatory intervals were found between 
the 2 groups. These results indicate that 
immunization against inhibin may be useful 
in inducing development and ovulation of 
multiple follicles for embryo transfer in the 
mare”.

These two studies published simultaneously 
clearly demonstrated an increase in ovulation 
of mares vaccinated against inhibin.

More work must be undertaken in this area, 
perhaps in conjunction with recombinant 
eFSH.

Use of Progestins for Pregnancy 
Maintenance

By far the most popular treatment to 
aid in pregnancy maintenance is the 
supplementation of progesterone or 
progestins. This occurs despite advice that 
there is no scientific evidence o support the 
use of such compounds.Most studies suggest 
that primary luteal inadequacy is not likely 
a cause of decreased progesterone levels. 
“Plasma progesterone concentrations were 
measured in 179 mares bled on alternate 
days commencing with a positive pregnancy 
diagnosis on Days 17 to 18 after ovulation 
and concluding on Days 42 to 45. During 
this period 17 mares (10 per cent) lost their 
pregnancies, 11 before Day 25.

In 15 mares the timing of the pregnancy 
loss could be determined with adequate 
accuracy; in only one did a decline in 
progesterone precede the loss. Thus 
pregnancy loss between Days 17 and 42 
was rarely caused by a fall in plasma 
progesterone”.The exception is failure of 
mares to maintain either a CL or pregnancy, 
when induced to ovulate from either the 
early transition or anoestrous.6,32 “Two 
experiments were conducted using a 21-day 
GnRH analogue treatment regimen to induce 
ovulation in seasonally anovulatory mares. 
In Experiment 1, non treated (n=20) and 
treated (n=83) mares were defined as 
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having inactive ovaries (largest follicle < 15 
mm) at the start of treatment. In Experiment 
2, non treated (n=7) and treated (n=10) 
mares were defined as having active ovaries 
(largest follicle 21 to 29 mm) at the start 
of treatment. Less mares ovulated that had 
inactive ovaries at the start of treatment 
compared to mares that had active ovaries 
(26% versus 70%). 

In mares that had inactive ovaries at the 
start of treatment, the pregnancy rate on 
Day 11 (ovulation=Day 0) was not different 
between treated (14/22; 64%) and non-
treated (14/20; 70%) mares. However, 
the embryo-loss rate between Days 11 
and 40 was significantly higher in treated 
(9/14; 64%) than in non-treated (1/14; 
7%) mares. Losses tended to occur more 
frequently between Days 15 and 25. A 
significant decrease in progesterone on 
Day 15 in treated mares with embryo 
loss corresponded to the first day that 
embryo loss was detected. In mares 
that had active ovaries at the start of 
treatment, pregnancy rate, embryo-loss 
rate, and ovarian and hormonal end points 
were not significantly different between 
the treated and non-treated mares. The 
results indicated that hormonal capacity 
was reduced and embryo-loss rate was 
high following GnRH-induced ovulation in 
mares that had inactive ovaries at the start 
of treatment” .6 Another report suggests 
that although an apparent low incidence we 
should continue to watch out for mares with 
low progesterone that occurs before obvious 
fetal demise.“Characteristics of spontaneous 
embryonic loss in 21 mares were compared 
with those of 52 contemporary mares that 
maintained pregnancy. 

Embryonic losses were, in retrospect, 
grouped according to day of loss and length 
of the interovulatory interval, respectively, 
as follows: group 1, ≤ day 20 and < 30 
days (n = 10); group 2, ≤ day 20 and > 30 
days (n = 3); and group 3, > day 20 and > 
30 days (n = 8); ovulation was day 0. Mean 
diameter of the embryonic vesicle in group 
1 was smaller (P < 0.05) on days 12-18 
than in the pregnancy- maintained group, 
but among the pregnancy-maintained group 
and the embryonic-loss groups, the mean 
individual growth rates of vesicles was 
similar (no significant difference). A more 
frequent (P < 0.05) location of the vesicles 
in the uterine body on day 13 in group 1 
was due to a greater proportion of small 

vesicles and for day 18 was due to a 
greater incidence of fixation failure. Luteal 
regression occurred at the expected time 
in 77% of the mares with loss sooner than 
day 20. 

Low concentration of progesterone on days 
12, 15 and 18, a detected decrease in 
diameter of the corpus luteum on days 15 
and 18, and an interovulatory interval of ≤ 
30 days indicated that luteolysis was not 
prevented by the embryonic vesicle in group 
1. However, in mares in group 2, the corpus 
luteum was maintained as indicated by luteal 
diameters, progesterone concentrations, 
and prolonged interovulatory intervals. 
Thus, luteal maintenance occurred in 23% 
of mares with embryonic loss at ≤ day 
20. In group 3 (loss > day 20), circulating 
concentrations of progesterone were either 
maintained (four mares) after embryonic 
death (cessation of embryonic heartbeat) 
or appeared to decrease before death (two 
mares) or on the day of death (one mare). 

The decrease in progesterone on the day of 
death seemed to be associated with acute 
endometritis. In another mare, embryonic 
loss was associated with continuing low 
concentrations of progesterone, a flaccid 
uterus, an oversized embryonic vesicle, 
failure of development of an embryo proper 
and collapse of the large vesicle on day 42. 
The apparent drop in progesterone before 
embryonic death in two of eight mares 
with loss after day 20 could have been 
associated with primary luteal insufficiency”.
Thus, although in many cases pregnant 
mares are probably unnecessarily treated 
with progestins, they would appear to do 
no harm. An exception is mares that are 
chronically infected. Administration of either 
Altrenogest or natural progesterone to a 
chronically infected mare will enhance the 
infection process. 

The mare should first be scanned with 
ultrasound, cultured and a uterine biopsy 
obtained in order to confirm that she is 
not harbouring a uterine infection. Another 
exception is the use of compounds that are 
ineffective for the intended purpose, which 
may be an even bigger form of reproductive 
wastage. Studies at the GVEH were able 
to demonstrate that hydroxyprogesterone 
caproate failured to maintain pregnancy in 
ovariectomized mares.Hydroxyprogesterone 
caproate is commonly used in many countries 
and apparently it has not been critically 
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studied. Despite lack of definitive studies on 
frequency of a primary luteal defect on early 
embryonic death or the relative contributions 
of stress, PGF2 release associated with 
uterine inflammation, genetic abnormalities 
or uterine infection, many veterinarians, 
breeding farm managers and mare owners 
are convinced of the beneficial effect of 
supplemental progestagens. 

Perhaps inappropriate administration of 
therapeutic substances that lack scientific 
documentation of efficacy are an even bigger 
form of reproductive wastage due to cost 
and lack of specified effect. “Experimental 
animals were part of a herd of 95 mares 
in good body condition kept on pasture at 
the Goulburn Valley Equine Hospital and 
supplemented as necessary with lucerne 
hay and grain. Ultrasonography was used to 
assess follicular development, ovulation and 
to diagnose early pregnancy. Twenty five 
mares were inseminated with approximately 
500x106 progressively motile spermatozoa 
when they showed oestrus in association 
with a follicle greater than 30 mm in 
diameter. 

Fifteen mares diagnosed pregnant at 
day 14 after ovulation that had ovulated 
only one follicle were divided into three 
groups of five and treated as follows: 
Group A; supplemented with 500mg 
hydroxyprogesterone caproate administered 
IM every 7 days beginning on day 15 of 
pregnancy. Group B; supplemented with 
500mg hydroxyprogesterone caproate IM 
every other day beginning on day 15 of 
pregnancy. Group C; supplemented with 
0.044mg/kg of oral Altrenogest daily from 
15 days of pregnancy. All mares were 
unilaterally ovariectomized by colpotomy 
to remove the primary CL of pregnancy on 
day 17. Serum was harvested from mares 
on days 14, 16, 18, and 20, and analysed 
for progesterone using a commercial 
radio immunoassay. Ultrasonography was 
performed daily to monitor pregnancy after 
ovariectomy, presence of endometrial folds 
(Grade 0-3) and time to the next ovulation 
on the contra lateral ovary. Pregnancy loss 
was diagnosed by absence of a previously 
recorded vesicle.
Results

Plasma progesterone concentrations in all 
mares were less than 1ng/ml the day 
following ovariectomy and were extremely 
low or undetectable in the following days. 

There was no difference in progesterone 
concentrations between any of the groups 
either before or after ovariectomy. All mares 
treated with hydroxyprogesterone caproate 
(groups A and B) lost their pregnancies 
within 5 days of ovariectomy. Characteristics 
of impending loss were observation of 
vesicle mobility (n=6) and the presence of 
endometrial folds (n=10) as the remaining 
ovary developed one or more large follicles. 
Pregnancy loss in mares in groups A and B 
was accompanied by a relaxing cervix. 

There was no difference in time to 
pregnancy loss for mares in group A or B. 
All mares treated with Altrenogest (group 
C) maintained pregnancy until 30 days. At 
that time, the heart beat was not visible in 
1 of the 5 pregnancies and the developing 
foetus and foetal fluids were slowly re 
absorbed. The four remaining mares were 
maintained on Altrenogest until day 100. 
One mare aborted a 10 month old foetus 
and subsequently, 3 mares produced normal 
foals. All mares in groups A and B returned 
to heat and ovulated within 11 days after 
ovariectomy. Secondary CL development 
occurred at the expected times in the 
mares that remained pregnant (group C). 
The ovariectomy was a safe and efficacious 
procedure and no untoward sequelae were 
noted.

Discussion

Hydroxyprogesterone caproate has been 
specifically advocated for use in pregnancy 
maintenance of mares (manufacturer’s 
recommendations). Despite lack of research 
data supporting the drug for this purpose, 
its use appears to be widespread. It 
was not the purpose of this study to 
examine whether or not supplementation 
of progestagens is a rational therapeutic 
approach, however if mares are treated 
with hydroxyprogesterone caproate with the 
expectation of actually helping them maintain 
pregnancy, then great caution would appear 
to be warranted. Our experiment suggests 
that hydroxyprogesterone caproate is not 
capable of supporting pregnancy when 
administered around day 18. In addition 
common sense would indicate that it is 
not likely to be of any more use when 
administered at a later time in pregnancy. 
In this study the method of ovariectomy did 
not appear to influence pregnancy loss, as 
Altrenogest was successful in maintaining 
all pregnancies until day 30 and 4 of 5 
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pregnancies until well past the time when 
ovarian steroids are no longer necessary for 
pregnancy maintenance. 

It should be noted that mares administered 
hydroxyprogesterone caproate received 
either 4 times (group A) or 15 times (group 
B) the manufacturer recommended doses. 
Mares in group A received one and mares 
in group B received two treatments before 
ovariectomy. Because mares in these groups 
aborted, developed follicles and displayed 
oestrus behaviour after ovariectomy it is 
unlikely hydroxyprogesterone caproate had 
much binding to progesterone receptors 
in these mares or that time from first 
treatment to ovariectomy (2 days) was 
responsible for the drugs inability to maintain 
pregnancy. Current recommendations for 
hydroxyprogesterone caproate for pregnancy 
maintenance in mares were 500mg every 
2-4 weeks. 

Another point of interest in this study was 
the relatively quick time to pregnancy loss 
(mean; 3.1 days, range; 2-5 days) compared 
to previous studies using PGF2 as the 
method of CL regression. The mean number 
of days to embryonic loss was greater for 
mares treated with PGF2 on day 12 (6.8 
days) than for mares ovariectomized on 
day 12 (3.0 days) (Ginther 1985). Perhaps 
these findings demonstrate the effect of 
immediate total progesterone withdrawal as 
distinct from a more gradual decline noted 
after PGF2 release. In addition, in our 
study vesicle loss was always associated 
with a softening cervix and the presence 
of endometrial folds; however, mares did 
not ovulate for a mean of 7.8 days after 
unilateral ovariectomy (range 5-11 days). 
The results of this experiment suggest 
that pregnancy in mares with inadequate 
luteal function cannot be maintained with 
hydroxyprogesterone caproate at 4-15 
times the recommended dose rate. 

However pregnancy could be maintained by 
Altrenogest and endogenous progesterone 
supplementation from secondary CL 
development is possible despite exogenous 
progestagen therapy”.Another study from 
CSU recently re-examined the dose of 
progesterone necessary for pregnancy 
maintenance.“Exogenous progestins 
are often given to pregnant mares but 
many questions remain unanswered as to 
the relationship between concentrations 
of progesterone and embryo survival. 

Thus, embryos were collected 7 days 
after ovulation and transferred into either 
ovarian- intact recipients (I, n=15) or 
ovariectomized recipients which were 
given 100 mg progesterone (L, n=15) or 
1,500 mg progesterone (H, n=15) daily. 
Concentrations of progesterone were 
determined in all mares from days 0 to 13. 
Recipients were examined for pregnancy 
with ultrasonography during days 11 through 
25. 

Between days 28 and 100, twelve ovarian-
intact, pregnant recipients were monitored 
for follicular and luteal changes and 
bled for determination of progesterone 
concentrations for 4 days at 2-week intervals. 
Twelve ovariectomized pregnant recipients 
were taken off injectable progesterone days 
25-30 and pregnancy maintained to day 
100 with an oral progestin, Altrenogest. 
Concentrations of progesterone in these 
mares were determined every 3 days. 
Progesterone treatment had no effect on 
maintenance of pregnancy to day 100 or 
size of embryonic vesicle (P>0.05). Levels 
of progesterone during days 1 to 13 were 
1.3 to 3.0 ng/ml, >25 ng/ml and 7 to 9 
ng/ml for groups L, H and I, respectively. 
Concentrations of endogenous progesterone 
in ovariectomized pregnant mares became 
>1 ng/ml by day 91 of gestation indicating
placental progesterone secretion. Increased 
concentrations of progesterone from days 
60 to 100, seen in ovarian-intact, pregnant 
mares, were primarily due to secretions 
from corpora lutea. There was, in fact, a 
correlation between the number of 20-CL 
and progesterone level (r2=0.74). Initial 
formation of secondary CL’s (20-CL) occurred 
from 28 to 51 days, with peak formation of 
20-CL on days 55 to 70 of gestation”.

We are at least now cognizant of a few 
progestins we can use. Progesterone at 
around 150 mg/day and Altrenogest at 
22 mg/day. Further studies conducted 
at the GVEH have indicated that other 
progestagens are also inappropriate 
for administration. “The purpose of the 
present study was to examine the ability of 
various commercially available progestagen 
preparations to maintain pregnancy in mares 
given a luteolytic dose of PGF2 to ablate 
their endogenous supply of progesterone. 
Despite often voiced concerns within the 
veterinary profession about the value of 
progestagen supplementation to pregnant 
mares, there is little efficacy data on the 
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various progestagens available. Pregnancy 
can be maintained in ovariectomised mares 
by administering either progesterone or the 
orally active progestagen altrenogest. 

However we showed recently that the 
progestagen hydroxyprogesterone caproate 
was not capable of performing this function 
The results of this experiment demonstrated 
convincingly that medroxyprogesterone 
acetate, hydroxyprogesterone hexanoate, 
norgestomet and megesterol acetate were 
unable to maintain pregnancy in mares 
between days 18 and 30 after ovulation in 
the absence of endogenous progesterone 
secreted by a viable CL. It is reasonable 
to conclude from these findings that the 
progestagens used in this study are not likely 
to be of any more use when administered 
at a later time in pregnancy. Pregnancy 
in the mare can be maintained solely by 
placental sources of progestagens from 
around day 100 of gestation 109,115,116, 
but prior to this time ovarian corpora lutea, 
both primary andsecondary109 are the only 
endogenous source of this vital hormone of 
pregnancy.

The progestagens chosen in this study are 
those commonly administered by equine 
veterinary clinicians either to prevent 
abortion or to modify undesirable behaviour 
in performance horses. Altrenogest was used 
as a positive control since it had been shown 
in a previous study to maintain pregnancy in 
ovariectomised mares. This earlier trial also 
showed hydroxyprogesterone caproate was 
incapable of maintaining pregnancy in the 
ovariectomised animals which led the same 
substance being renamed and repackaged 
under the name of hydroxyprogesterone 
hexanoate This difference in nomenclature 
was not known at the time that the present 
experiment began.

Despite a lack of basic research or efficacy 
data to support the administration of these 
compounds for pregnancy maintenance in the 
mare, they are widely used for this purpose. 
Hydroxyprogesterone hexanoate has been 
specifically advocated for use in pregnancy 
maintenance of mares (manufacturer’s 
recommendations). We cannot understand 
how such blatant misrepresentation can 
go unchallenged, either professionally or 
legally. 

Little data exist on supplementation later 
in pregnancy when the placenta is the 

only source of progestins. A study at CSU 
examined progestins at this time and effect 
of supplementation.116 Two experiments 
were conducted to determine when a 
placental source of progestin was sufficient 
for maintaining pregnancy in the mare. In 
the first study, embryos were transferred 
into ovariectomized mares and pregnancy 
was maintained with altrenogest. Altrenogest 
treatment was terminated at either day 100 
(n=6) or day 150 (n=6). Twelve ovarian-
intact mares were assigned to a second 
experiment on day 100 of gestation. On 
day 160 of gestation, these mares were 
assigned to one of three treatments:

1) ovariectomy on day 160 and given 
Altrenogest to day 200 (n=4); 2) ovariectomy 
on day 180 and given Altrenogest to day 
250 (n=4); or 3) ovariectomy on day 200 
and given Altrenogest to day 300 (n=4). 
Blood samples were collected every 2 weeks 
from all mares in both experiments from 
day 100 to parturition and assayed for 
concentrations of progestins. Pregnancy 
loss from day 100 to parturition was not 
different among groups in either experiment. 
Serum concentrations of progestins in 
ovary-intact mares were greater (P<0.05) 
than those in ovariectomized pregnant 
mares until day 130, after which they were 
similar. Serum concentrations of progestins 
in the ovariectomized pregnant mares 
rose gradually from day 100 until near 
parturition. 

Serum concentrations of progestins in the 
ovary-intact pregnant mares declined from 
day 100 to day 157, did not vary significantly 
from day 157 to day 245, then rose until 
near parturition. Serum concentrations of 
progestins tended to decrease the sixth day 
prior to parturition. From these data, we 
conclude that even though the ovary is a 
significant source of circulating progestins 
until day 130 of pregnancy in the mare, 
the feto- placental unit produces sufficient 
progestins to maintain pregnancy by day 
100 of gestation. 

Unfortunately this and other studies have 
not been able to address the question of 
whether or not supplementation of the feto-
placental unit would ever be likely to be 
required. Unfortunately, we as practitioners 
will continue to administer progestagens 
to late term pregnant mares, primarily 
because of lack of information.
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Anabolic Steroids

Androgenic compounds such as testosterone 
and anabolic steroids are often used in the 
equine industry in an effort to improve 
the performance of the horse, accelerate 
the growth process, increase appetite, etc. 
Since anabolic steroids were shown to be 
detrimental in stallions, the effect of these 
compounds in mares was also evaluated.
Forty-eight yearling mares were assigned to 
receive either Equipoise at the recommended 
level or four times the recommended level, 
Decadurabolin (1.1mg per kg body weight) 
or sesame oil. Injections were given once 
every three weeks for 54 weeks. After 
cessation of treatment, fertility of mares 
as three year-olds was assessed during the 
subsequent breeding season. 

In both breeding seasons, mares were teased 
daily and their ovaries, uterus and cervix 
examined per rectum once every four days, 
unless a > 30 mm follicle was present, in 
which case palpations were performed daily. 
Blood samples were collected to determine if 
steroid treatment altered normal hormonal 
profiles. Clitoral width was measured weekly 
for four weeks during each season of the 
year. None of the mares receiving anabolic 
steroids displayed oestrous behaviour. All 
12 mares in the control group ovulated 
by the end of the first breeding season, 
compared to only 2 of 10 and 0 of 12 mares 
administered the high dose of Equipoise and 
Decadurabolin, respectively. Steroid-treated 
mares had smaller ovaries, fewer large 
follicles and fewer total follicles compared 
to controls. High doses of Equipoise and 
decadurabolin suppressed concentrations of 
LH and FSH, similar to that demonstrated 
previously in stallions. Mean concentrations 
of progesterone in these two steroid treated 
groups were consistently less than 1ng 
per ml, which is typical of mares in winter 
anoestrus. 

Administration of anabolic steroids resulted 
in a dramatic increase in clitoral size. In 
addition, anabolic steroids severely altered 
sexual behaviour. Mares exhibited increased 
aggressiveness, male-like behaviour and 
homosexual behaviour. When an oestrous 
mare was introduced into their herd, mare 
from all steroid treated groups engaged 
in mounting and teasing behaviour. 
Unfortunately, anabolic steroids had no 
beneficial effect on body weight or height 
at withers. The reproductive ability of these 

mares was evaluated during the breeding 
season after the cessation of treatment. 
Fewer mares in all groups previously 
administered anabolic steroids displayed 
oestrous behaviour compared to controls. 

Duration of oestrus was shortened in mares 
that had received steroids. Although the 
occurrence of abnormal behaviour declined 
with time, some mares continued to exhibit 
abnormal sexual behaviour for up to 6 
months after treatment ceased. First cycle 
pregnancy rates were 83, 67, 50 and 42% for 
mares in the control, low level of Equipoise, 
high level of Equipoise and Decadurabolin 
groups, respectively. Reproductive efficiency 
was compromised in steroid treated mares 
and interval to conception was delayed. 
There also was a trend toward greater 
embryonic death in treated vs. control 
mares. Since many of the steroid treated 
mares did not exhibit oestrus, these mares 
would have been difficult to impregnate if 
they had not been artificially inseminated 
based on the presence of a preovulatory 
follicle. 

Failure to exhibit normal oestrus would have 
prevented these mares from being bred if 
natural mating had been required. Thus, 
the use of anabolic steroids especially on 
Thoroughbred mares should be discouraged. 
Since no decrease in clitoral size was noted by 
the end of the study, this response to steroid 
treatment may be useful in determining if 
mares have been previously administered 
anabolic steroids. In summary, due to the 
detrimental effects of anabolic steroids on 
reproductive function in both stallions and 
mare, these compounds should not be used 
in horses intended for reproduction.

Anti GnRH vaccines

The release of ‘Equity’, a vaccine against 
GnRH has resulted in its widespread use. 
It has been used to control unwanted 
oestrous behaviour in mares and fillies and 
male behaviour in colts and stallions. The 
vaccine is only registered for use in mares 
or fillies not intended for breeding. Despite 
the warning it appears that extra label use 
is widespread. We have observed cases of 
mares not returning to cyclicity at the time 
period thought likely (see attached paper). 
In addition there are stallions that have 
been treated and have been presented with 
small testicles.
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Recommendations for vaccination are two 
doses at ~ a one month interval followed by 
re-vaccination at 6 monthly intervals.
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Embryo Transfer and 
Related Technologies

Angus O. McKinnon

Introduction

Embryo transfer (ET) in horses was 
first described in 19721,2 and has been 
performed commercially since the 1980’s.

The development of equine ET has lagged 
behind other domestic species due to the 
limitation of one embryo transfer per year 
from most of the major breed registries. 
In 2002 the American Quarter Horse 
Association (AQHA) acting on legal advice, 
withdrew the rule governing the numbers 
of embryos transferred per mare per year 
and retrospectively allowed registration 
of multiple ET derived foals from the 
beginning of the introduction of ET to the 
AQHA legislation. This is expected to have 
significant implications to the numbers of 
ET’s performed in the coming years.

Embryo transfer has 
traditionally been most 
widely used in the older 
mare that fails to get 
pregnant or conceives, 
establishes a pregnancy 
and then undergoes EED 
or abortion. This limits the 
technology as these mares 
are less likely to provide 
embryos for transfer than 
normal, reproductively 
healthy mares.More recently 
ET has been used in 
performance mares (racing, 
showing, polo, cutting etc) 
and has combined newer 
technologies such as breeding 
with frozen semen, low dose 
insemination techniques and 
other assisted reproductive 
techniques (ART) such 
as oocyte transfer and 
intracytoplasmic sperm injection (ICSI). 
Adoption of these techniques places pressure 
on researches to develop methods of 
superovulation and better cryopreservation 
of larger embryos and even oocytes.

ET can be performed on yearling10or two 
year old mares as a method to get them 
into production one or two years earlier 
than traditional breeding. In addition ET 
has been used to produce offspring from 
endangered equids such as the Przewalski’s 
horse, zebras11 and the endangered Poitou 
donkey12 (Fig. 1).

Management of Donors and 
Recipients

Embryos are usually collected on day 6, 7 or 
8 (day 0 is day of ovulation) from naturally 
single or occasionally multiple ovulations. 
Embryos are collected one day later if the 
mare has been bred to frozen semen rather 
than fresh or cooled semen. There is an 
extremely rapid growth that

Figure 1. The birth of an endangered 
donkey (Poitou) from ET into a 
Standardbred mare.

occurs in the horse embryo from a morula 
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to an expanding blastocyst (day 5 to day 
7)13,14 that results in special characteristics 
defining embryo development (Figs. 2a-c).

Figure 2a. An equine morula.

Figure 2b. A day 6.5 equine embryo 
expanding blastocyst).

Figure 2c A day 7.5 equine embryo. 
Note slight trophoblast collapse.

Day 6 embryos are smaller, harder to 

harvest and are the best developmental age 
for micromanipulation such as bisection15 
or for freezing.Day 8 embryos are the 
largest size that can comfortably fit into a 
0.25 ml pipette for transfer. Factors that 
affect embryo recovery are; age of the 
mare, semen quality, semen type (fresh, 
cooled or frozen), number of ovulations and 
age of the mare.4 Mares with a history of 
establishing pregnancies and then aborting 
are better candidates than those with a 
history of repeatedly returning to oestrus 
after breeding, as they most likely will 
not provide a fertilised egg for recovery 
from the uterus. We have demonstrated a 
significantly lower recovery of embryos from 
mares with a history of infertility compared 
to normal experimental mares.This was not 
believed to be due to failure to identify the 
embryo or differences in fluid recovery. 

Apparently the poor recovery rates from 
infertile mares were due to absence of 
fertilisation and/or altered gamete transport, 
preventing spermatozoa from reaching the 
egg, the fertilised egg from reaching the 
uterus, or an increased incidence of early 
embryonic death.Also, in our experience, 
multiple embryos per cycle are more 
frequently recovered from Thoroughbred 
and Warmblood mares, compared to Quarter 
Horses or Arabian mares. In one study over 
a total of 59 oestrous cycles, a spontaneous 
multiple ovulation (> 2 ovulations) was 
detected in 56% of cycles. The majority of 
ovulations occurred the same day (68.6%) 
or one day apart (27%). Embryo recovery 
seven days after a single ovulation was 
52.8% compared to 106% for spontaneously 
double ovulating mares (P < 0.001).22

Recovery rates for days 7, 8 and 9 post-
ovulation were similar but recovery of 
embryos on day 6 was slightly lower.The 
lower embryo recovery rate on day 6 may 
be attributed to: 1) failure to identify the 
embryo in the recovery medium; 2) loss 
of the embryo during recovery procedure 
due to its small size; 3) failure to obtain 
the embryo in the uterine flush because of 
its greater specific gravity; or 4) failure of 
some embryos to enter the uterus by day 6. 
More than likely the latter two reasons are of 
greater significance. In one study involving 
27 mares that failed to provide an embryo 
on day 6.5, nine established a pregnancy 
without subsequently being re-bred.Some 
of these pregnancies may have originated 
from a second ovulation that was not 
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detected and occurred following cessation of 
palpation at the end of estrous. In another 
study, 143 embryo recovery attempts were 
performed on day 6. Ninety two mares 
(64%) failed to provide an embryo. Eighty 
three mares that failed to provide an 
embryo were subjected to embryo recovery 
again on day 7 post-ovulation. The recovery 
of 18 embryos on day 7 (22%) whose 
mean development stage (early blastocyst) 
and size (330 μm) was not significantly 
different from embryos recovered on day 6, 
suggested that failure of recovery on day 
6 was due to delayed oviductal transport, 
not flushing technique.Embryo recovery 6.5 
days after ovulation in superovulated mares 
was 1.5 versus 2.6 when these same mares 
were flushed 7.5 days after ovulation.

Embryo Recovery

Methods of recovery have not varied much 
from the original description of Imel.3 A 
catheter is introduced into the vagina, 
through the cervix and approximately 5 
cm into the uterine body. Once in position, 
the cuff of the catheter is inflated with 60 
ml of sterile saline or air. The catheter is 
then drawn back against the internal os of 
the cervix to assure a tight seal. A buffered 
solution (e.g., Dulbeccos phosphate buffered 
saline) is infused into the uterus (one to two 
litres at a time) and recovered by gravity 
through a 75 micron filter. The procedure 
is repeated at least 3 times but commonly 
more often (up to six). A study of how to 
improve embryo recovery demonstrated 
that embryos were recovered on the first 3 
liters in 31.6% of attempts from 209 client 
mares. A total of 32 additional embryos 
were subsequently recovered during the 
extra flush attempt with 2 additional liters 
of medium.29 If the media is clear it 
may be reused immediately on the same 
mare. The filtered media is tipped into a 
search dish and is then examined under 
7-15x magnification with a stereo dissection 
microscope.

Occasionally it may be necessary to perform 
the flush in a mare with her cervix fully dilated 
and a hand inserted the uterus. In these 
cases fluids are difficult to contain within the 
uterus. Improved embryo recovery rates 
have been suggested by allowing some time 
(three minutes) from infusion of the first 
flushing solution until recovery30 and also 
after administering oxytocin.

If enough people are available, a considerable 
time saving may be introduced by searching 
as the flushing is performed. Ideally the 
filtered fluids are examined after every two 
litres. Usually the larger embryos (day 8 and 
9) can be seen with the naked eye but the 
younger embryos (day <8) require use of 
the microscope. The recovered embryos are 
washed and graded and then maintained in 
the culture dish at room temperature until 
transferred.

Recipient Mares

Proper selection and management of 
recipient mares is probably be the most 
important factor affecting success of an 
equine embryo transfer program. Maiden 
mares or young mares that have a history 
of producing one or two foals are preferred 
as recipients. Clients have a right to expect 
quiet and well handled mares as recipients. 
We prefer recipient mares weighing 450 to 
550 kg, to be 3 to 10 years old and halter 
broken. The method of matching recipients 
with donors in our embryo transfer program 
may be unique because of the large number 
of recipient mares we maintain. 

Usually a donor can be matched with a 
recipient that has ovulated spontaneously, 
without using hormones to synchronise their 
cycle. Where large numbers of recipient 
mares are not available, synchronisation 
of ovulation can be provided by hormonal 
therapy. It is preferable that at least two 
recipients are available for each donor 
mare. A full reproductive exam is performed 
on all mares. Recipient mares should be fed 
to maintain good body weight and condition. 
An effort is made to use only those recipients 
that have experienced two or more normal 
cycles. Recipients are selected that have 
ovulated one day prior (+1) or 0 to 3 days 
after (0, -1, -2, -3) the donor mare.

Mares that receive an embryo non-surgically 
are treated with antibiotics and Regumate 
for 5 days after transfer. Recipients may be 
examined with ultrasonography at 11-12 
days of gestation (four to five days post 
transfer).Mares are re-examined on day 15, 
25, 35, 45 and 60 of pregnancy. Embryonic 
death between day 15 to 60 of gestation 
appears to be no greater in embryo transfer 
recipients than in mares inseminated with 
fresh semen.The influence of the size of 
the recipient on the ease of foaling and the 
subsequent size of the foal is an unresolved 
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issue. It certainly is important from the 
client’s perspective that they receive a 
recipient that is big enough to let the foal 
be born a normal size. The experiments 
reported of Walton and Hammond34 are 
indicative of our philosophy, in that the size 
and health of the uterus determines the size 
of the foal at term. This was also supported 
by work from Newmarket. 

‘The influence of maternal size on foal 
birthweights and the total microscopic area 
of fetomaternal contact at the placental 
interface was studied by comparing placentae 
from normal Thoroughbred-in-Thoroughbred 
and Pony-in-Pony control pregnancies with 
those from between-breed Thoroughbred-
in-Pony (deprived in utero environment) 
and Pony-in-Thoroughbred (luxurious in 
utero environment) Pregnancies created by 
embryo transfer. Strong positive correlations 
were revealed between foal birthweight and 
both the gross area of the placenta and 
the total microscopic area of fetomaternal 
contact via the microcotyledons. The results 
highlight the importance of the intrauterine 
environment for the growth and development 
of the equine fetal foal.

A development in the late 1980’s in 
equine embryo transfer, was the use of 
ovariectomised steroid treated mares as 
recipients.It is necessary prior to transfer of 
the embryo to treat the ovariectomised mare 
with progesterone or progestins (synthetic 
progesterone like compounds) for 4-7 days 
before transfer until between day 100 and 
day 140 of pregnancy (when placental 
progestogens will maintain pregnancy).40 
Pregnancy rates following surgical transfer 
into ovariectomised progestin treated mares 
were similar to intact controls (70%).
Parturition and lactation of ovariectomised 
embryo transfer recipients has been reported 
normal. 

The use of ovariectomised steroid treated 
mares as recipients eliminates the need 
for synchrony of ovulation between donor 
and recipient and reduce the number of 
recipients per donor, however the need for 
daily administration of progestins reduces its 
appeal dramatically. To further demonstrate 
that the uterus and progesterone were all 
that were necessary to nourish an equine 
pregnancy, it was reported that foals were 
born after ET into mares with gonadal 
dysgenesis.Early in the breeding season 
when mares are not cycling naturally, 

intact mares can be used as recipients by 
supplementation with a progestin.

Embryo Transfer

In earlier publications on ET we advocated 
the use of surgical transfer of equine 
embryos4 as various studies on non-
surgical transfer of equine embryos have 
been attempted by others with extremely 
variable results (12.5 to 71% pregnancy 
rates). Currently we restrict the use of 
surgical transfer to ART (such as ICSI or 
GIFT or oocyte transfer) as pregnancy rates 
have been >75% per embryo transferred 
at day 15 for more than 8 years using 
nonsurgical transfer. Many variations of 
non surgical transfer have been reported; 
however, careful management of delicate 
tissues in standard non surgical ET will 
result in consistent pregnancy rates without 
the need to grasp novel procedures. Our 
equipment preference is the Cassou (IMV, 
L’Aigle, France) ET transfer pipette (0.25 ml 
straw), which has a sterile disposable outer 
sheath and a thin plastic wrap, (sanitary 
sleeve) that the transfer pipette pushes 
through as the cervix is penetrated.

Factors Affecting Pregnancy Rates

The majority of embryo transfers have 
been performed 6 to 8 days post-ovulation. 
Limited studies are available addressing the 
effect of embryo age on pregnancy rate. 
From results of experiments it appears that 
the older, larger embryos are less viable 
in non-surgical transfer and possibly even 
surgical transfer. The older embryos (> 8 
days) with their increased fluid volume to 
surface ratio may not withstand the shock 
of recovery and transfer to recipients as 
well as smaller embryos. Despite this, we 
have produced foals transferring embryos 
at 10 days of age (Fig. 3). Once we identify 
the mare is pregnant using ultrasonography 
we then harvest and transfer the embryo. 
No expensive identification equipment is 
necessary, however the catheter used to 
flush the mare is necessarily large. The 
first foal from this technique was born at 
the GVEH in 1993. To date the 10 day non 
surgical transferred pregnancy rates are not 
very encouraging.

As the morphology of the embryo becomes 
more abnormal, the possibility of a 
pregnancy resulting from transfer of the 
embryo decreases.4 Also interesting is the 
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reported lower pregnancy rates and higher 
embryonic loss after ET from older mares.

A total of 638 embryo transfers conducted 
over 3 yr were retrospectively examined to 
determine which factors (recipient, embryo 
and transfer) significantly influenced 
pregnancy and embryo loss rates and to 
determine how rates could be improved.50 
‘On Day 7 or 8 after ovulation, embryos (fresh 
or cooled/transported) were transferred 
by surgical or nonsurgical techniques into 
recipients ovulating from 5 to 9 d before 
transfer. At 12 and 50 d of gestation (Day 0 
= day of ovulation), pregnancy rates were 
65.7% (419 of 638) and 55.5% (354 of 
638). 

Pregnancy rates on Day 50 were significantly 
higher for recipients that had excellent to good 
uterine tone or were graded as ‘’acceptable’’ 
during a pretransfer examination, usually 
performed 5 d after ovulation, versus 
recipients that had fair to poor uterine tone 
or were graded ‘’marginally acceptable.’’ 
Embryonic factors that significantly affected 
pregnancy rates were morphology grade, 
diameter and stage of development. The 
incidence of early embryonic death was 
15.5% (65 of 419) from Days 12 to 50. 

Embryo loss rates were significantly higher 
in recipients used 7 or 9 d vs 5 or 6 d after 
ovulation. Embryos with minor morphological 
changes (Grade 2) resulted in more (P < 
0.05) embryo death than embryos with 
no morphological abnormalities (Grade 1). 
Between Days 12 and 50, the highest 
incidence of embryo death occurred during 
the interval from Days 17 to 25 of gestation. 
Embryonic vesicles that were imaged with 
ultrasound during the first pregnancy exam 
(5 d after transfer) resulted in significantly 
fewer embryonic deaths than vesicles not 
imaged until subsequent exams. In the 
present study, embryo morphology was 
predictive of the potential for an embryo 
to result in a viable pregnancy. Delayed 
development of the embryo upon collection 
from the donor or delayed development of 
the embryonic vesicle within the recipient’s 
uterus was associated with a higher incidence 
of pregnancy failure. Recipient selection 
(age, day after ovulation, quality on Day 5) 
significantly affected pregnancy and embryo 
loss rates’.

Figure 3. A 10 day equine embryo.

Relevant Technological 
Advances

Embryo Storage

Cooled transported embryos have increased 
flexibility of equine ET by allowing major 
centers to maintain large numbers of 
recipients for transfer of embryos collected 
from remote locations.This means that 
experienced personnel can perform the 
transfer and the expenses of maintaining a 
herd for a small population of donor mares 
is eliminated. The procedures for cooling 
and transporting equine embryos were first 
described in 1987.Originally the transport 
media described was Ham’s F10 with a 5% 
CO2 gas mixture to buffer it.

The main drawback to this media was the 
inability to maintain the media in a state 
ready for use. Preparation of media for 
cooling or transport of embryos under field 
conditions would be more practical with 
the use of a non gassed medium such as 
Ham’s F10 with Hepes buffer. However, day 
14 pregnancy rates for embryos transferred 
surgically following storage in Ham’s F10 
plus 10% foetal calf serum plus 5% CO2, 
5% O2, and 90% N2 for 24 hours at 5°C 
were better (P < 0.05) (14/20, 70%) than 
embryos maintained identically but with 
Hepes buffering of the Ham’s F10 media 
(4/20, 20%).

Results from more recent work has suggested 
that other media (EmCare, ICP, Auckland, 
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New Zealand, or Vigro Holding Plus, A-B 
Technology, Pullman, WA, USA) were also 
able to be used.These aforementioned 
commercial media do not need to be gassed 
and come in small disposable vials making 
them attractive for commercial use.

Embryos are cooled to 5oC in an Equitainer 
or other form of passive cooling device. 
Embryos are generally packaged in 4 ml 
plastic tubes or 0.25 ml straws, sealed and 
placed into a larger volume of media to 
minimize temperature variations.

Pregnancy rates from embryos cooled 
and transported are similar to transfer 
of embryos immediately.The numbers of 
embryos transferred after cooling and 
transport at both our ET centers has been 
steadily increasing.

Frozen embryo technology has lagged 
behind other equine ET developments. 
Partly this may be due to a perceived lack of 
applicability due to the inability to repeatedly 
harvest multiple embryos and partly due to 
breed registry restrictions on transferring 
frozen embryos. In addition technical 
difficulties with freezing lager embryos 
may have also contributed. Advantages 
of freezing embryos include: 1) embryos 
can be stored indefinitely, thus preserving 
important genetic lines; 2) embryos can be 
collected from donors and transferred into 
recipients at a later time, thus minimising 
the number of recipients; and 3) embryos 
can be transported within and exported 
from countries at our convenience without 
regard to matching of recipient cycles. 

Cryopreservation of equine embryos16,25,59 
resulted in reasonable pregnancy rates. 
Results could be improved further if only 
embryos at the morula or early blastocyst 
stage of development are frozen. An 
interesting development that nicely 
demonstrates the flexibility of ET is the 
freezing of equine embryos in the breeding 
season and successful establishment of 
pregnancies after transfer in the non 
breeding season into ovariectomised mares 
treated for six days with Regumate prior to 
transfer.60 In these cases recipients need 
to be kept on Regumate treatment until at 
least 100 days of pregnancy.

Techniques involve addition of glycerol in 
one or two steps to a final concentration 
of 10%. Other cryoprotectants such as 1, 

2 propanediol and ethylene glycol have 
been examined.Numerous studies have 
been published with the following general 
conclusions consistently reported.Success 
from cryopreservation of larger embryos is 
still not commercially viable. The protocol 
first reported by16 is quite efficacious for 
embryos < 200 um and can be modified to 
remove glycerol in 3 steps (inclusive of 10% 
sucrose).

Expected pregnancy rates from smaller 
embryos (late morula’s and early blastocysts 
i.e. <300 microns) after freeze/thaw is 
around 70%. Success with larger expanded 
blsatocycts (>300 microns) is much less at 
around 10-20%.One study reported good 
pregnancy rates from larger embryos at 
57%.The exact reason for failure of large 
embryos to survive the freeze thaw process 
is not currently known, although it possibly 
relates to differences in permeability to 
cryoprotectants at different embryo 
ages,probably related the capsule65,68 and 
the recognition that the inner cell mass 
cells are more susceptible to damage during 
cryopreservation than the trophectoderm.

Recent research on equine embryo 
preservation has concentrated on vitrification 
of embryos.Vitrification is explained well 
by the following quotation. ‘The failure 
of complex mammalian organs, such as 
the kidney, to function following freezing 
to low temperatures is thought to be due 
largely to mechanical disruption of the 
intercellular architecture by the formation 
of extracellular ice. Classical approaches 
to the avoidance of ice formation through 
the imposition of ultra-rapid cooling and 
warming rates or by gradual depression of 
the equilibrium freezing point during cooling 
to -80 degrees C have not been adequate. 
An alternative approach relies on the ability 
of highly concentrated aqueous solutions 
of cryoprotective agents to supercool to 
very low temperatures. At sufficiently low 
temperatures, these solutions become 
so viscous that they solidify without 
the formation of ice, a process termed 
vitrification. 

When embryo suspensions are cryopreserved 
using conventional procedures, this 
supercooling behaviour allows intracellular 
vitrification, even in the presence of 
extracellular ice. We have therefore used 
mouse embryos to examine the feasibility of 
obtaining high survival following vitrification 
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of both the intra- and extracellular solutions 
and report here that in properly controlled 
conditions embryos seem to survive in high 
proportions after cryopreservation in the 
absence of ice’.

Theoretically vitrification will result in 
more time efficiency and does not involve 
expensive computer controlled freezing rate 
equipment.Initial studies with vitrification 
were quite promising with demonstration 
of similar pregnancy rates from open 
pulled straw systems and a cryoloop versus 
conventional techniques.‘The open pulled 
straw (OPS) and cryoloop have been used 
for very rapid cooling and warming rates. 
The objective of this experiment was to 
compare efficacy of vitrification of embryos 
in OPS and the cryoloop to conventional 
slow cool procedures using 0.25 mL straws. 
Grade 1 or 2 morulae and early blastocysts 
(< or = 300 microm in diameter) were 
recovered from mares on Day 6 or 7 post 
ovulation. 

Twenty-seven embryos were assigned to 
three cryopreservation treatments: (1) 
conventional slow cooling (0.5 degrees C/
min) with 1.8 M ethylene glycol (EG) and 0.1 
M sucrose, (4) vitrification in OPS in 16.5% 
EG, 16.5% DMSO and 0.5 M sucrose, or (3) 
vitrification with a cryoloop in 17.5% EG, 
17.5% DMSO, 1 M sucrose and 0.25 microM 
ficoll. Embryos were evaluated for size and 
morphological quality (Grade 1 to 4) before 
freezing, after thawing, and after culture for 
20 h. In addition, propidium iodide (PI) and 
Hoechst 33342 staining were used to assess 
percent live cells after culture. There were 
no differences (P > 0.1) in morphological 
grade or percent live cells among methods. 
Mean grades for embryos after culture were 
2.9 +/- 0.2, 3.1 +/- 0.1, and 3.3 +/- 0.2 for 
conventional slow cooling, OPS and cryoloop 
methods, respectively. Embryo grade and 
percent live cells were correlated, r = 0.66 
(P < 0.004). Thus OPS and the cryoloop 
were similarly effective to conventional slow-
cooling procedures for cryopreserving small 
equine embryos’.This and other studies 
have utilized embryo culture and laboratorty 
techniques to asses embryo viability.

A more recent report has demonstrated 
the applicability of vitrification to early 
equine embryos by transferring embryos 
into recipients.‘In a preliminary study 
(Experiment 1), embryos were exposed 
in three steps to vitrification solutions 

containing increasing concentrations of 
ethylene glycol and glycerol (EG/G); the 
final vitrification solution was 3.4 M glycerol 
+ 4.6 M ethylene glycol in a base medium 
of phosphate-buffered saline. Embryos 
were warmed in a two-step dilution and 
transferred into uteri of recipients. No 
pregnancies were observed after transfer of 
blastocysts >300 μm (n = 3). Transfer of 
morulae or blastocysts <= 300 μm resulted 
in four embryonic vesicles (4/6, 67%). In 
a second experiment, embryo recovery 
per ovulation was similar for collections on 
Day 6 (28/36, 78%) versus Days 7 and 8 
(30/48, 62%). 

Embryos <= 300 and >300 μm were 
vitrified, thawed and transferred as in 
Experiment 1. Some embryos <300 μm 
were also transferred using a direct-transfer 
procedure (DT). Embryo development rates 
to Day 16 were not different for embryos <= 
300 μm that were treated as in Experiment 
1 (10/22, 46%) or transferred by DT (16/26, 
62% ). Embryos >300 μm (n = 19) did not 
produce embryonic vesicles’.70 Recently, 
20 embryos were transferred that had 
been cooled for 12 to 19 hr then vitrified. 
Thirteen of 20 (65%) mares became 
pregnant compared to 15 of 20 pregnancies 
from embryos vitrified immediately after 
collection.Clearly, this study has supported 
the potential of on farm embryo collection 
followed by transport to a facility capable of 
handling vitrification.

Superovulation

Some of the advantages of superovulation 
would be: 1) possibility for collection of 
multiple embryos, 2) higher pregnancy 
rates per embryo recovery attempt, 3) an 
increase in the number of embryos available 
to freeze and 4) increase in the number 
of preovulatory follicles that may enable 
harvesting of more in vivo matured oocytes. 
Other benefits not strictly related to ET 
would be improving pregnancy rate from 
problem breeders and better pregnancy 
rates from subfertile stallions or from frozen 
semen from some stallions. 

Even an increase in the number of pregnancies 
per cycle would be a huge boon to the 
breeding industry providing sophisticated 
techniques of twin or multiple vesicle 
elimination were available.75 Some of the 
problems are: 1) inconsistency in number 
of mares responding to superovulation 
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treatments 2) lack of availability of 
commercial superovulatory drugs; 3) 
considerable cost of the superovulation 
treatment; and 4) possible lowered viability 
of multiple embryos.

In cattle, sheep and a variety of non domestic 
species treatment with equine chorionic 
gonadotropin (eCG - initially known as 
pregnant mare serum gonadotropin-PMSG) 
or FSH reliably induce multiple ovulation 
and have improved the efficiency of ET. The 
horse is extremely refractory to stimulation 
with eCG. Some treatments attempted to 
induce superovulation in horses and their 
results are listed below.

GnRH: Gonadotropin releasing hormone 
(GnRH) has been reported to induce ovulation 
in seasonally anoestrus mares;however, it 
has been demonstrated to be ineffective 
in cycling mares during the regular 
breeding season for induction of multiple 
ovulation.79,80

Equine Pituitary Extract (EPE:):

EPE is a crude pituitary extract obtained from 
extraction81of abattoir derived pituitaries 
containing 6-10% LH and 2-4% FSH. It has 
been clearly demonstrated that multiple 
ovulation can be induced in both seasonally 
anovulatory and cycling mares with EPE.82-
86 However, the induction of ovulation in the 
seasonally anovulatory mare is impractical 
since a large number of those mares fail 
to continue to cycle after the induced 
ovulation and if they become pregnant fail 
to maintain the CL. In addition, effective 
doses of pituitary extract for induction of 
multiple ovulation are higher in anovulatory 
mares. Pituitary extract administered during 
dioestrus for a period of approximately one 
week appears to be an effective means of 
inducing multiple ovulation in cycling mares. 
However, ovulation rates are quite low in 
comparison to those obtained in cattle, 
usually ranging from 2 to 4 ovulations per 
mare. 

A more refined form of EPE has just become 
available (see FSH Below). The questions of 
1) are multiple ovulations associated with a 
reduced number of embryos per ovulation? 
and 2) are they reduced in viability?, have 
not adequately been resolved. It is most 
likely that the reduced number of embryos 
(embryos/ovulation) is related to those 
mares that have multiple ovulations on 

the same ovary. In relation to viability, 
although it was suggested that reduction 
in viability of multiple embryos occurred by 
one group,much of this was recorded before 
ultrasonography. Subsequent experiments 
refuted earlier work and encouraged the use 
of embryos collected from superovulatory 
programs. One study was able to show 
fertilisation rates and embryonic development 
from oviductal embryos collected from either 
EPE treated mares or controls were identical. 
Purification of EPE by removing LH has not 
resulted in an improvement in ovulations 
or embryo recovery rate.A pregnancy rate 
of 70% was reported for embryos collected 
from superovulated mares after vitrification 
and transfer.

The superovulation response was 
increased by increasing the frequency of 
administration90 and this was subsequently 
shown to be associated with the total dose 
of EPE.91 ‘Mares receiving 50 mg of EPE 
once daily developed a greater number (P 
= 0.008) of preovulatory follicles than the 
remaining groups of EPE-treated mares, and 
more (P = 0.06) ovulations were detected 
for mares receiving 25 mg EPE twice daily 
compared to those receiving either 25 mg 
EPE once daily and 12.5 mg EPE twice daily’.
(Scoggin et al 2002). Although the response 
is much lower than seen in cattle, sheep 
and humans the horse does have the ability 
to respond to FSH (in the form of EPE). 
On average it can be expected that the 
response will be approximately 3 to 4 times 
the normal ovulation rate.

FSH: Early studies on the use of FSH92 
(Irvine 1981), demonstrated a mean 
ovulation rate for FSH-P (porcine FSH) 
treated mares of 1.7 ± 0.6 versus 1.0 for 
controls. Another study found that FSH-P 
was not as efficient as equine pituitary 
extract (EPE), with ovulation rates of 2.2 
for EPE, 1.6 for FSH and 1.0 for controls.93 
Dosages of FSH were between 150 and 200 
mg as often as twice daily in mid to late 
dioestrus. A study from Cornell University 
showed an ovulation rate of 1.80, 1.54, and 
1.50 for mares treated with 8,16 or 32 mg 
purified porcine FSH (Folltropin) compared 
to 1.2 for the controls. Injections were 
given twice daily from day 6 (PGF2a on day 
6) until follicles ≥ 40 mm were detected. 
Unfortunately the next season the ovulation 
rates for the lowest effective dose when 
studied in more detail were not different 
from controls.
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Recently a commercial form of equine FSH 
has been released onto the market as eFSH 
(Bioniche Animal Health USA, Inc., Athens, 
GA). Is has already been demonstrated as 
useful in increasing ovulation and embryo 
recovery rates. ‘The objective of this study 
was to evaluate the efficacy of purified 
equine follicle stimulating hormone (eFSH) 
in inducing superovulation in cycling mares. 
In the first experiment, 49 normal, cycling 
mares were used in a study at Colorado 
State University. Mares were assigned to 
1 of 3 groups: group 1, controls (n = 29) 
and groups 2 and 3, eFSH-treated (n = 10/
group). Treated mares were administered 
25 mg of eFSH twice daily beginning 5 or 
6 days after ovulation (group 2). Mares 
received 250 cloprostenol on the second 
day of eFSH treatment. Administration of 
eFSH continued until the majority of follicles 
reached a diameter of 35 rum, at which 
time a deslorelin implant was administered. 
Group 3 mares (n = 10) received 12 mg of 
eFSH twice daily starting on day 5 or 6. The 
treatment regimen was identical to that of 
group 2. Mares in all 3 groups were bred 
with semen from 1 of 4 stallions. Pregnancy 
status was determined at 14 to 16 days 
after ovulation. 

In experiment 2, 16 light-horse mares were 
used during the physiologic breeding season 
in Brazil. On the first cycle, mares served 
as controls, and on the second cycle, mares 
were administered 12 mg of eFSH twice 
daily until a majority of follicles were 35 turn 
in diameter, at which time human chorionic 
gonadotropin (hCG) was administered. 
Mares were inseminated on both cycles, and 
embryo collection attempts were performed 
7 or 8 days after ovulation. Mares treated 
with 25 mg of eFSH developed a greater 
number of follicles (35 mm) and ovulated 
a greater number of follicles than control 
mares. However, the number of pregnancies 
obtained per mare was not different between 
control mares and those receiving 25 mg of 
eFSH twice daily. Mares treated with 12 mg 
of eFSH and administered either hCG or 
deslorelin also developed more follicles than 
untreated controls. Mares receiving eFSH 
followed by hCG ovulated a greater number 
of follicles than control mares, whereas the 
number of ovulations from mares receiving 
eFSH followed by deslorelin was similar to 
that of control mares. Pregnancy rate for 
mares induced to ovulate with hCG was 
higher than that of control mares, whereas 
the pregnancy rate for eFSH-treated mares 

induced to ovulate with deslorelin did not 
differ from that of the controls. Overall, 
80% of mares administered eFSH had 
multiple ovulations compared with 10.3% 
of the control mares. In experiment 2, the 
number of large follicles was greater in 
the eFSH-treated cycle than the previous 
untreated cycle. In addition, the number 
of ovulations during the cycle in which 
mares were treated with eFSH was greater 
(3.6) than for the control cycle (1.0). The 
average number of embryos recovered per 
mare for the eFSH cycle (1.9 +/- 0.3) 
was greater than the embryo recovery 
rate for the control cycle (0.5 +/- 0.3). In 
summary, the highest ovulation and the 
highest pregnancy and embryo recovery 
rates were obtained after administration 
of 12 mg of eFSH twice daily followed 
by 2500 IU of hCG. Superovulation with 
eFSH increased pregnancy rate and embryo 
recovery rate and, thus, the efficiency of the 
embryo transfer program’.95(Niswender et 
al 2003). Another study with eFSH showed 
consistent embryo recovery and multiple 
ovulation. 

‘Administration of 12.5 mg of eFSH twice 
daily until follicles were ≥33 mm followed 
by hCG 30 hr later, provided the highest 
ovulation rate and embryo recovery. 
Averaged across both cycles, 85% of mares 
had ≥2 ovulations/cycle and the average 
embryo recovery per flush was 2.0 embryos. 
Embryo recovery per ovulation was similar 
to that obtained in untreated experimental 
mares (55 to 65% per ovulation). Thus, 
embryo recovery from eFSH-treated mares 
was 3 to 4 times higher than what one 
would expect from untreated, single-
ovulating mares’.28 Similarly no matter 
how treatments were administered eFSH 
has provided good ovulation rates.(Welch 
et al 2005). ‘Cycling mares (n=40) were 
randomly assigned to 1 of 4 groups 7 days 
after ovulation: (1) 12.5 mg eFSH twice 
daily until half the cohort of follicles were 
greater than 35 mm; (2) 12.5 mg eFSH 
twice daily until half the cohort of follicles 
were greater than 32 mm; (3) 12.5 mg 
eFSH twice daily for 3.5 days followed by 
12.5 mg eFSH enriched with LH twice daily 
until half the cohort of follicles was greater 
than 35 mm; (4) 25 mg eFSH once daily 
until half the cohort of follicles were greater 
than 32 mm. Mares in groups 1 and 3 were 
injected with hCG (2500 IU intravenously) 
at the end of eFSH treatment, while mares 
in groups 2 and 4 were administered hCG 
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approximately 42 and 54 hr following the 
last eFSH treatment, respectively. Each 
mare experienced a non-treated estrous 
cycle before being randomly re-assigned to 
a second treatment. Ovulation rate for the 
pre-treatment control was 1.1 ± 0.2 and 
for mares in treatment groups 1 to 4 3.3 ± 
1.3, 4.1 ± 1.9, 3.5 ± 2.0, and 2.8 ± 1.4, 
respectively. Overall, ovulation rate in eFSH 
treated mares was 3.4 ± 1.7 ovulations per 
cycle. One or more embryos were recovered 
from >80% of mares in each treatment 
group, and embryo recovery rate per flush 
was similar among treatment groups (1.9 
± 1.2, 2.6 ± 1.9, 1.9 ± 1.4 and 1.8 ± 1.5, 
respectively; P>0.05). The overall embryo 
recovery rate was 2.1 ± 1.5 embryos per 
flush. 

In summary, ovulation rate was higher for 
mares treated with eFSH compared to non-
treated controls. Ovulation rate in mares in 
which hCG was delayed (follicle coasting) 
was higher (P<0.05) when treatments 
were given twice a day versus once per 
day. There were no differences in embryo 
recovery rates among treatment groups. 
Administration of eLH in conjunction with 
eFSH did not have an advantage over mares 
treated with only eFSH’.96 eFSH has also 
been demonstrated efficacious for hastening 
the transition period in mares although 
studies on maintenance of the CL still need 
to be performed.

Inhibin vaccination: Inhibin is produced by 
the granulosa cells of the dominant follicle. 
It serves to suppress FSH production. It 
is inversely related to FSH at all stages of 
the cycle. Increasing FSH through inhibin 
immunisation has increased ovulation rates 
in cattle and sheep vaccinated against 
either the ovine or bovine alpha subunit of 
inhibin respectively. The GVEH were first 
to report on using inhibin immunisation to 
increase ovulation rates in mares.75 Mares 
were immunised on day 0 and 35. 

Ovulation rates pre immunisation and in 
the control groups were 1.2 per cycle. 
Between the two vaccinations ovulations 
were 1.86 and then rose to 2.29 in the 
cycle after immunisation. All mares either 
double or triple ovulated.This observation 
was confirmed by workers in California98 
who vaccinated normally cycling mares at 
three week intervals, five times. Similar 
results occurred and in addition embryos 
were recovered at the rate of 1.6 versus 

0.7 per cycle in immunised and control 
mares respectively. In a later study passive 
immunisation against inhibin did increase 
ovulation rate, however it was not as high as 
active immunisation and had other attendant 
side effects such as hypersensitivity and on 
one occasion death.Although immunisation 
against inhibin has been successful it was 
not able to produce large numbers of 
ovulations. It is not to our knowledge being 
actively researched.

Embryo or Gamete Manipulations

Embryo splitting: Embryo bisection to create 
identical twins is useful for research into 
diseases that have an inherited basis with 
an environmental predisposition such as 
OCD and other forms of developmental 
orthopaedic disease (DOD). Matched full 
siblings would remove much of the inherent 
genetic variation. Commonly one twin is used 
as a control and the other is assigned to a 
specific treatment. The reduction in numbers 
of experimental animals decreases costs 
and unnecessary animal experimentation. 
Another reason to bisect equine embryos is 
the production of almost perfectly matched 
twins as show or carriage animals. 

A further reason would be to improve the 
overall number of pregnancies from a given 
number of embryos. In cattle the technique 
results in ~ 50% more pregnancies than 
transfer of single non manipulated embryos 
with approximately 20% production of 
identical (monozygotic) twins.Early attempts 
to create identical twins were successful with 
embryos recovered from the oviduct but 
were quite time and labour intensive.101 
Two pairs of identical twins were obtained 
from 13 demi and 17 quarter embryos.
Workers at CSU were first to obtain identical 
twin pregnancies from non surgically 
recovered day 5.5 or 6 embryos.102 
Another study at CSU15 demonstrated that 
the zona pellucida was not necessary for 
the continuing development of bisected 
embryos in vivo and the complex, expensive 
and sophisticated micro-manipulation 
equipment were not necessary. 

These workers showed that pregnancy rates 
per original embryo were decreased (14/30) 
compared to the non manipulated embryos 
(12/15) and that 5 pairs of identical twins 
could be obtained from 30 embryos (1:6 
ratio). Only morulae and early blastocyst 
were split in this experiment. In England 2 
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sets of identical twins were obtained from 14 
embryos bisected.It was interesting to note 
that 0/16 demi embryos from blastocysts 
established a pregnancy compared to 
8/12 demi embryos from morulae. To our 
knowledge the success reported above have 
not been improved on and this has probably 
been responsible for the limited usefulness 
of the technique.

Oocyte retrieval: For a variety of reasons, 
gamete research in the horse has lagged 
behind species such as cattle. Equine 
researchers have thus benefited from the 
information explosion associated with other 
species, including human programmes. In 
cattle, the in vitro maturation of oocytes 
from immature follicles harvested from 
either slaughterhouse collected ovaries or 
by trans-vaginal ultrasonographic guided 
ovum pick up (OPU) has become a routine 
procedure. A recent report on OPU in 
cattle demonstrated that over a six month 
period it was possible for 16% of immature 
oocytes to develop to a transferable embryo 
stage and a pregnancy rate of 40% was 
obtained. This was associated with the 
production of about 50 calves in a six month 
period, which is a fourfold increase over the 
expected annual production with standard 
ET techniques.

Initial studies in the horse concentrated on 
in vivo matured oocyte collection and most 
were performed through the flank in the 
standing mare by aspiration through large 
bore needles of follicular fluid while the 
follicle was held in situ pre rectum.4,Oocyte 
recovery rates of 6/18 (33.3%),104 45/63 
(71.4%),4 11/36 (30.5%),106 and 9/16 
(56.3%)105 were reported respectively. 
Other techniques such as colpotomy were 
also described107 but were not associated 
with an improved recovery (9/13 in hCG 
stimulated mares compared to 15/21 in non 
stimulated follicles) and were abandoned.

Subsequently mature oocyte collection 
has been performed with a trans-vaginal 
ultrasound guided approach108-111 At CSU 
99 preovulatory follicles yielded a total of 
62 oocytes (63%). The best results were 
obtained from use of a 12 gauge double 
lumen continuous flushing device (36/43-
84%)110 During dioestrus recovery rates 
were low (71/323-22%) and were not 
affected by the type of needle.The procedure 
has also been successful in recovering 
oocytes from mares that have been 

superovulated and early pregnant mares.
Immature oocytes are much more difficult 
to obtain due to their close association 
to the granulosa cells.110 They are best 
obtained from slaughter house ovaries by 
dissection of the follicle and gentle scraping 
of the surface;however, there are numerous 
reports of their recovery with OPU.

Oocyte Transfer:

Old mares that fail to provide embryos for 
transfer are ideal candidates for techniques 
wherein fertilisation occurs elsewhere (i.e. 
in the oviduct of another mare). Oocyte 
transfer (OT) involves collection of an 
oocyte from a donor mare and transfer of 
the oocyte into a recipient mare’s oviduct. 
The oocyte is either matured in vivo and 
collected from a preovulatory follicle or 
collected during diestrus and matured in 
vitro. The recipient is inseminated so that 
fertilization and embryonic development 
occur within the oviduct and uterus. 
Transfer of in vivo matured oocytes into the 
oviduct of a recipient mare already bred 
was first reported in 1988.4 Fifteen oocytes 
were transferred and two days later three 
fertilised oocytes were identified from a 
total of ten recovered (30%). 

These were transferred and two established 
pregnancies, with one producing a live foal.4 
The technique has numerous advantages for 
those mares that fail to provide embryos 
by standard methods. Because it involves 
more physiological techniques than IVF it is 
commercially applicable4 and the equipment 
needed is much less sophisticated.104 The 
main drawback is the need to recover the 
recipients own oocyte that she may have 
ovulated. In cases where this is not possible, 
the identity of the foal will be in question 
until confirmed with blood or DNA typing. A 
variation was reported in England117 with 
in vitro maturation of immature oocytes 
before transferring them into oviducts of 
bred recipients. 

The ability of in-vivo matured oocytes to 
be fertilised in oviducts of young fertile 
mares was compared for young fertile 
mares and old infertile mares.9 They found 
that more (P<0.005) oocytes fertilised and 
developed from young mares (11/12-92%) 
compared to old mares (8/26-31%) and 
hypothesised that it was the oocyte of the 
older mare, not the oviduct that caused 
the problem of infertility.9 Another study 
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reported lower pregnancy rates (2/26-
7.7%).However it was been proposed that 
a commercial application for OT should be 
forthcoming based on 6 of 8 transferred 
oocytes establishing a pregnancy.

Generally in vivo matured oocytes are 
harvested within a few hours of ovulation, 
however two studies confirmed that 
collection at 24 hours after stimulation with 
hCG (i.e. 12 hours from the expected time 
of ovulation) were capable of providing 
normal pregnancy rates.This may be a 
better technique as it is less likely the 
follicle will have ovulated compared to 
waiting close to expected ovulation time 
(36 ± 4 hours with hCG and 41 ± 3 hours 
with Ovuplant).Many studies attest to the 
benefit of transferring in vivo versus in 
vitro matured oocytes.‘Objectives of the 
present study were to use oocyte transfer: 
1) to compare the developmental ability of 
oocytes collected from ovaries of live mares 
with those collected from slaughterhouse 
ovaries; and 2) to compare the viability 
of oocytes matured in vivo, in vitro, or 
within the oviduct. Oocytes were collected 
by transvaginal, ultrasound-guided follicular 
aspiration (TVA) from live mares or from 
slicing slaughterhouse ovaries. Four groups 
of oocytes were transferred into the oviducts 
of recipients that were inseminated: 1) 
oocytes matured in vivo and collected by 
TVA from preovulatory follicles of estrous 
mares 32 to 36 h after administration of 
hCG; 2) immature oocytes collected from 
diestrous mares between 5 and 10 d after 
aspiration/ ovulation by TVA and matured 
in vitro for 36 to 38 h; 3) immature oocytes 
collected from diestrous mares between 5 
and 10 d after aspiration/ovulation by TVA 
and transferred into a recipient’s oviduct <1 
h after collection; and 4) immature oocytes 
collected from slaughterhouse ovaries 
containing a corpus luteum and matured in 
vitro for 36 to 38 hours. 

Embryo development rates were higher 
(P < 0.001) for oocytes matured in vivo 
(82%) than for oocytes matured in vitro 
(9%) or within the oviduct (0%). However, 
neither the method of maturation nor the 
source of oocytes affected (P > 0.1) embryo 
development rates after the transfer of 
immature oocytes’.

A summary of the current applications to 
oocyte transfer appear below. ‘In some 
mares with lesions of the reproductive 

tract, embryo collection and survival rates 
are low or collection of embryos is not 
feasible. For these mares, oocyte transfer 
has been proposed as a method to induce 
pregnancies. In this report, a method for 
oocyte transfer in mares and results of 
oocyte transfer performed over 2 breeding 
seasons, using mares with long histories 
of subfertility and various reproductive 
lesions are described. Human chorionic 
gonadotropin or an implant containing a 
gonadotropin- releasing hormone analog 
was used to initiate follicular and oocyte 
maturation. Oocytes were collected by means 
of transvaginal ultrasound-guided follicular 
aspiration. Following follicular aspiration, 
cumulus oocyte complexes were evaluated 
for cumulus expansion and signs of atresia; 
immature oocytes were cultured in vitro to 
allow maturation. The recipient’s ovary and 
uterine tube (oviduct) were exposed through 
a flank laparotomy with the horse standing, 
and the oocyte was slowly deposited within 
the oviduct. Oocyte transfer was attempted 
in 38 mares between 9 and 30 years old 
during 2 successive breeding seasons. 

All mares had a history of reproductive 
failure while in breeding and embryo 
transfer programs. Twenty pregnancies were 
induced. Fourteen of the pregnant mares 
delivered live foals. Results suggest that 
oocyte transfer can be a successful method 
for inducing pregnancy in subfertile mares 
in a commercial setting’.‘Oocyte transfer 
is a potential method to produce offspring 
from valuable mares that cannot carry a 
pregnancy or produce embryos. From 2000 
through 2004, 86 mares, 19.2+/-0.4 yr of 
age (mean+/-S.E.M.), were used as oocyte 
donors in a clinical program at Colorado 
State University. Oocytes were collected 
from 77% (548/710) of preovulatory 
follicles and during 96% (548/570) of cycles. 
Oocytes were collected 21.0+/-0.1h after 
administration of hCG to estrous donors 
and cultured 16.4+/-0.2h prior to transfer 
into recipients’ oviducts. At 16 and 50 d 
after transfer, pregnancies were detected in 
201 of 504 (40%) and 159 of 504 (32%) of 
recipients, respectively, with an embryo-loss 
rate of 21% (42/201). Pregnancy rates were 
similar (P>0.05) for cyclic and noncyclic 
recipients and for recipients inseminated 
with cooled, fresh or frozen semen. One 
or more recipients were detected pregnant 
at 16 and 50 d, respectively, for 80% 
(69/86) and 71% (61/86) of donors. More 
donors <20 than >/=20 yr (mean ages+/-
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S.E.M. of 15.5+/-0.4 and 23.0+/-0.3 yr, 
respectively) tended (P=0.1) to have one 
or more pregnant recipients at 50 d (36/45, 
80%; 28/45, 62%, respectively). Results 
of the program confirm that pregnancies 
can consistently be obtained from older, 
subfertile mares using oocyte transfer’.123 
Another application for oocyte transfer is 
the production of foals following in vitro 
maturation of immature oocytes from mares 
that have died.

In vitro oocyte maturation: Immature oocytes 
for maturation studies have traditionally 
been recovered from slaughter houses or 
ovariectomy, until the advent of equine OPU.
It is possible the future of equine IVF in the 
horse will be related to in vitro maturation 
(IVM) studies because in vivo matured 
oocytes are expensive (one per cycle) and 
time consuming to obtain. Fertilisation but 
not pregnancies have been obtained from 
IVM oocytes,subjected to IVF. The problem 
may be associated with the culture of the 
oocytes or capacitation of the spermatozoa 
(necessary for penetration and fertilisation).
Intra-cytoplasmic sperm injection (ICSI) 
replaces the current techniques involving 
difficult capacitation procedures and will 
ultimately result in embryos developed from 
infertile stallions and infertile mares.In time 
it is expected that in vitro matured oocytes 
will be routinely fertilized and transferred, 
resulting in multiple pregnancies per oocyte 
collection attempt. In vitro fertilisation: 
The first foal born from IVF was born in 
France on June 14, 1990.A few years 
later the same laboratory repeated the 
feat. Unfortunately another foal has 
not been forthcoming in any laboratory 
anywhere in the world. This highlights 
the difficulty of obtaining IVF foals in the 
horse.The procedure is well documented 
in humans and cattle. The horse has a 
zona pellucida that seems very resistant to 
sperm penetration or spermatozoa that are 
very difficult to capacitate. Most successful 
fertilisation under IVF conditions in the 
horse has revolved around the use of a 
toxic agent, calcium ionophore A23187.This 
ionophore dramatically reduces the life of 
spermatozoa. Another difficulty that holds 
back progress in this area is the lack of a 
suitable number of in vivo matured oocytes. 
The two major barriers to successful in 
vitro fertilization are oocyte maturation and 
sperm capacitation. Intracytoplasmic sperm 
injection (ICSI): Successful ICSI has been 
reported in the horse.In this experiment 4 

injected eggs from slaughter house oocytes 
were transferred into the oviduct of recipient 
mares and one pregnancy established and 
resulted in the first ICSI foal. More recently 
we have obtained foals from ICSI with 
a different approach.We obtained in vivo 
matured oocytes and injected them with a 
single frozen sperm. Two foals have been 
born from this procedure in 1998. The 
most important demonstration of the later 
technique was that the procedure has been 
shown to be repeatable and the eggs were 
collected from live cycling mares. Following 
the report of foals from ICSI from CSU and 
GVEH other foals have been born.This is 
quite exciting as it bypasses capacitation 
procedures to help the sperm penetrate the 
zona pellucida. We expect the immediate 
future of IVF to involve ICSI of either in 
vitro or in vivo matured oocytes.

Recently some interesting things have 
happened with ICSI. Firstly, is the report 
below that activation of the oocyte may 
improve fertilisation rates ‘The effects 
of four reagents on the activation and 
subsequent fertilization of equine oocytes, 
and the development of these after 
intracytoplasmic sperm injection, were 
investigated. Cumulus-oocyte complexes 
collected from equine ovaries obtained from 
an abattoir were matured in vitro for 40-44 
h in TCM199 medium before being injected, 
when in metaphase II, with an immobilized 
stallion spermatozoon. The cumulus-oocyte 
complexes were then subjected to one 
of five activation treatments: (a) 10 μ 
mol ionomycin l(-1) for 10 min; Co) 7% 
(v/v) ethanol for 10 min; (c) 100 μ mol 
thimerosal l(-1) for 10 min; (d) 250 μ mol 
inositol 1,4,5-triphosphate l(-1) injection; 
and (e) no treatment (control). After 18-20 
h further culture, the cumulus-oocyte 
complexes were assessed for activation 
by observing whether they had progressed 
through second anaphase-telophase and 
had formed a female pronucleus. The 
proportions of oocytes activated after each 
treatment were: 16/27 (59%) for ionomycin; 
14/25 (56%) for ethanol; 22/28 (79%) 
for thimerosal; 15/27 (56%) for inositol 
1,4,5-triphosphate; and 0/20 (0%) for the 
untreated controls. Thus, significantly more 
oocytes (P < 0.05) were activated by 
treatment with thimerosal than by the other 
four treatments. The proportions of oocytes 
that cleaved to the two-cell stage at 24-30 
h after sperm injection in the groups treated 
with ionomycin, ethanol and thimerosal 
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were 7/20 (35%), 5/19 (26%) and 11/23 
(48%), respectively. 

No cleavage was observed in any of the 
control oocytes or those treated with inositol 
1,4,5-triphosphate, Furthermore, evidence 
of normal fertilization was observed in 2/7 
(29%), 2/5 (40%) and 7/11 (64%) of the 
oocytes treated with ionomycin, ethanol 
and thimerosal, respectively. These results 
demonstrated that: (a) it is possible to 
activate equine oocytes with the chemical 
stimulants, ionomycin, ethanol, thimerosal 
and inositol 1,4,5-triphosphate; Cb) 
thimerosal is more effective than the other 
three reagents in facilitating both meiotic 
activation and normal fertilization of equine 
oocytes; and (c) chemical activation may 
also stimulate parthenogenetic cleavage of 
oocytes without concurrent changes in the 
head of the spermatozoon’.135 Secondly, a 
report again from Newmarket that ICSI of IVM 
oocytes and then cultured to the blastocyst 
stage can result in pregnancies.136 ‘The 
influence of co-culture with either oviduct 
epithelial cells or fetal fibroblast cells on in 
vitro maturation of equine oocytes and their 
potential for development to blastocysts 
and fetuses after intracytoplasmic sperm 
injection (ICSI) was investigated. The 
oocytes were obtained from ovaries from 
abattoirs and were matured in vitro for 
2~30 h in TCM199 only, or in TCM199 
co-culture with oviduct epithelial cells or fetal 
fibroblast cells. Metaphase II oocytes were 
subjected to ICSI with an ionomycintreated 
spermatozoon. The injected oocytes were 
cultured for 7-9 days in Dulbecco’s modified 
Eagle’s medium. Morphologically normal 
early blastocysts were transferred to the 
uteri of recipient mares. Nuclear maturation 
rates and the rates of cleavage to the 
two cell stage for injected oocytes were 
similar in the groups of oocytes that were 
matured in TCM 199 (49 and 63 %), 
in co-culture with oviduct epithelial cells 
(53 and 65%) or in co-culture with fetal 
fibroblasts (51 and 57%). There were no 
significant differences in the proportions 
of blastocysts that developed from the two 
cell embryos derived from oocytes matured 
by co-culture with either oviduct epithelial 
cells (30%) or fetal fibroblasts (17%). 
However, significantly higher proportions 
of blastocysts were produced from both 
these co-culture groups than from the 
groups of oocytes matured in TCM199 only 
(P< 0.05). Six of the blastocysts that had 
developed from oocytes co-cultured with 

oviduct epithelial cells were transferred 
into recipient mares and four pregnancies 
resulted. These results demonstrate a 
beneficial influence of co-culture with either 
oviduct epithelial cells or fetal fibroblasts for 
maturation of oocytes in vitro’.

Xenogenous fertilization: Apparently 
attempted fertilisation in the oviduct of 
another species of animal has only been 
reported twice.Transfer of in vivo matured 
oocytes and equine semen into rabbits was 
not reported to be successful, however the 
techniques were crude and the numbers 
performed quite small.Transfer of in 
vitro matured oocytes with spermatozoa 
has resulted in fertilization.‘The in vitro 
production (IVP) of equine embryos using 
currently available protocols has met 
limited success; therefore investigations 
into alternative approaches to IVP are 
justified. The objective of this study was 
to evaluate the feasibility of xenogenous 
fertilization and early embryo development 
of in vitro matured (IVM) equine oocytes. 
Follicular aspirations followed by slicing 
of ovarian tissue were performed on 202 
equine ovaries obtained from an abattoir. A 
total of 667 oocytes (3.3 per ovary) were 
recovered from 1023 follicles (recovery rate, 
65%). Oocytes underwent IVM for 41 +/- 2 
h (mean +/- S.D.), before being subjected 
to xenogenous gamete intrafallopian 
transfer (XGIFT). An average of 13 +/- 0.8 
oocytes and 40 x 10(3) spermatozoa per 
oocyte were transferred into 20 oviducts 
of ewes. Fourteen percent of transferred 
oocytes (36/259) were recovered between 
2 and 7 days post-XGIFT and 36% of those 
recovered displayed embryonic development 
ranging from the 2-cell to the blastocyst 
stage. Fertilization following XGIFT was 
also demonstrated by the detection of 
zinc finger protein Y (ZFY) loci. Ligation 
of the uterotubal junction (UTJ), ovarian 
structures, or the duration of oviductal 
incubation did not significantly affect the 
frequency of embryonic development or 
recovery of oocytes/embryos after XGIFT. 
In conclusion, equine embryos can be 
produced in a smaller non-equine species 
that is easier for handling’.

Intra follicular transfer of immature equine 
oocytes: Instead of transferring the oocytes 
to the oviduct as in oocyte transfer another 
technique reported is to transfer immature 
oocytes to the follicle of another horse. 
If this horse is bred then the possibility 
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exists to collect multiple embryos from the 
recipient mare and then transfer them into 
subsequent recipients. The genetics of the 
foals can be sorted out at a later date. The 
first embryos produced by this technique 
were reported from Tufts University.They 
transferred 146 oocytes into 12 mares and 
recovered 18 embryos from 6 mares and no 
embryos from 6 mares. Embryos in excess 
of the number of ovulations were obtained 
in four mares (excess embryos of 1, 2, 3 
and 6). It was interesting to note that most 
(127) oocytes were immature and that the 
only recipient to receive expanded oocytes 
(n=6) was the one that provided the 6 
excess embryos. The relatively low success 
as a method to mature immature oocytes 
suggests that oocytes may need more time 
in the follicle prior to ovulation (most mares 
ovulated around 40 hours after transfer) or 
that they had been collected from atretic 
follicles.

Low dose insemination: The work in 
Newmarket on pregnancies from extremely 
low numbers of spermatozoa is quite exciting. 
Pregnancies have been obtained routinely 
with as little as 1 million sperm. ‘Mares 
were inseminated with motile spermatozoa 
suspended in 30-150 mu l Tyrode’s medium 
directly onto the uterotubal papilla at the 
anterior tip of the uterine horn, ipsilateral to 
the ovary containing a dominant preovulatory 
follicle of greater than or equal to 35 mm 
in diameter, by means of a fine gamete 
intrafallopian transfer (GIFT) catheter 
passed through the working channel of a 
strobed light videoendoscope. Insemination 
of 10, 8, 25, 14, 11 and 10 mares with, 
respectively, 10.0, 5.0, 1.0, 0.5, 0.1 or 
0.001 x 10(6) motile spermatozoa resulted 
in conception rates of, respectively, 60, 75, 
64, 29, 22 and 10%. Deposition of 1.0 x 
106 motile spermatozoa onto the uterotubal 
papilla began to approach the limit of 
successful fertilization. These doses are far 
lower than the 3-15 x 10(9) spermatozoa 
normally ejaculated by fertile stallions 
during mating, and the accepted minimum 
dose of 500 x 10(6) spermatozoa used 
for conventional uterine body insemination 
in mares. The simplicity of the technique 
offers a practical means of exploiting new 
breeding technologies that require very 
small numbers of spermatozoa in horse 
breeding’. Readers should be aware that 
pregnancy rates per cycle are unlikely to be 
increased with this technique; however the 
potential to breed a large number of mares 

with a limited number of spermatozoa is 
enhanced.

Techniques to Influence the Sex of 
Offspring

Embryos: Sexing embryos by staining 
has been possible (see below) but it is 
time consuming and reduces viability of 
embryos.‘This experiment was designed (1) 
to determine if H-Y antigen is expressed 
on the cell surface of pre-implantation 
equine blastocyst stage embryos, (2) if 
so, to identify differences in expression on 
inner cell mass (ICM) verses trophectoderm 
cells and (3) to evaluate whether the 
detection of this glycoprotein would aid in 
the identification of equine embryonic sex. 
A total of 33 blastocyst stage horse embryos 
were collected 6-7 days post- ovulation by 
trans-cervical flush and were immediately 
evaluated for the presence of H-Y antigen. 
Additionally, 17 embryos, collected at similar 
stages and cultured for 72 h, were similarly 
evaluated. Embryos were recovered and 
evaluated by use of a dissecting microscope 
and then washed for 5 min in phosphate 
buffered saline supplemented with 1 g/l 
glucose, 36 mg/l pyruvate, 1% antibiotic-
antimycotic and 10% fetal calf serum 
(FCS) (PBS-2). Embryos were placed in 
the primary antibody medium and cultured 
for 60 min. The primary antibody medium 
consisted of monoclonal antibodies to 
H-Y antigen (previously determined to 
have male- specific activity) dilute 1/5 
(v/v) with PBS-2 (without FCS, PBS- 1). 
Following an additional wash, embryos were 
cultured in PBS-1 containing 1/10 (v/v) 
fluorescein isothiocyanate conjugated goat 
anti-mouse or rabbit anti-mouse IgM Fc 
specific antiserum. Embryos were evaluated 
at 200-400 times to identify cell specific 
fluorescence of either trophectoderm or ICM 
cells. Following evaluation, embryonic sex 
was independently verified with karyotypes 
to identify sex chromosomes. Of the 50 
embryos evaluated, 29 were evaluated 
as non-fluorescent and 21 fluoresent. 
Expression of H-Y antigen was detected 
on both trophectoderm and ICM cell types 
in those embryos classified as fluorescent. 
Ninety-one percent (11/12) of fluorescent 
and 75% (12/16) of non-fluorescent embryos 
from readable karyotypes corresponded 
to the predicted sex as determined by 
detection of H- Y antigen (overall, 23/28, 
82%). These results indicate detection of 
H-Y antigen to be an accurate method of 
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predicting the sex of equine embryos’.

Sexing embryos by biopsy offers a better 
alternative.143 ‘Embryo biopsy has been 
used to detect inherited disorders and 
to improve the phenotype by analyzing 
of linkages between marker loci and the 
desired characteristics. Unfortunately, early 
procedures required the removal of a large 
portion (one-half) of the embryo for analysis, 
and the transfer of bisected equine embryos 
has not been particularly successful. Recent 
discovery of the polymerase chain reaction 
(PCR) has made possible the detection of 
specific DNA sequences from only a few 
cells. We investigated whether the removal 
of a small biopsy would allow for successful 
PCR and normal embryonic development. 
In the study reported here, 14 microblade-
biopsied Day 6 to 7 equine embryos were 
transferred nonsurgically into recipient 
mares. 

The sex of each embryo was determined 
from the biopsy by means of restriction 
fragment length polymorphism analysis of 
the ZFY/ZFX loci after PCR amplification. 
The embryos were sexed as 8 females 
and 6 males on the basis of PCR assay 
results. Two embryos were biopsied using 
a needle aspiration technique, but no PCR 
amplification products resulted from these 
attempts. Eight intact control embryos were 
transferred to recipient mares using the same 
method. Pregnancy rates were 3/14 and 6/8 
for the microblade biopsy and control groups, 
respectively. All of the microblade biopsy 
group pregnancies were females. One was 
aborted for cytogenetic analysis. Two were 
born after normal gestation. With improved 
pregnancy rates, this technique could be 
used for preimplantation diagnostics of 
equine embryos. As gene mapping advances 
and associations between particular DNA 
sequences and inherited traits become 
established, a rapid PCR technique could be 
used to select embryos before transfer’.

Sperm: Recently, Flow Cytometry has been 
used for evaluating sperm viability as well as 
to sex equine sperm. Foals have now been 
born from sex selected sperm.The current 
problem with accurate sex selection is the 
low number of sperm that can be sorted in a 
reasonable time frame. The first pregnancy 
resulted from surgical insemination of 
150,000 X bearing sex selected sperm. 
Clearly this ushers in an exciting new era in 
reproductive techniques. It probably will not 

be long before we can routinely obtain foals 
from sex selected frozen-thawed sperm by 
ICSI.
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BREEDING THE 
PROBLEM MARE

Introduction

Management of the “problem mare” is one 
of the most challenging and potentially 
frustrating aspects of equine reproduction. 
There are no magical treatments despite 
anecdotal evidence of clients who each “once 
had a problem mare that remained barren 
until they either: pasture mated her, infused 
her uterus with kerosene, supplemented her 
with vitamin E, took 10 L of blood from her, 
transported her after breeding, bred her to 
a pony teaser stallion, or fed her extracts 
from the local homoeopath”. The simple 
truth our clients need to understand, is, that 
it is hard work and persistent adherence to 
strict scientific principles and management 
techniques that result in conception and 
maintenance of pregnancy with problem 
mares.

This chapter will strive to amalgamate 
these principles into a practical approach. 
People’s attitudes and time constraints are 
major difficulties of successfully breeding 
the problem mare. Frequently, mares are 
on different breeding farms and despite 
initial enthusiasm from all concerned, with 
each unsuccessful cycle a negative attitude 
engendered from the farm manager, 
veterinarian and attendants becomes 
apparent. As the treatments change and 
the mare keeps returning to oestrus, hidden 
pressures on the veterinarian to get to 
the next farm on time begin to influence 
judgement. Many veterinarians would gladly 
refer these cases to specialist facilities at 
the end of the season, but few think it 
necessary at the beginning.

This chapter outlines the philosophy and 
treatment of the “problem mare program” 
at the Goulburn Valley Equine Hospital 
(GVEH). However the approach, medical 
and surgical therapies and management 
techniques should apply to any breeding 
establishment. This program has an annual 
enrolment of between 20 and 40 problem 
mares, boarded full time on pasture at 
the hospital. The number of mares varies 
according to time of year, economic trends 

and removal of pregnant mares and/or 
mares with a hopeless prognosis. Facilities 
are designed to minimise handling time 
and maximise individual mare attention. An 
added benefit is that, because most mares 
are bred at the hospital or transported to 
and immediately back from local farms for 
breeding, they can be intensively managed 
and the psychological oppression of mares 
returning to heat is generally only a local 
(hospital) phenomenon. The cost to the 
client is often much greater because mares 
are able to be managed more intensively 
than on breeding farms. However, in our 
experience, few people complain about 
billing once their mare is pregnant. Although 
a headache, constant owner communication 
and education reduces the number of 
dissatisfied clients when mares fail to 
become pregnant.

This chapter represents one approach to 
breeding problem mares and is the combined 
opinions and experiences of our personnel 
only. There are many other philosophies 
and personal preferences that may not be 
addressed. Perhaps we should keep in mind 
that for any condition with so many different 
avenues of treatment (much of it anecdotal, 
undocumented or not scientifically validated) 
that without an experimental model it 
is not only difficult, but inappropriate, 
to be dogmatic in recommendations for 
management.

What is a problem 
broodmare ?

“When” a mare begins to be regarded as 
a problem breeder is at the discretion of 
the owner, veterinarian or farm manager. 
Classically, a mare should be regarded as a 
potential problem if she fails to conceive to 
a fertile stallion on a well managed breeding 
farm on three or more cycles in one season. 
We have seen instances of reproductively 
normal mares failing to conceive to a 
subfertile stallion for as long as three 
breeding seasons. Unfortunately, fertility of 
a stallion may not be common knowledge 
away from the breeding farm, particularly 

Angus O. McKinnon
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to the mare owner. In addition, improper 
handling and/or insemination techniques in 
an artificial insemination (AI) program are 
excellent methods for dramatically reducing 
pregnancy rates. Attention to pregnancy 
rate per cycle from maiden, dry and wet 
mares may help determine if stallion 
fertility or management procedures should 
be questioned. In evaluating a problem 
mare, all aspects of management should 
be examined. This might include nutrition, 
teasing techniques, parasite control, medical 
history, evaluation for chronic generalised 
disease and other management practices.

There are many reasons mares may become 
problems. For example, mares failing to 
exhibit oestrus in the breeding season 
may have a granulosa theca cell tumour, 
gonadal dysgenesis, pituitary adenoma, or 
they may be pseudopregnant, unknowingly 
pregnant, or in anoestrus. In addition we 
now have to contend with acyclic mares 
that may have been administered ‘off label’ 
compounds that inhibit GnRH production 
and/or binding such as the anti GnRH 
vaccine “EquityTM”(Robinson and McKinnon, 
2006).

However, by far the most common type of 
problem mare presented are mares with 
persistent, unidentified or inappropriately 
treated uterine infections. All mares presented 
to the GVEH have been barren two or more 
breeding seasons and most have received 
some treatment in the breeding seasons 
prior to referral. The following discussion 
relates only to mares with acute and/or 
chronic uterine inflammatory changes and 
that are subfertile associated with uterine, 
cervical and or oviductal pathology most 
commonly represented by post breeding 
endometritis. Problems such as lack of 
ovarian activity or management of mares 
presenting with abnormal oestrous cycles is 
not part of tis discussion.

How the problem occurs

Recognition of factors responsible for 
mares susceptibility to uterine infection 
and persistent uterine inflammation or 
its sequelae should dramatically reduce 
the number of problem mares. However, 
until recently the number of mares foaling 
each year has not appreciably improved in 
those breeds whose registries have kept 
accurate records for many years(Fennell 
et al., 2008;Morris and Allen, 2002). 

This can be related partly to economic 
constraints and lack of genetic selection for 
fertility, however extremely high (> 90%) 
pregnancy rates with only slightly lowered 
foaling rates consistently occur on some 
well managed breeding farms. This fertility 
can be attributed partially to pre breeding 
selection of the most fertile mares and 
correcting faulty management procedures 
and non-infectious causes of infertility. 
However, careful management to ensure 
prompt treatment or prevention of uterine 
inflammation is most important. Mares do 
not become problem breeders overnight.

Susceptibility to infection is a graded 
condition and occurs primarily due to 
effects of increasing age, reproductive tract 
damage and bacterial challenge. Bacterial 
challenge is influenced by external and 
internal conformation, breeding techniques, 
examination procedures, anatomical 
abnormalities, and post-partum events. The 
physical barriers to infection are the external 
vulval lips, the vestibular sphincter and the 
cervix. The ability to isolate bacteria in 
normal mares decreases progressively from 
the clitoral fossa (94%) to the vestibule 
(69%), cranial vagina (42%), and uterus 
(31%) (Hinrichs et al., 1989). In this study, 
no potential pathogens were isolated from 
vaginal or uterine cultures (Hinrichs et al., 
1989). Contamination of the uterus with 
bacteria is inevitable. Potentially pathogenic 
organisms are introduced at breeding, during 
and after parturition, during examination 
and as a result of failure of physical barriers 
to infection (ie. pneumovagina). When 
uterine defence mechanisms are functioning 
properly, massive challenges, either natural 
or experimental, fail to produce inflammation 
that lasts long enough to interfere with 
reproduction (Asbury et al., 1884;Asbury et 
al., 1982;Evans et al., 1986). 

For embryo survival, mares must clear 
bacteria and inflammatory products from 
the uterus, as a result of breeding, before 
the time the embryo descends into the 
lumen about 5 to 6 days after ovulation 
(Oguri and Tsutsumi, 1972). Uterine defence 
mechanisms are mechanical and cellular. 
Mechanical contributions to uterine defence 
are myometrial contractions which assist in 
evacuation of uterine contents and a relaxed 
cervix during oestrus. Physical clearance is 
more efficient during oestrus (Evans et al., 
1987). Cellular responses are primarily 
phagocytosis. Efficient phagocytosis 
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depends on a) mobilisation of an adequate 
number of neutrophils from the general 
circulation, with prompt migration of these 
cells through the endometrium and into 
the uterine lumen, b) adequate chemotaxis 
of neutrophils to contaminating bacteria, 
c) adherence of bacteria to the cellular 
membrane of the phagocyte (opsonisation) 
and d) ingestion and successful intracellular 
killing of bacteria by neutrophils.

While all causes for failure of uterine defence 
mechanisms have not been identified, 
some significant influences are well known. 
Repeated and overwhelming infections 
or contaminations, with predisposing 
factors such as perineal abnormalities and 
pneumovagina, are undoubtedly related 
to reduction in efficiency of the mare’s 
defence mechanisms. Reduced efficiency of 
neutrophils to phagocytise bacteria and a 
defect in opsonisation by complement and 
antibody have been identified in susceptible 
mares, (Asbury et al., 1980;Asbury, 
1984b;Liu et al., 1985;Watson et al., 
1987b;Watson et al., 1987a;Widders et al., 
1984;Widders et al., 1985) and this is not 
related to reduced or inadequate numbers of 
white blood cells (Liu et al., 1985;Liu et al., 
1986). Failure of the uterus to mechanically 
evacuate contaminants and inflammatory 
products also appears to be very important. 
Myometrial activity may be reduced in older 
multiparous mares (Evans et al., 1987) and 
physical clearance of non-antigenic markers 
from the uterus of susceptible mares was 
delayed when compared to resistant mares 
(Troedsson and Liu, 1991). If the cervix does 
not relax adequately or is compromised with 
adhesions or anatomical functional defects, 
evacuation may be impaired.

Examination procedures

Clients are encouraged to have a full 
reproductive examination performed on 
their mares early in order to help decide 
on the probability of successful resolution 
of the problem. Clients are sent a copy of 
the evaluation as soon as possible and are 
then encouraged to discuss the prognosis. 
It is preferable to perform the exam while 
the mare is in oestrus and definitely before 
the mare may enter anoestrus. The order of 
examination is always the same, and notes 
are written by an assistant at the time of 
examination to prevent accidental omission 
of data. Each year one or two mares 
presented will be pregnant, so invasive 

procedures such as culture and biopsy always 
follow rectal palpation and ultrasonographic 
examination. For daily exams at GVEH, 
mares are herded into a long chute system 
and are teased or can wait for admission 
into the palpation shed. The system is 
designed to eliminate the need to catch any 
horse and is expedient and requires few 
personnel.

History

The prognosis for mares barren 3 or more 
years is always guarded provided they 
come from well managed breeding farms. 
Regardless of the number of years barren, 
we have more success in mares less than 
18 years old. Breed is important with 
relation to ability to use AI, embryo transfer 
or oocyte transfer. Access to old breeding 
records is desirable and may suggest where 
and why the problems began and why 
previous treatments were not successful. 
Occasionally history may indicate just when 
the problem began, i.e. after a dystocia or 
metritis following retained foetal membranes 
(RFM).

Physical Condition

On arrival at GVEH body condition and 
admission weight are recorded. Use of a 
scale or tape is preferable. Body condition, 
disease and chronic pain are related 
to timing of recrudescence to cyclicity. 
Hirsutism may be related to seasonal 
changes or a pituitary adenoma. Mares 
kept for an extended stay must always 
be sent home in better condition than 
when they arrived, although not overfat. To 
facilitate this mares are weighed every two 
weeks. Previous farm management may be 
relevant to establishment of social groups. 
The stress that amalgamation of horses 
can cause is often underestimated. This is 
especially important for maidens who often 
are confirmed to be cycling on arrival after 
leaving their home farm or racing barn but 
fail to continue to cycle once established 
at the broodmare farm. We estimate this 
happens to ~ 15 % of maidens. Mares 
are grouped by status and preferably kept 
in small groups. Chronic pain is often 
accompanied by weight loss in older mares 
with laminitis and also affects the ability of 
the mare to compete for food and to exercise 
thus promoting uterine fluid retention. Fat 
mares with insulin resistance may not cycle 
well (Vick et al., 2006). Old mares with 

SAEVA Proceedings.indd   194 2/11/09   11:45:06 AM



195

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

pituitary adenomas (Cushing’s Disease-
pituitary pars intermedia dysfunction) may 
also have cyclicity problems.

External Conformation

Height of pelvis relative to anal slope 
of vaginal lips, abnormalities of perineal 
body, clitoris or labia, presence or need 
to modify a Caslick, and propensity to 
aspirate air or pool urine are all noted with 
suggestions for methods of improvement 
and necessity (Pascoe, 1979). Just how 
important routine management is has 
recently been highlighted (Hemberg et al., 
2005). Of interest is the improvement in 
pregnancy rates associated with performing 
a caslick as soon as practically possible 
after foaling. ‘Changes in the conformation 
of the vulva predispose the mare to uterine 
infection. Vulvoplasty for closure of the 
upper vulvar lips improves fertility. Not 
all mares are resutured after parturition, 
but are resutured after mating. No clinical 
data have hitherto been published on the 
reproductive outcome in mares that are 
resutured or not after parturition. The 
objectives of the present study were to 
investigate relationships between vulvar 
status (not Caslick-operated, group A; 
previously Caslick-operated and/or not 
resutured after the last parturition, groups 
B and C respectively) and endometrial 
cytology, conception rate and live foal rate 
for different age groups and categories of 
Thoroughbred mares. 

A careful examination of the vulvar area, 
and endometrial sampling for bacteriology 
and cytology was performed. The mares 
were naturally mated once during oestrus 
(never foal heat) by one of two stallions. 
Mares belonging to vulvar status group A 
had the highest conception rate and live 
foal rate, whereas the lowest conception 
rate and live foal rate occurred in mares 
with vulvar status group C. A multifactorial 
analysis revealed that the vulvar status at 
arrival had a significant effect on pregnancy 
rate and live foal rate, but not on fetal 
loss. Stallion, year and age group had 
no significant effect on any of the three 
variables analysed. In conclusion, optimizing 
managerial factors such as resuturing 
Caslick-operated mares immediately after 
parturition to minimize growth of micro-
organisms with a subsequent endometritis 
will contribute to their conception and that 
they carry a pregnancy to term’ (Hemberg 

et al., 2005).

As the barriers to infection allow less 
and less bacteria to colonize the more 
craniad the area of the reproductive tract, 
it is clear that damage to the vulval lips, 
vestibular sphincter and cervix assume an 
increasing role of importance. Damage to 
these structures must be repaired when 
possible. The examination of the ability 
of the labia to prevent aspiration of air is 
always best performed in oestrous as during 
oestrous the tissues of the reproductive 
tract are relaxed.

Rectal Examination

Uterine and cervical tone and size and ovarian 
activity are assessed. Also abnormalities 
such as sacculation, neoplasia and pyometra 
are recorded. The main purpose of rectal 
examination is assessment of structure, 
tone and form (Dawson, 1977). It is not 
possible to routinely determine the presence 
of small uterine fluid accumulations with 
rectal palpation. Ovarian examination gives 
important information on cyclicity and 
ovarian abnormalities.

Ultrasonographic Examination

Quantity and quality of uterine fluid are 
related to degree of inflammation (McKinnon 
et al., 1987a). The position of uterine fluid 
may be a clue as to the type of pathology. 
Fluid immediately cranial to the cervix is 
often associated with successful uterine 
contractions but failure at the cervix to 
allow clearance. Fluid in the uterine horns or 
at the bifurcation is typical over older mares 
with poor uterine tone and contractility. 
Uterine cysts are related to age and chronic 
endometritis (Adams et al., 1987;McKinnon 
et al., 1987a). Abnormalities detected 
and undetected by rectal examination are 
visualised. Some of these abnormalities 
include; fat tumours such as leiomyomas, 
uterine adhesions (McKinnon, 1998b), 
foreign bodies such as mummified or 
macerated foetal bones (McKinnon, 1998c) 
and the presence of persistent endometrial 
cups (Steiner et al., 2006). In addition the 
uterine oedema pattern can be visualised. 
Uterine oedema is graded from 1-3 in 
normal mares (McKinnon et al., 1987b) and 
changing patterns follow the production 
of oestrogen so folds peak approximately 
24 hours prior to ovulation (McKinnon et 
al., 1987b). Obvious uterine oedema after 
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ovulation or when the mare is not in heat is 
a sign of uterine inflammation (McKinnon, 
1998a) is recorded as grade 4 and is an 
inappropriate reaction for the uterus.

Vaginal Examination

The vagina is examined with both a 
speculum and digitally. Both have strengths 
and weaknesses. For example speculum 
examination is best for identification of 
varicosities, pus, urine or blood in the 
vestibule and vagina but is in appropriate 
detection of subtle changes of cervix tone 
or small cervix defects. Colour of the vagina 
and degree of frothy exudate in cases of 
pneumovagina are always best identified 
by a speculum exam. Non disposable 
speculum’s were incriminated in the spread 
of CEM in the early outbreaks in the UK, 
Ireland and Australia. Manual examination 
is recommended for assessing the efficacy 
vestibular sphincter and cervix as barriers 
to infection. Cervical defects and adhesions 
are not uncommon. Many defects can be 
repaired surgically and some mares still can 
become pregnant despite absence of much 
of the cervix. Cervix adhesions can act as a 
reservoir for infection and can also interfere 
with uterine drainage. Cervix adhesions are 
felt by the crackling that occurs as they are 
gently broken whilst penetrating the cervix. 
Sometimes it is necessary to have a finger 
inside the cervical canal and the thumb on 
the outside and to roll the tissue back and 
forward between the fingers to feel the 
adhesions.

The degree of cervical relaxation can vary 
according to age of the mare, breeding and 
foaling history and activity. For instance, 
aged show jumping mares or Warmbloods 
that have not been bred before will mostly 
have a fibrotic cervix that is difficult to 
examine and almost impossible to fully 
dilate without Prostagandin E gel. Similarly 
some older mares have a cervix that 
fails to dilate sufficiently. If the cervix is 
relaxed, introduction of the whole hand into 
the uterus for manipulation is indicated. 
Small granulomatous lumps (2 to 4 mm) 
are occasionally identified at the corpus 
cornual junction in mares with persistent 
endometrial cups (Steiner et al., 2006) 
and cysts and luminal adhesions can be 
removed or destroyed. Luminal adhesions 
imply a poor prognosis. Recognition of 
problems such as vesicovaginal reflux may 
on occasion only be made during oestrus 

when the reproductive tract is relaxed 
(McKinnon et al., 1991;McKinnon and 
Belden, 1988b). However, many cervical 
defects are best recognised when the tone 
is increased as during dioestrus (McKinnon 
et al., 1991;McKinnon and Belden, 1988b).

Uterine culture

Guarded culture techniques ( e.g Accu-
Culshure-TM specimen collection and 
transport system, Pleasantville, New York 
10570-292) from mares in oestrus are 
recommended (Waelchli et al., 1993). 
Samples are cultured aerobically for 48 
hours. Microaerophilic, anaerobic and 
fungal culture techniques are used when 
indicated (Hinrichs et al., 1989;Waelchli 
et al., 1993;Wingfield Digby and Ricketts, 
1982). Similarly, culture of uterine biopsy 
specimens may be necessary on occasion to 
detect causative agents of deeper, chronic 
endometritis. Another technique that can be 
utilized is small volume flushing (100-200 
ml of LRS) and culture of the post centrifuge 
pellet.

Currently our laboratory uses Chrome 
Agar to identify bacteria associated with 
the reproductive tract of mares with 
the exception of the causative agent of 
Contagious Endometritis (CEM), Taylorella 
equigenitalis.

What do the results of uterine culture really 
mean?

A negative culture does not mean that 
there are no bacteria present in the uterus, 
just that they were not identified (Nielsen, 
2005). In the study reported below only 
45% of uterine cultures were positive from 
positive cultures concurrently obtained 
from endometrial biopsy (38 of 84). ‘The 
objective of this study was to compare 
results from endometrial culture swabs 
with results from culturing of endometrial 
biopsies. The culture results were related 
to cytological findings (polymorphonuclear; 
PMN-cells) and histological observations 
(PMN-cells). Biopsy and swab samples were 
smeared on the surface of a blood agar petri 
dish, and examined for growth of bacteria. 
Cytology samples were obtained from 
endometrial biopsies, stained and examined 
under microscopy for the presence of PMN-
cells. Endometrial biopsies were examined 
for the presence of PMN-infiltration of the 
endometrial luminal epithelium and the 
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stratum compactum. Using the presence 
of PMNs in a tissue specimen as the “best 
standard” for diagnosing endometritis, the 
sensitivity of bacterial growth from an 
endometrial biopsy was 0.82. The sensitivity 
for cytology was 0.77, and the sensitivity 
of bacterial growth from an endometrial 
surface swab was 0.34. The specificity 
for biopsy cultures, swab cultures, and 
cytology to diagnose endometritis were 
0.92, 1.0, and 1.0 respectively. The positive 
predictive value for biopsy cultures, swab 
cultures, and cytology were 0.97, 1.0, and 
1.0 respectively. The negative predictive 
value for biopsy cultures, swab cultures, 
and cytology were 0.67, 0.44, and 0.62 
respectively. In conclusion, bacteriological 
culture and cytology from an endometrial 
biopsy provide the practitioner with the 
most accurate results regarding both 
sensitivity and positive predictive value’ 
(Nielsen, 2005)

Probably what occurs is that the area of 
primary bacterial multiplication does not get 
sampled and a false negative is reported. 
Uterine lavage is a better technique to 
diagnose endometritis compared to uterine 
culture (LeBlanc et al., 2007). ‘Low-volume 
uterine flush (n=401) was performed in 308 
infertile mares to diagnose endometritis. 
Mares evaluated were either barren 
after three or more breedings or had 
two or more unsuccessful embryo recovery 
attempts during consecutive cycles. Culture 
results were compared with cytological and 
histological findings, efflux clarity and pH 
to substantiate that the micro-organisms 
recovered were truly pathogens. Cytological 
specimens were evaluated for presence of 
epithelial and inflammatory cells, bacteria, 
yeast and debris. 

Endometrial biopsies (n=110) were 
examined for the presence of neutrophils in 
the stratum compactum. Micro-organisms 
were recovered in 282/401 (70%) of low-
volume flushes; E. coli was most frequently 
isolated (42.2%), followed by beta hemolytic 
Streptococcus (37.6%). Efflux clarity of 318 
flushes was clear (n=109), cloudy (n=149), 
or mucoid (n=60). Isolation of micro-
organisms was highly associated with cloudy 
and mucoid effluxes (P<0.001), debris on 
cytological specimens (P<0.001), increased 
efflux pH (P<0.003), and neutrophils 
on endometrial biopsy (P<0.01). E. coli 
was associated with debris on cytological 
smear (P<0.002), whereas beta hemolytic 

Streptococcus was associated with increased 
efflux pH (P<0.002). Using the presence of 
neutrophils in a tissue specimen as the 
“best standard” for diagnosing endometritis, 
the sensitivity of flush culture was 0.71 and 
for flush cytology was 0.8, whereas the 
specificity was 0.86 and 0.67, respectively. 

Neutrophils in uterine flushes under-
reported inflammation; only 86/282 positive 
cultures were positive on cytology. The 
clinical estimate of a contaminated (false 
positive) flush culture was 11%, if a false 
positive was defined as positive culture with 
clear efflux and no debris or neutrophils on 
cytology (26/228). In conclusion, a low-
volume uterine flush was a rapid, accurate 
method for identifying mares with chronic 
endometritis. When micro-organisms were 
recovered, endometritis was confirmed by 
efflux clarity, pH and cytological findings of 
debris, bacteria, or neutrophils. E. coli was 
most commonly isolated and it appeared to 
differ in pathogenicity from beta hemolytic 
Streptococcus’ (LeBlanc et al., 2007).

Cytology

Results of uterine culture are best 
interpreted in relation to numbers of 
neutrophils detected from the endometrium 
by exfoliative cytology. However, mares with 
chronic endometritis may have little surface 
irritation (Roszel and Freeman, 1988) and 
thus may be difficult to detect.

Samples can be collected from the cap of 
guarded culture swabs, the tip of some 
open ended culturettes, a minute wire 
bristle brush (cytology brush) or even 
from the other side of cotton tipped swabs 
after plating for microbiology. Particularly 
nice exfoliative cytology samples can be 
obtained from small volume lavage followed 
by centrifugation techniques. 

Small volume lavage (100-200 mls of LRS) 
is easily performed and can be performed 
either in oestrous or dioestrous, however 
we prefer oestrous. A sterile exam glove 
and sterile catheter are used to introduce 
and then siphon back between 100 and 200 
ml of LRS. Whilst in the uterus the fluid is 
massaged per rectum such that most of 
the uterine surface is exposed to the fluid. 
The recovered fluid is allowed to settle or is 
centrifuged and then samples can be plated 
for microbiology and suspended cells used 
to make cytology specimens.
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It has been demonstrated that endometrial 
cytology is much more accurate in identifying 
mares with acute inflammatory changes than 
uterine culture alone (Riddle et al., 2007). 
Mares identified with positive uterine culture 
were more likely to have positive cytology if 
the bacteria isolated was Streptococcus sp. 
than with coliforms (Riddle et al., 2007). 
Mares with > 5 neutrophils/ high power 
field (X 400) had a pregnancy rate of only 
23% compared to a 36% rate in mares with 
2-5 neutrophils/field and a 60% pregnancy 
rate in mares with 0-2 neutrophils/field. 
Isolation of bacteria on culture swab was also 
associated with a decreased pregnancy rate 
(36%) even if the cytological specimen was 
normal as defined as 0 -2 neutrophils/400x 
field. E coli was less likely to be associated 
with a positive cytology than other bacteria 
whereas isolation of Interpreting laboratory 
data in context with clinical findings is 
important as the correlation between 
cytology and culture results varies between 
organism recovered.

‘Endometrial cytology and culture specimens 
(n=2123) were collected concurrently with 
a guarded uterine culture instrument from 
970 mares (738 barren, 1230 foaling and 
155 maiden mares) during three breeding 
seasons (2001-2004). Results were 
compared to the 28-d pregnancy rate for 
the cycle from which the samples were 
taken. Cytological smears were evaluated 
for inflammation at x100 and graded as: 
not inflammatory (0-2 neutrophils/field), 
moderate inflammation (2-5 neutrophils/
field), severe inflammation (>5 neutrophils/
field), or hypocellular (scant epithelial cells 
and no neutrophils). Uterine culture swabs 
were plated within 6h, incubated for 72 h 
and results determined at 24, 48, and 72 
h. 

Approximately, 20% (n=423) cytology 
samples were positive for inflammation (>2 
neutrophils), whereas approximately 11% 
(n=231) of cultures had microorganisms 
recovered. A majority (64%) of the positive 
cultures (147/231) had inflammation on 
cytology smears. Streptococcus equi subsp. 
zooepidemicus was associated with more 
positive cytology results than coliforms 
(P<0.01). Mares with positive cytology or 
culture had lower pregnancy rates than 
mares with normal findings (P<0.01). 
Lowest pregnancy rates were recorded for 
mares with severe endometrial inflammation 

(21%, versus moderate inflammation 
48%). Isolation of a microorganism from 
mares with endometrial inflammation was 
not associated with a further reduction in 
pregnancy rates. In barren, foaling and 
maiden mares, cytology was positive in 
28, 17, and 5%, respectively, and culture 
was positive in 12.2, 11.1, and 3.2%. 
Foaling and maiden mares had higher 
pregnancy rates than barren mares (62, 
69, and 44%, respectively, P<0.001). In 
conclusion, a positive cytology was twice 
as common as a positive culture, and 
isolation of microorganisms was associated 
with reduced pregnancy rates, even in the 
apparent absence of inflammation’ (Riddle 
et al., 2007).

Uterine Biopsy

A single biopsy may not always be totally 
representative of the uterus (Blanchard et 
al., 1987a;Dybdal et al., 1991) but a sample 
from the corpus cornual junction (site of 
embryonic fixation) is one of the most 
accurate determinants of inflammatory 
conditions and cellular infiltrates. At the 
GVEH, cell types and changes are classified 
to give an individual grading for acute, 
chronic and fibrotic changes (0 to 3 for 
each). The biopsy interpretation is one of the 
most important determinants of subsequent 
foaling rates (Kenney, 1978a;Kenney, 
1978b) and, in addition, the degree of 
chronic versus acute inflammation helps 
decide therapy. The results of a study on 
endometrial biopsies obtained from 700 
infertile mares are reported. Infiltrative 
endometritis was present in 51% consisting 
of a combination of an acute and chronic 
cellular response in 6%, mild chronic 
infiltrations in 35% and moderate to severe 
chronic infiltrations in 10%.Demonstrable 
endometrial fibrosis was found in 88% of 
the mares with the majority having mild 
(51%) or moderate (35%) changes. 

The age of the mares and the average 
number of years barren gradually increased 
with the severity of endometrial fibrosis, 
as did the combined incidence of fetal loss 
(early embryonic death and abortion) during 
the three year period preceding the biopsy.A 
significant decrease in foaling percentage for 
the year following the biopsy was observed 
with increasing severity of endometrial 
fibrosis. Chisquare analysis projected a 
decrease in foaling rate of 22.8% for each 
category increase in severity.The number 
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of years barren and the farm management 
system used also had a significant effect 
on foaling probability. The foaling rates 
for mares that were bred artificially (82%) 
under strict veterinary supervision using 
an extender incorporating gentamicin were 
significantly (P < 0.05) higher than for 
mares bred in a conventional manner under 
average management conditions (48%).
It was concluded that endometrial biopsy 
is a valuable diagnostic and prognostic 
technique. When the degree of fibrosis 
is used to predict foaling probability, the 
number of years barren and the breeding 
method to be used should also be considered 
to arrive at a more accurate prediction (Doig 
et al., 1981)

We find that the grading system currently 
in use does not inform the veterinarian that 
referred the sample how to treat the mare 
as it is designed more for foaling probability 
rather than to describe the degree of fibrosis 
and/or classification of acute versus chronic 
inflammation. Others have suggested 
that the correlation to susceptibility to 
endometritis in the intermediate grading 
groups is not good (Troedsson et al., 1993). 
The relative severity of acute, chronic and 
fibrotic changes with our system, enables 
us to explain to both the client and referring 
veterinarian which, if any treatments may 
be of benefit and what the expected results 
would be.

Degree of angioses is related to age and 
increasing parity and can be used to modify 
prognoses (Schoon et al., 1999).

‘Angioses in the equine endometrium are 
detectable in varying quality and quantity 
in nearly 80% of broodmares. Only younger 
maiden mares have intact vessels, older 
maiden mares show a mostly mild sclerosis 
within the intima and the adventitia. In 
multiparous mares the alterations affect all 
layers of the vessel walls and resemble the so 
called ‘’pregnancy sclerosis’’ in other species. 
The incidence and degree increases with the 
number of foals delivered, independent of 
the age of the mare. At least two factors, age 
and parity, have to be considered as possible 
causes for degenerative angiopathies. 
There seems to be no obviously direct 
but an indirect negative effect on fertility 
of the mare, because angioses result 
in a reduced endometrial perfusion and 
drainage and the alterations are intimately 
related to endometrosis. Angioses should 

be taken into consideration when classifying 
endometria with a view to prognosis. A 
relationship between endometrial angioses 
and extrauterine vascular lesions, possibly 
leading to fatal hemorrhages during late 
pregnancy or at foaling and occurring mainly 
in older mares, is supposed’ (Schoon et al., 
1999)

However the same authors have questioned 
(Schoon and Schoon, 2003) (as we have) 
the classification of Kenny and Doig 
(Kenney and Doig, 1986). ‘The subject of 
the present paper is a critical reflection on 
the categorization system of Kenney and 
Doig (1986) which is until now accepted 
internationally in the histopathological 
investigation of equine endometrial biopsies. 
Selected aspects of progress in equine 
gynecopathology made since 1986 are 
described and discussed under the view 
of clinical and prognostic relevance. It was 
concluded that the categorization neglects 
important histopathological findings (e.g. 
Angioses, endometrial maldifferentiation) 
and is therefore incomplete. Beyond this 
schematized grading which means a reduction 
of the different findings to an arithmetical 
code, the biological complexity of etiology, 
reversibility, and possible interactions of 
the various alterations is more or less 
ignored. From the authors’ point of view 
this is unacceptable from both medical 
and forensic aspects, especially under the 
conditions of the new German mercantile 
law’ (Schoon and Schoon, 2003).

When a mare should be presented for 
uterine biopsy is at the discretion of the 
owner and or clinician. In general any mare 
classified as a problem breeder should be 
examined by uterine biopsy at the earliest 
opportunity. Some mares may be eliminated 
from further treatments as a result of the 
biopsy alone (McKinnon and Voss, 1993). 
We strongly prefer a biopsy to be performed 
in oestrous and the tissue to be fixed in 
10% formalin rather than Bouin’s (Pitric 
acid) as has commonly been recommended 
(Doig et al., 1981).

In the future quantification techniques and 
other new techniques of either staining 
(fibrosis) or immunohistochemical and 
molecular based testing like FISH and 
RT-PCR, genetic array analysis etc will 
almost certainly be introduced and may 
result in a much more useful diagnostic 
approach (Schlafer, 2007).
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Endoscopy

Endoscopy allows us to visualise abnormalities 
detected and sometimes undetected by 
physical or ultrasonographic examination. 
We prefer air insufflation rather than saline, 
but both work. The exam can be performed 
in oestrous and dioestrous but it is easier 
to hold the cervix around the endoscope in 
dioestrous. Air should be removed at the end 
of the procedure. A good pump associated 
with the endoscope or an alternative source 
of air/gas insufflation is most helpful.

Lesions more easily detected with endoscopy 
are focal problems such as ulcers, foreign 
bodies and plaques, adhesions that are 
not totally trans-luminal (thus not sealing 
the uterine horn for example) and retained 
endometrial cups.

Cytogenetics

As more sophisticated test become available 
to practitioners, our clients will expect that 
we know what is available and how to 
facilitate their diagnostic completion.

Cytogenetics is an often under utilised 
technique. At the basic level, a simple 
variation in chromosome count is well 
recorded. An acylic mare at height of the 
breeding season is a reasonable chance 
of being identified as a Turner’s Syndrome 
mare or XO (Lear and Bailey, 2008), apart 
from the caveat of ‘not administered an anti 
GnRH vaccine’ (Robinson and McKinnon, 
2006) . However cytogenetics has a much 
more profound role to play than simple 
sex chromosome additions or deletions. 
It is possible it may be one of the most 
important tools for genetic counselling in 
breeding programs from a diagnostic and 
then prospective viewpoint.

Many small variations in chromosomal 
makeup are becoming apparent and their 
association in both mare and stallion 
reproductive fertility have begun to be 
reported (Bugno et al., 2003;Kakoi et al., 
2005;Lear et al., 2008;Makinen et al., 
2000).

‘Cytogenetic analyses of horses have 
benefited the horse industry by identifying 
chromosomal aberrations causing congenital 
abnormalities, embryonic loss and infertility. 
Technical advances in cytogenetics enabled 
the identification of chromosome specific 

aberrations. More recently, advances in 
genomic tools have been used to more 
precisely define chromosome abnormalities. 
In this report we review the history of equine 
clinical cytogenetics, identify historical 
landmarks for equine clinical cytogenetics, 
discuss how the current use of genomic 
tools has benefited this area, and how 
future genomics tools may enhance clinical 
cytogenetic studies in the horse’ (Lear and 
Bailey, 2008).

‘Sex chromosome aberrations are often 
associated with clinical signs that affect 
equine health and reproduction. However, 
abnormal manifestation with sex 
chromosome aberration usually appears at 
maturity and potential disorders may be 
suspected infrequently. A reliable survey 
at an early stage is therefore required. 
Objectives: To detect and characterise sex 
chromosome aberrations in newborn foals 
by the parentage test and analysis using 
X- and Y- linked markers. Methods: We 
conducted a genetic diagnosis combined 
with a parentage test by microsatellite DNA 
and analysis of X- and Y-linked genetic 
markers in newborn light-breed foals (n = 
17, 471). 

The minimum incidence of sex chromosome 
aberration in horses was estimated in the 
context of available population data. Results: 
Eighteen cases with aberrations involving 
63,XO, 65,XXY and 65,XXX were found. 
The XO, XXY (pure 65,XXY and/or mosaics/
chimaeras) and XXX were found in 0.15, 0.02 
and 0.01% of the population, respectively, 
based solely on detection of abnormal 
segregation of a single X chromosome 
marker, LEX003. Conclusions and potential 
relevance: Detection at an early age and 
understanding of the prevalence of sex 
chromosome aberrations should assist in 
the diagnosis and managment of horses 
kept for breeding. Further, the parental 
origin of the X chromosome of each disorder 
could be proved by the results of genetic 
analysis, thereby contributing to cytogenetic 
characterisation’ (Kakoi et al., 2005)

More recently small translocations have 
been associated with EED. One such case 
was examined by us and sent to the 
Gluck Institute for karyotyping and found 
to have an autosomal translocation (Lear 
et al., 2008). Repeated early embryonic 
loss (REEL) represents a considerable 
economic loss to the horse industry. Mares 
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that experience REEL may be overlooked 
as potential carriers of a chromosome 
abnormality. Here we report three different 
autosomal translocations in Thoroughbred 
mares presented for chromosome analysis 
because of REEL. The karyotypes were 
64,XX,t(1;21), 64,XX,t(16;22), and 
64,XX,t(4;13), respectively. In order to 
confirm the chromosomes involved in the 
translocations, to map the breakpoints, 
and to determine if the translocations 
were reciprocal, genes surrounding the 
breakpoints were identified using existing 
maps and from the newly assembled horse 
genome sequence. 

Bacterial artificial chromosomes containing 
the genes of interest were identified and 
mapped to the translocation chromosomes 
by fluorescence in situ hybridization (FISH). 
FISH confirmed that the t(16;22) and 
t(4;13) translocations were reciprocal, while 
the t(1;21) was not. The breakpoints on 
horse chromosomes 1 and 16 appear to be 
the same or near breakpoints previously 
identified in translocations. 

These breakpoints are at the fusion boundary 
of human chromosomes 10 and 15 on horse 
chromosome 1 and at human chromosome 
3p and 3q on horse chromosome 16. These 
sites may represent ancient breakpoints 
reused during equid evolution. Overall, 
chromosome abnormalities may have a 
greater influence on mare fertility than 
previously known. Thus, it is important to 
karyotype subfertile mares exhibiting REEL 
(Lear et al., 2008)

Management of mare before 
the breeding season

Best results are achieved when we have the 
opportunity to assess and correct identified 
problems before the breeding season begins. 
Failure to treat an active chronic uterine 
infection during the non-breeding season is 
one more insult to an already compromised 
reproductive tract. The aim of prebreeding 
season management is to 1) eliminate 
uterine infection and inflammation, and 2) 
prevent further contamination prior to and 
during the next breeding season. Economic 
considerations are highlighted during this 
time when mares are repeatedly treated, 
clients receive accounts, and yet there are 
no signs of success because it is too early to 
begin breeding.

Correction of Physical Abnormalities

Many of the treatments during the non-
breeding season require multiple vaginal 
invasions to penetrate the cervix, thus a 
Caslick operation or a breeding stitch may 
be damaged. Decisions on when to perform 
reconstructive surgery relative to treatment 
of infection or inflammation are generally 
obvious (Pascoe, 1979). Episioplasty and 
perineal body transection (McKinnon et 
al., 1991;Trotter and McKinnon, 1988) are 
generally performed immediately unless 
active inflammation is present, because 
once healed, they provide little impedance 
to invasive treatment or examination 
procedures. Similarly it is pointless to begin 
therapy for mares whose major inflammatory 
problem is related to vesicovaginal reflux 
(urine pooling) (McKinnon and Belden, 
1988a) until the primary problem has been 
treated. Surgery of cervical problems has 
often not been attempted due to difficulties 
of exposure, failure to identify the problem 
and occasionally mares successfully carrying 
pregnancy despite cervical defects. 

We attempt repair of major defects if possible 
and find that strong caudal traction of the 
cervix with two pairs of cervical forceps, 
(Knowles forceps, Sontec Instruments, 
6341 South Troy Circle, Englewood, CO 
80111) in mares heavily sedated and given 
epidural or local anaesthesia, often enables 
good visualisation of and surgical access to 
the cervix in the caudal vagina or vestibule 
(McKinnon and Vasey, 2007). Many mares 
will conceive and carry a foal to term 
despite having major cervical damage, so 
care should be used when advising on the 
breeding future of a mare with this problem. 
These mares frequently have difficulty 
establishing a pregnancy while they have a 
foal on them, but become better candidates 
for breeding the next season. Consequently 
many have a foal every other year.

Treatment of Infection and 
Inflammation

Frequently we have no choice as to what 
stage of the cycle mares are treated. Many 
mares (~ 50%) have entered anoestrus 
during winter by the time they arrive for 
treatment. However, if possible it is best to 
utilise treatments during oestrus to use the 
effects of increased drainage, contraction 
(Evans et al., 1986;Evans et al., 1987) and 
increased efficiency of phagocytosis (Asbury 

SAEVA Proceedings.indd   201 2/11/09   11:45:07 AM



202

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

et al., 1982;Ganjam et al., 1982;Washburn 
et al., 1982). Cervix adhesions are treated by 
local application of an oil based corticosteroid 
and antibiotic cream (R.R. Pascoe pers 
comm), and concurrent intrauterine 
elimination of infection. Treatment may 
involve daily topical application, disruption 
of adhesions and massage, for as long as 2 
weeks. Although some mares will become 
pregnant by AI with adhesions of the 
cervix, these more frequently abort and the 
adhesions remain as a nidus of infection and 
thus should be eliminated.

Uterine infection with concomitant large 
amounts of debris and fluid are treated by 
voluminous saline lavage, 1 litre at a time, 
until the effluent is grossly clear. Intrauterine 
antibiotics as determined by culture and 
sensitivity testing are administered after 
each daily lavage. When culture results 
are negative and active chronic infiltrative 
endometritis is identified from biopsy, a 
different and perplexing problem exists. It 
may be inappropriate to treat these mares 
as they possibly have already eliminated the 
infection and remain as mares susceptible 
to endometritis. However, our approach has 
been to attempt to reduce the inflammatory 
response as many of these mares have 
small quantities of uterine fluid present. 
Therapy is prolonged (7 to 15 treatments) 
with administration of broad spectrum 
intrauterine antibiotics performed daily or 
every other day. 

Concurrently, systemic oestradiol esters 
are administered. Care is advised with this 
therapy as occasionally, this may result 
in ovarian shutdown for variable periods, 
perhaps as long as three months. Local 
infusion of corticosteroids is also used 
in cases of severe chronic (lymphocytic) 
endometritis. If uterine adhesions are 
present, then local corticosteroid therapy 
is instituted. There are no oestrogen 
preparations approved for use in horses 
(Varner et al., 1988). In addition, use of long 
term oestradiol therapy, although apparently 
beneficial on the local uterine environment, 
has in our experience and in the hands of 
others (Nishikawa, 1959), resulted in long 
term suppression of ovarian function. Some 
treated mares fail to cycle until well into 
the breeding season. Also, to date we know 
of no method to determine which mares 
will respond to oestradiol therapy with 
prolonged ovarian suppression. Regardless 
of the method of treatment, a reproductive 

evaluation is performed to assess efficacy 
at conclusion of therapy. At this time final 
reproductive surgeries (ie. Caslick) may be 
completed. Local treatments after a Caslick 
can be administered by passing an infusion 
pipette into the vestibule, then guiding 
it through the cervix rectally, similarly, 
but with more difficulty, to intrauterine 
treatment in the cow.

Pre breeding assessment

Unfortunately, not all mares arrive for 
assessment and treatment during the 
non-breeding season and of those that 
do, not all respond to therapy enough to 
enable breeding to begin without added 
treatments. The primary goal of the pre 
breeding assessment period is to have a 
uterine environment capable of supporting 
spermatozoa long enough so they can 
reach the oviduct in a condition capable of 
initiating fertilisation. It only takes a few 
hours for spermatozoa to pass through the 
uterotubule junction and remain relatively 
free from toxic products in the uterus. 
However, fluid inflammatory products, 
when mixed with spermatozoa, caused an 
immediate decline in spermatozoal motility 
that was proportional to the amount of 
inflammatory products (Squires et al., 
1989). Also, addition of uterine fluid of 
grades 1 to 2 (McKinnon et al., 1987a) to 
spermatozoa prior to breeding mares by AI 
resulted in a decreased embryo recovery (P 
< 0.05)

(Squires et al., 1989). Decline in spermatozoal 
motility “in vitro” can be arrested by addition 
of an extender to the uterine fluid prior to 
addition of spermatozoa (Squires et al., 
1989) However it appears that for best 
fertility, removal of inflammatory products 
from the uterus prior to introduction of 
spermatozoa is the most logical approach. 
A study has shown that lavage of the uterus 
with a lactated Ringers solution (LRS) 
and removal of as much fluid as possible 
and then breeding can result in normal 
pregnancy rates (in normal mares), thus 
giving us confidence to remove fluids of 
poor quality immediately prior to breeding 
(Vanderwall and Woods, 2003).

‘To determine the effect on fertility of large-
volume uterine lavage with lactated Ringer’s 
solution (LRS) performed immediately 
prior to insemination in mares. Design-
Prospective randomized controlled study. 
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Animals-20 mares. Procedure-Control mares 
(n = 10) were inseminated with 1 billion 
(estimated before cooling) progressively 
motile spermatozoa that had been cooled in 
a passive cooling unit for 24 hours. Mares 
(n = 10) in the treatment group were 
inseminated with 1 billion progressively 
motile spermatozoa (cooled as described 
for control mares) immediately after uterine 
lavage with 4 L of sterile LRS. Results-There 
were no significant differences in pregnancy 
rates or size of the embryonic vesicle on 
days 12, 13, and 14 after ovulation between 
control and treated mares. 

Conclusions and Clinical Relevance-Results 
indicate that uterine lavage with LRS 
can be performed immediately prior to 
insemination without adversely affecting 
fertility in mares. This is clinically important, 
because insemination may be necessary 
when a mare has inflammation-associated 
fluid (detectable ultrasonographically) in 
the uterus; removal of the fluid is desirable, 
because it adversely affects spermatozoal 
motility and fertility. This situation typically 
arises when mares require rebreeding after 
they have developed persistent mating-
induced endometritis or are inseminated 
multiple times in a 24-hour period (during 
the period of physiologic mating- induced 
inflammation), which is a common practice 
when using cooled or frozen-thawed semen’ 
(Vanderwall and Woods, 2003)

To meet these objectives, mares are 
examined in early oestrus. Ultrasonographic 
identification of uterine fluid and culture and 
sensitivity results are used to determine 
whether uterine lavage, local antibiotics or a 
combination of both are necessary to obtain 
a uterus free from inflammatory products 
at the time of breeding. Oxytocin and/or 
cloprostenol are often given at this time 
to maintain or facilitate uterine clearance 
(Combs et al., 1996;LeBlanc, 1994;LeBlanc, 
1997). It is an inappropriate use of time and 
finances to breed mares destined to return to 
oestrus, thus mares with abnormal uterine 
fluid accumulations detected at the time of 
breeding are lavaged vigorously to prevent 
damage to spermatozoa and to reduce 
the possibility of PGF2 release causing 
luteolysis and early return to oestrous.

Breeding management

If the uterine environment is prepared 
properly at the time of breeding, then our 

goal is to prevent contamination at, or 
immediately after breeding. Clearly, breeding 
contamination is more easily controlled with 
AI than with natural service. However, 
both techniques result in introduction 
of bacteria. Research in this area was 
originally reported by Bob Kenney (Kenney 
et al., 1975) . They demonstrated that 
hygienically collected semen from “non-
infected” stallions, contained numerous 
types of aerobic bacteria and fungi. The 
total number of aerobic microorganisms in 
each of eight ejaculations from five stallions 
collected, ranged from 0.09 to 36 million. 
However, addition of raw semen to nonfat 
dry milk seminal extenders containing 
either penicillin-streptomycin (1,500 IU/ml 
and 1500 μg/ml respectively) or gentamicin 
sulfate (1 mg/ml) resulted in rapid decline 
of bacteria numbers of the subcultures from 
treated samples, including zero time which 
was after about 5 minutes of exposure. 
There was heavy growth in all subcultures 
from raw semen (Kenney et al., 1975). 

Aerobic bacteria commonly isolated 
from the urethra, semen and prepuce of 
stallions are E. coli and other coliforms, 
Pseudomonas aeruginosa, beta haemolytic 
and nonhaemolytic streptococci (S. 
zooepidemicus), Klebsiella sp, haemolytic 
and non-haemolytic Staphylococci, 
Proteus sp, and Corynebacterium. Further 
experimentation has demonstrated effective 
elimination of bacteria without affecting 
motility using seminal extenders containing 
either penicillin-gentamicin or polymyxin 
B sulfate (1,000 IU/ml). Thus, it appears 
that addition of raw semen to appropriate 
antibiotic-containing seminal extenders 
is one method of ensuring minimal 
contamination at the time of breeding 
(Arriola and Foote, 1982;Blanchard et al., 
1987b;Danek et al., 1994;Padilla and Foote, 
1991;Timoney et al., 1979;Vaillancourt et 
al., 1993). It is important to remember that 
some antibiotics affect spermatozoal motility 
at high concentrations and may adversely 
affect fertility (Jasko et al., 1993;Pickett et 
al., 1987).

Currently we favour the use of Ticarcillin 
or Timentin or Amikacin at 1 mg/ml in 
extender preparations.

Artificial insemination

If possible, mares are inseminated without 
disturbing reproductive surgeries such as 
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the Caslick. The perineum is diligently 
cleaned and dried as previously described 
(Pickett et al., 1987) and 500 x 106 
progressively motile spermatozoa (PMS) 
mixed with appropriate antibiotic-containing 
extender are inseminated. Proper technique 
to ensure cleanliness of the stallion and 
collection equipment is important (Pickett 
et al., 1987). To ensure the antibiotics have 
had adequate time to eliminate bacterial 
growth, it is best to allow at least 15 
minutes at 370C prior to insemination. If a 
longer interval is required, extended semen 
may be cooled to 200C and stored for at 
least 12 hours (Francl et al., 1987;Pickett et 
al., 1987) and often considerably longer at 
40C (Douglas-Hamilton et al., 1984;Pickett 
et al., 1987). 

To reduce contaminating organisms to an 
absolute minimum, a method was devised 
(Kenney et al., 1975) to “wash” spermatozoa 
by dilution with an antibiotic-containing 
extender, followed by centrifugation (300 
G) to produce a “soft” pellet, decantation 
of the supernatant and resuspension of the 
resulting pellet in fresh, warm extender. 
This technique has the added advantage of 
removing much of the seminal plasma which 
reduces motility after prolonged incubation 
(Pickett et al., 1987) with minimal damage 
to spermatozoa (Pickett et al., 1975). This 
is especially important when the aim is 
to provide a minimum concentration of 
25 million sperm per ml for stallions that 
produce low concentration ejaculates.

Natural service.

Regardless of whether AI or natural service 
is used to breed mares, if a Caslick has to 
be opened it should be immediately apposed 
after breeding. Temporary apposition may 
be achieved with Michelle clips, however 
mares often become irritated by their 
continual reinsertion. Another technique is 
placement of a breeding stitch that allows 
the penis or forearm to penetrate the vagina 
without damaging the labial commissures. 
Unfortunately, in many instances they are 
not effective because the vaginal lips are 
often not joined far enough ventrally to 
provide a good barrier to pneumovagina. 
Effective management often involves 
immediate replacement of stitches into the 
vulvar lips post service. Mares and stallions 
to be bred by natural service should be 
well cleaned. It is wise to avoid strong 
disinfectants that may cause overgrowth 

of potentially pathogenic bacteria after 
prolonged use. In addition we had one 
Thoroughbred breeding farm that had lower 
than expected pregnancy rates per cycle 
at which an in depth analysis of farm 
breeding practices revealed that the mare 
was lubricated with a gel with a disinfectant. 
Back in our laboratory addition of semen to 
the gel resulted in either extremely low or no 
motility of extended semen. We postulated 
that there was enough disinfectant to reduce 
but not totally eliminate fertility. The effect 
of eliminating the gel was immediate and 
spectacular on pregnancy rates per cycle.

A technique of minimising contamination 
by prebreeding infusion of 100 to 300 
ml of antibiotic-enriched seminal extender 
has been described (Squires et al., 
1989). This technique has advantages, 
however caution should be advised. For 
maximum reproductive efficiency, 500 x 
106 PMS should be deposited into the 
reproductive tract (Pickett et al., 1987). 
Lower spermatozoal numbers are quite 
effective in highly fertile stallions (Pickett 
et al., 1987). However this information 
was derived from AI with small volumes 
of semen or semen plus extender. Later 
information indicated that spermatozoal 
concentration and volume of inseminate 
may be important factors in fertility. When 
mares were bred with 250 x 106 PMS in 
100 ml of extender, embryo recovery rate 
was significantly depressed (13.6%, P < 
0.001) compared to mares bred with these 
same spermatozoal numbers from the same 
ejaculates in 10 ml of extender (70.6%) 
(Squires et al., 1989). This finding becomes 
important when mares are bred to stallions 
naturally that, due to frequent breeding, 
may have low spermatozoal numbers in 
normal ejaculate volumes (30 to 150 ml).

Our approach for mares bred by natural 
service is to use ultrasonographic detection 
of quality and quantity of fluid combined with 
culture and sensitivity results to determine 
optimum treatments. For instance, if mares 
have a large volume of fluid detected, then 
voluminous lavage of the uterus with a 
physiological solution such as Dulbecco’s 
phosphate buffered saline or LRS that is not 
expected to be detrimental to spermatozoal 
survival is instituted immediately prior to 
breeding. Increased temperature (41-450C) 
of infused fluids seems to aid in evacuation of 
uterine contents by increasing uterine tone. 
This procedure is slightly irritating, however 
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the aim is to clear the uterus of inflammatory 
products and enable spermatozoa to have 
a relatively safe passage into the oviduct 
before further inflammatory products are 
released. If small quantities of uterine fluid 
are detected, then intrauterine antibiotics are 
infused prebreeding (> 12 hours). If uterine 
fluid is detected at the time of scheduled 
breeding, depending on the type and volume 
of fluid, the mare is either recycled, a small 
volume of antibiotic containing extender (< 
50 ml) is infused immediately prebreeding 
or oxytocin/cloprostenol is administered 
intravenously and the mare re-examined in 
1-2 hours (LeBlanc et al., 1994;Neuwirth 
et al., 1995). As mentioned above it is 
also possible to infuse a larger volume of 
physiological saline and after removal breed 
the mare (Vanderwall and Woods, 2003). 

When organising timing of breeding the 
problem mare, much effort is directed 
toward trying to breed only once, just prior 
to ovulation (< 12 hours). Induction of 
ovulation with human chorionic gonadotropin 
(hCG) is routine (Voss, 1993), although 
difficulties with precise time of ovulation may 
be encountered after the initial injection for 
the season. This is presumably mediated by 
antibody formation (Roser et al., 1979) and 
becomes important because many mares 
are bred on subsequent cycles. Mares are 
treated with hCG on the second and third 
day of oestrus when a follicle > 30 and < 40 
mm is detected and when endometrial folds 
are prominent (McKinnon et al., 1987a). 
Following this strict guideline for induction 
results in most mares ovulating between 36 
to 48 hours after treatment (Voss, 1993). 
Recent developments have shown that other 
drugs such as GnRH analogues (Harrison et 
al., 1991;McKinnon et al., 1993b;Meinert 
et al., 1993) are capable of precise, timed 
ovulation and are now commercially 
available (Deslorelin- OvuplantTM) for 
routine induction of ovulation in cycling 
mares (Jochle and Trigg, 1994;McKinnon 
et al., 1993b). Use of GnRH is associated 
with less immunogenicity because of its 
smaller molecular weight, and is used 
as a primary induction agent or between 
cycles of hCG administration. An occasional 
mare treated with Deslorelin in an implant 
form (OvuplantTM) has been noted to be 
slow to return to oestrous (Johnson et 
al., 2000). Although these problems are 
almost insignificant on large breeding farms 
they can create problems for an individual 
mare.

Mares are bred regardless of the number 
of preovulatory follicles and multiple 
ovulations are actively encouraged. There 
are few effective, commercially available 
drugs to increase the number of ovulations 
per cycle. Follicle stimulating hormone, 
although effective, is very expensive for 
equine use and crude pituitary extracts are 
not commercially available. Immunisation 
against recombinant bovine inhibin subunit 
has been demonstrated effective in increasing 
ovulation rates in mares (McCue et al., 
1992;McKinnon et al., 1992). Conception 
rates are proportional to ovulation rates 
(Squires et al., 1987b;Squires et al., 
1987a), thus treatment by immunisation 
against inhibin or anything that increases 
ovulation rate should improve pregnancy 
rates in normal and subfertile mares and 
in mares bred to subfertile stallions. With 
intensive reproductive management, 
multiple pregnancies when diagnosed early 
present little difficulty in reduction to a 
singleton (McKinnon et al., 1993c;Pascoe et 
al., 1987).

Post breeding management

The aim of therapies in the immediate period 
after breeding is to: a) reduce infection and 
inflammation to create a uterine environment 
capable of supporting pregnancy, and b) 
prevent further contamination.

Spermatozoa are safely in the oviduct within 
4 hours of breeding (Bader, 1982) and are 
protected from inflammatory products in 
the uterus and/or uterine treatments by 
the utero-tubule junction after this time 
(Brinsko et al., 1991). The embryo will not 
be released into the uterus until around 6 
days after ovulation, however because most 
intrauterine therapies have an attendant 
degree of inflammatory response, and to 
allow time for foreign material to be expelled 
or absorbed, no treatments are administered 
from day three after ovulation. This reduces 
the chances of a PGF2 release leading to 
early luteolysis or persistent inflammatory 
products interfering with the development 
of the early intra uterine embryo. The 
cervix begins to exhibit increasing tone and 
improves as a barrier to infection within 
2 days of ovulation, although it remains 
more relaxed when inflammation of the 
reproductive tract is present. In addition, the 
corpus luteum remains resistant to PGF2 
released from local inflammatory responses 
until at least day 3 after ovulation.
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1) Post breeding fluid accumulation

The treatments listed below are administered 
individually or concurrently to manage the 
amount of fluid and/or inflammation present 
after the mare is bred. Treatments may 
be administered as early as 4 hours post 
breeding although in practice we tend to 
delay until at least 6-8 hours. The primary 
reason for this is that the work on sperm 
migration from the uterus into the oviduct 
was performed on reproductively normal 
mares (Brinsko et al., 1991). We do not 
have accurate times for safe treatment in 
mares with delayed uterine clearance.

After uterine lavage a combination of oxytocin 
(10-20 IU IV/IM) and/or cloprostenol (250 
μg IM) are instituted. Therapies should be 
administered by ~ 9 hours after breeding 
as that is the suggested time that the 
differences in response to bacterial challenge 
of susceptible compared to resistant mares is 
typically seen (Martin et al., 1988;Williamson 
et al., 1987;Williamson et al., 1989). Delay 
of > 24 hours in administering treatments 
may have let bacteria begin to rapidly 
proliferate.

Mares are examined every 12 hours if 
difficult inflammatory problems exist, 
otherwise they are examined daily. Specific 
treatments are discussed below.

Uterine lavage

The aim of uterine lavage is to remove 
inflammatory products. Removal pre 
breeding is discussed above and it is 
recommended that a buffered physiological 
saline solution like LRS with removal of as 
much fluid as possible and then breeding 
can result in normal pregnancy rates (in 
normal mares), thus giving us confidence to 
remove fluids of poor quality immediately 
prior to breeding (Vanderwall and Woods, 
2003).

Post breeding the decision of wether to use 
lavage is mostly dictated by the appearance 
of the uterus on ultrasonographical 
examination and the history of the mare. 
Even mares with little fluid after breeding 
may be good candidates for lavage if the 
history has suggested that they repeatedly 
become difficult to manage with intra luminal 
fluid accumulation on previous cycles. 
Mares with quantities of fluid graded as > 
than small (small, medium, large, excess: 

(McKinnon and Voss, 1993)) and graded 
worse than grade 4 (Grade 1-4 based on 
echogenicity: (McKinnon et al., 1987c) are 
all treated with voluminous lavage. Saline is 
quite an irritant, especially unbuffered with 
low pH (Pascoe et al., 1989). In general 
LRS is used and the fluid is lavaged in one 
litre increments until the returning fluid is 
clear. It is also possible that in some mares 
concurrent use of oxytocin in the flush 
fluids will result in better evacuation of fluid 
(McKinnon and Voss, 1993).

Ecbolic agents are those that cause 
uterine contractions.

Oxytocin: Oxytocin increases myometrial 
contractions in oestrogen dominated 
reproductive tracts (Jones et al., 1991;Liu 
et al., 1991) and aids in expulsion of 
material. The earliest reports on differences 
in susceptibility to infection and stage of 
the oestrous cycle effecting clearance of 
bacteria were from New Zealand (Evans et 
al., 1986;Evans et al., 1987).

‘Uterine response to inoculation with 
Streptococcus zooepidemicus organisms 
(antigenic markers) and 15-mu-m 
microspheres and charcoal (non-antigenic 
markers) was determined in seasonally 
acyclic maiden mares treated with either 
progesterone (P) in = 4, estradiol (E) n = 
4 or oil vehicle (C) n = 4. At 3, 7 and 15 
d after inoculation with bacteria and the 2 
non-antigenic markers, uteri were flushed 
and the clearance of these materials, as 
well as the number of white blood cells and 
immunoglobulin concentration, determined. 
P-treated mares had higher numbers of 
bacteria and IgA and a greater volume 
of purulent fluid in the uterus than E- or 
C-treated mares at 7 d after inoculation. 
Clearance of inoculated materials began 
within 2 h in E-treated mares, and the non-
antigenic markers were completely cleared 
in E- and C-, but not in P-treated mares, in 
3 d. This suggests that in the P-dominated 
uterus, reduced physical clearance may 
contribute to an increased susceptibility to 
uterine infection’ (Evans et al., 1986)

‘Twelve acyclic mares of various ages (2-29 
years) and parity (maiden-multiparous) were 
given oestradiol-17 beta i.m. (winter 1982) 
or progesterone i.m. (winter 1983) to induce 
changes in the endometrium consistent with 
oestrus and dioestrus, respectively. After 
hormone treatment, mares were inoculated 
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intrauterine with 50 ml saline containing 5 X 
10(5) Streptococcus zooepidemicus bacteria, 
51Cr-labelled 15-micron microspheres, and 
500 mg charcoal (Groups E + B and P + B) 
or microspheres and charcoal only (Groups 
EC and PC). At 5 h after inoculation uteri 
were flushed with 50 ml saline containing 
tracer amounts of 125I- labelled HSA. 

In Group E + B inoculated materials were 
cleared more rapidly in younger than in 
older mares, and there was a significant 
positive correlation between age and 
bacterial concentration, total numbers of 
bacteria, and amounts of microspheres and 
charcoal in the uterus and also between 
age and the WBC concentration and total 
numbers of WBC. In Group EC there was 
a significant positive correlation between 
age and the amounts of microspheres 
and charcoal remaining in the uterus, and 
between age and WBC concentration and 
total numbers of WBC. We suggest that in 
the oestrogen-dominated uterus physical 
drainage may be a factor in determining 
whether a mare is ‘resistant’ or ‘susceptible’ 
to bacterial challenge of the uterus. Physical 
clearance is increased in younger (resistant) 
mares in the presence and absence of an 
antigenic stimulus. In mares in Group P + 
B there was no correlation between age and 
the values measured’ (Evans et al., 1987).

Similar findings were published from the 
University of Florida (LeBlanc et al., 1989). 
‘Uterine response to inoculation with 
Streptococcus zooepidemicus organisms, 
51Cr-labeled 15-microns microspheres, and 
charcoal was evaluated in 9 mares (4 
resistant and 5 susceptible to endometritis) to 
determine mechanical and cellular clearance 
rates during the early postovulatory period. 
Mares were inoculated at estrus prior to 
ovulation during estrous cycles 1, 3, and 
5. Uterine swab specimens for aerobic and 
anaerobic bacteriologic culture and serum for 
progesterone determination were obtained 
on postovulation day 3 during estrous cycle 
1, on the day of ovulation during estrous 
cycle 3, and on postovulation day 5 during 
estrous cycle 5. Immediately thereafter, the 
uterus was irrigated with 50 ml of sterile 
physiologic saline solution containing tracer 
amounts of 125I-labeled human serum 
albumin. Streptococcus zooepidemicus was 
isolated from 10 of 15 (67%) uterine 
specimens collected from susceptible mares 
and incubated aerobically. Escherichia coli 
also was isolated from 2 of the 10 specimens 

incubated aerobically. Anaerobic bacteriologic 
culture of specimens from all mares yielded 
no growth. Chromium-labeled microspheres 
were recovered twice from 2 susceptible 
mares, on day 0 and day 5. Charcoal was 
retained in 5 specimens collected from 
3 susceptible mares. Bacteriologic culture 
of specimens from resistant mares did 
not yield growth. On day 0, chromium-
labeled microspheres and charcoal were 
recovered once from 1 resistant mare. Mares 
susceptible to endometritis accumulated 
more fluid within the uterine lumen after 
ovulation than did resistant mares (mean 
+/- SEM, 52.73 +/- 15.22 ml and 7.41 +/- 
1.96 ml, respectively; P less than 0.01). 
From this study, it appeared that uterine 
cellular and bactericidal mechanisms are 
dysfunctional during the early postovulatory 
period. However, there appeared to be no 
disruption of the mechanisms responsible for 
mechanical clearance of materials inoculated 
in the uterus’ (LeBlanc et al., 1989)

Subsequently it was shown that oxytocin 
was able to induce uterine contraction and 
drainage from mares with endometritis 
(Allen, 1991). Thereafter followed a rapid 
identification of the clinical uses of oxytocin 
in problem mare management (LeBlanc, 
1994;LeBlanc, 1997;McKinnon and Voss, 
1993;Pycock, 1994;Pycock and Newcombe, 
1996).

Although not precisely studied there appears 
to be a dose dependant effect of oxytocin on 
uterine contractions. However information 
on efficacy of contractility is still to be 
forthcoming. ‘The contractile response of 
the equine uterus to different oxytocin 
doses administered intramuscularly during 
oestrus was investigated in 5 reproductively 
normal mares given sequential doses of 5, 
10, 20 and 40 USP oxytocin. The time from 
oxytocin administration to onset of response 
ranged from 5-22 min, but was not affected 
by dose (P=0.6) or mare (P=0.9). The 
time from administration to cessation of 
increased contractile activity (latency to 
response + duration of response) followed 
the same significant pattern as duration 
of response. The interval was significantly 
greater for 40- and 20-unit doses (108 plus 
or minus 12.1 and 103 plus or minus 15.8 
min, respectively) compared with doses 
of 5 and 10 units (54.2 plus or minus 6.1 
and 61.8 plus or minus 7.1 min). All doses 
increased the frequency of contraction. The 
findings demonstrate the significant dose-
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response relationship between intramuscular 
administration of oxytocin and increased 
uterine myometrial activity’ (Madill et al., 
2002).

We have noted on occasions that mares 
refractory to lower doses of oxytocin (20 IU 
– IV/IM) have responded dramatically with 
higher doses (50-80 IU) when given as an 
intrauterine infusion.

Factors that may effect the response of 
mares to oxytocin are age of the mare, 
concurrent drug administration, oxytocin 
receptor status, inflammatory conditions 
in the uterus and various still yet to be 
determined factors. Oxytocin appears to work 
with a reduced effectiveness in mares with 
delayed uterine clearance (vonReitzenstein 
et al., 2002). ‘An experiment was conducted 
to determine whether the uterotonic effects 
of oxytocin, a drug used to treat mares 
that have a delay in uterine clearance were 
affected by the sedative detomidine (an 
a,agonist), a drug used to treat fractious 
mares. 

An additional objective was to identify 
propagation patterns of uterine contractions 
and determine whether these patterns 
differed between normal mares and mares 
with delayed uterine clearance (DUC). 
Intrauterine pressure was measured in 
five reproductively normal mares and four 
mares with DUC during estrus using an 8-F 
Milar catheter with two discrete pressure 
sensors. Mares received one of three 
treatments in random order: detomidine 
(0.001 mg/kg; i.v,); detomidine followed 
in 10 min by oxytocin (10 IU; i.v.); and 
saline (0.9% NaCl 0.5 ml; i.v.) followed in 
10 min by oxytocin. All treatments induced 
waves of contractions; however, only three 
mares with DUC exhibited contractions after 
administration of detomidine. Normal mares 
experienced more uterine contractions (P 
< 0.01) that tended to last longer (P < 
0.06), and were of greater intensity (P < 
0.04) than mares with delayed clearance. 
Administration of detomidine before oxytocin 
increased the number of contractions 
(P < 0.02) and increased the maximum 
intrauterine pressure in the uterine horn (P 
< 0.05) in normal mares as compared to 
response after administration of saline and 
oxytocin. Detomidine had no effect in mares 
with delayed clearance. All mares had more 
propagating than non-propagating uterine 
contractions (74 +/- 8 versus 25 +/- 8%, 

respectively). Normal mares exhibited a 
normal propagation pattern more frequently 
(P < 0.0001) than mares with DUC. 
Simultaneous (P < 0.05) and inverted (P < 
0.03) contractions occurred more frequently 
in mares with DUC. Administration of 
detomidine increased the number (P < 
0.01), and tended to increase the percentage 
(P < 0.07) of normal propagating uterine 
contractions in normal mares, but did not 
affect propagation patterns in mares with 
DUC. In conclusion, detomidine augmented 
the uterotonic effect of oxytocin in normal 
mares but not in mares with DUC. Data 
suggest that mares with DUC have a defect 
in myoelectrical signaling and a decrease 
in the contractile strength of the uterine 
muscle’ (vonReitzenstein et al., 2002).

The half life of oxytocin is 6.8 minutes 
(Paccamonti et al., 1999). ‘We investigated 
the half-life of oxytocin in reproductively 
normal mares and the prostaglandin response 
after oxytocin administrations. Mares were 
given oxytocin, 10 or 25 iu, i.v., on the day 
of, or 2 days after, ovulation, and frequent 
jugular blood samples were collected for 
analysis of oxytocin and Prostaglandin F 
metabolite (PGFM) by RIA, Neither dose of 
oxytocin nor day of treatment affected the 
half-life of the exogenous oxytocin, which 
was determined to be 6.8 min. A significant 
increase in PGFM was observed within 6 min 
of oxytocin administration and peak values 
were observed within 10 min. PGFM response 
after oxytocin administration on the day 
of ovulation appeared elevated compared 
to the response 2 days after ovulation’ 
(Paccamonti et al., 1999). However the 
short half life still equates to an average 
duration of ! 100 minutes when giving the 
standard 20 IU dose (Madill et al., 2002).

Another variation is a synthetic long acting 
form of oxytocin termed carbentocin with 
a half life of about 17 minutes (Schramme 
et al., 2008). ‘Current therapy protocols to 
treat persistent post mating endometritis 
and retained fetal membranes in mares 
typically include the administration of ecbolic 
drugs. Evaluation of the pharmacokinetics 
and tolerability of carbetocin, a long-acting 
oxytocin analogue, after i.v. administration 
is required. OBJECTIVES: To determine 
the pharmacokinetic parameters (principally 
half-life) of carbetocin in horses. METHODS: 
Five mature mares and one gelding received 
0.175 mg carbetocin i.v. All animals were 
monitored periodically throughout the 
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study for elevation in rectal temperature, 
heart rate, respiratory rate and signs of 
pain or discomfort. Plasma samples were 
collected for determination of carbetocin 
concentrations by radioimmunoassay. 
RESULTS: Administration of carbetocin was 
well tolerated by all horses and its half-
life was 17.2 min. CONCLUSIONS: The 
half-life of carbetocin is greater than that 
previously reported for oxytocin (6.8 min). 
POTENTIAL RELEVANCE: Carbetocin is an 
attractive alternative to oxytocin therapy 
in broodmare management’ (Schramme et 
al., 2008).

Because this long acting form of oxytocin 
is only available in Europe, Canada and 
Mexico, we do not first hand experience but 
my old reprobate friend John Pycock says it 
works well (JF Pycock pers comm., 2008).

If a mare appears not to respond to oxytocin 
then administration of cloprostenol appears 
another alternative.

Cloprostenol:

Apparently the use of prostaglandins on 
uterine contraction was studied when it was 
noted that oxytocin stimulated prostaglandin 
release. In addition the half life of oxytocin 
is quite short. Cloprostenol was the best of 
three prostaglandins studied (Combs et al., 
1996). Suggested administration is 250-500 
μg cloprostenol IM about 12-18 hours after 
mating and ~6 hours after oxytocin (Combs 
et al., 1996;Nie et al., 2002;Nie et al., 
2003;Troedsson et al., 1995b). The rationale 
for this treatment is to utilize the quick 
high amplitude contractions from oxytocin 
administration, followed by the longer low 
frequency contractions of cloprostenol.

Cloprostenol can be quite an annoyance to 
some mares with colic and diarrhoea the 
predominant signs. Because cloprostenol 
can induce premature luteolysis the current
recommendations are to only use it within 
the first 24-48 hours after ovulation 
(Brendemuehl, 2002;Nie et al., 2003;Putman 
et al., 1991).

‘Mares (n = 37) were treated from 4h after 
breeding through 2 days post-ovulation 
with oxytocin or cloprostenol. Oxytocin 
(20 units i.m.) was administered every 6 
h and cloprostenol (250 mcg i.m.) daily. 
Luteal function was impaired for several 
days following treatment, however, lower 

progesterone levels among cloprostenol 
treated mares in this study did not result 
in decreased pregnancies. Pregnancy 
outcome at 15 days post-ovulation was 
not different between the oxytocin (13/18) 
and cloprostenol (13/19) treatment groups, 
respectively (P = 0.80). The results of 
this study indicate cloprostenol can be 
used to treat post-breeding mares through 
the second day following ovulation without 
decreasing pregnancy outcome’ (Nie et al., 
2003).

If mares are being treated with 
phenylbutazone around the time of breeding 
and ovulation (i.e. laminitis) then there is an 
expected decrease in effect of cloprostenol 
(LeBlanc, 1997). In theses cases oxytocin 
is preferred. ‘An inability to clear the 
uterine lumen quickly of the inflammatory 
by-products of breeding is a major cause 
of infertility. Mares with this condition 
may be diagnosed by scintigraphy, as can 
the effects of drugs on uterine clearance. 
Administration of oxytocin or cloprostenol, 
a prostaglandin analog, improves uterine 
clearance, whereas, phenylbutazone, a 
cyclooxygenase inhibitor, delays uterine 
clearance of a radiocolloid. Inhibition of 
uterine clearance by phenylbutazone can 
be overridden by administration of oxytocin 
indicating the presence of a direct effect oi 
oxytocin in the mare’ (LeBlanc, 1997).

Anti inflammatory therapy

We reported on using corticosteroids for 
cases of chronic (lymphocytic) endometritis 
and were using them as a local intrauterine 
infusion (McKinnon and Voss, 1993). 
Brazilian workers were the first to report on 
the use of corticosteroids in dampening the 
acute inflammatory reaction to frozen semen 
(Dellaqua, Jr. et al., 2006). Treated mares 
showed a decrease in uterine fluid content. 
An increase in pregnancy rates from barren 
mares with a history of intense inflammatory 
uterine response was noted in treated versus 
not treated mares (P<0.05) (Dellaqua, 
Jr. et al., 2006). Oral administration of 
prednisolone (0.1 mg/kg) given every 12 
hrs for 4 days beginning 48 hrs before 
breeding was evaluated in barren mares that 
accumulated intrauterine fluid before and 
after mating. Prednisolone administration 
resulted in decreased neutrophil numbers 
in uterine fluids of barren mares, decreased 
uterine fluid, increased fluid clarity, and 
increased pregnancy rates (Dellaqua, Jr. 
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et al., 2006). However there was also a 
decrease in uterine neutrophil function.

A report of dexamethasone used in treatment 
in the pre and post breeding period to 
modulate the uterine inflammatory response 
is of interest to those breeding mares with 
post mating endometritis (Bucca et al., 
2008). ‘The present study describes the 
effect of a single dose of dexamethasone 
administered to mares at time of breeding. 
In an initial experiment, the authors 
investigated safety of treatment. In a second 
experiment the effect of treatment on the 
uterine environment, fetal development and 
pregnancy outcome was examined. In the 
final part of the study, mares susceptible to 
persistent mating induced endometritis were 
identified, by means of a risk factor score 
system and the effect of treatment evaluated. 
Results indicated that dexamethasone 
administered at breeding time did not 
negatively impact on mares medical and 
reproductive traits. A reduced inflammatory 
response was observed post-mating in 
treated versus control mares and mares 
with multiple risk factors for susceptibility 
to persistent mating induced endometritis 
showed improved pregnancy rates following 
treatment. The authors concluded that a 
single dose of dexamethasone administered 
at the time of breeding is safe and can be 
used to modulate the uterine inflammatory 
response to breeding in susceptible mares’ 
(Bucca et al., 2008).

A study not often quoted was apparently the 
very earliest to look at corticosteroids on 
inflammatory changes in the endometrium 
(Mcdonnell and Watson, 1993). ‘Mares with 
experimentally-induced endometritis were 
treated systemically with a therapeutic dose 
of 40 μg/kg bodyweight of dexamethasone 
sodium phosphate by intravenous injection 
for three consecutive days in the presence 
or absence of intrauterine antibiotic 
treatment. The cytologic, microbiologic, 
ultrasonographic and histologic responses of 
the uterus to treatments were monitored. The 
dexamethasone-only treated mares showed 
a greater inflammatory response to infection 
than any of the other treatment groups, 
especially as judged by endometrial histology 
where there was widespread neutrophil 
and plasma cell infiltration of the stratum 
compactum and stratum spongiosum. Mares 
treated with antibiotic or antibiotic plus 
dexamethasone showed only a mild degree 
of endometrial inflammation. This study has 

demonstrated that, at the dose level used 
in this experiment, dexamethasone sodium 
phosphate did not appear to have any 
beneficial therapeutic effects in reducing the 
inflammation associated with endometritis 
compared to treating with antibiotic alone’ 
(Mcdonnell and Watson, 1993). Why this 
study is at odds with the others quoted 
above is not known.

Intrauterine antibiotic therapy

Antibiotics instilled into the uterus after 
breeding appears axiomatic. However, 
consideration to MIC levels and drug 
interactions are important. Antibiotics 
administered intramuscularly are not 
commonly used as it is difficult to maintain 
MIC levels in the uterus compared to 
intrauterine administration. Obviously when 
the cervix closes and penetration of a 
progesterone dominated uterus could result 
in introduction of bacteria it is only possible 
to use systemic antibiotics (see comments 
on use later).

Drug  Dose per infusion     Comments

Ampicillin  2 gmb             Use only the soluble product;
                Susceptible Gram- positive 
                & E coli
Ceftiofur sodium 1gm             Resistant to many 
                beta-lactamases; broad 
                spectrum; save for resistant 
                organisms
Gentamicin  1-2 ga             Buffer with bicarbonate or 
                large volume of saline 
                (200 ml); Effective against 
                some S. zooepidemicus;
                Enterobacter spp., E.coli, 
                Klebsiella spp., Proteus spp.,
                Serratia spp, P. aeruginosa, 
                S. aureus
Gentamicin  1 g             Frequently used with 
                penicillin suspension (as below)
                qs to 60 ml
Penicillin 
(potassium) 5 million U             S. zooepidemicus
Penicillin 
(suspension) 4-5 gm             qs to 60 ml
Neomycin  4 gm            Gram-negative organisms;
               Some E.coli & some Klebsiella 
               spp.)
Neomycin/Penicillin 
suspension  2 gm Neomycin      qs to 60 ml
   4 gm penicillin
Enrofloxacin 250 mg            Diluted to 60 ml.
               Dangerous if more 
               concentrated.
Ticarcillin  6 gm            Gram-positive organisms;
               Effective against some 
               pseudomonas spp. Infuse 
               with a minimum of 200 ml 
               of saline
Ticarcillin  1-3 gm            qs to 60 ml
Ticarcillin – 
clavulanic acid 3-6 gm            Beta-lactamase inhibitor 
               confers greater activity against 
               Enterobacter; S. aureus, 
               B. fragilis; Infuse with a 
               minimum of 200 ml of saline
Ticarcillin – 
clavulanic acid 1-3 gm            qs to 60 ml
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Guidelines for administration of intrauterine 
antibiotics (Antibiotics and doses as 
suggested by Dr Leblanc are in normal font 
(LeBlanc, 2008) and where an alternative 
administration is used by the GVEH the rows 
are in bold font)

Buffered with equal volume of 7.5% 
bicarbonate and diluted in saline b Use at 
high dilutions because it can be irritating 
(Adapted from LeBlanc MM. The chronically 
infertile mare. Proc AAEP 2008; 54: 391-407 
(LeBlanc, 2008) (Antibiotics and doses as 
suggested by Dr Leblanc are in normal font, 
and where an alternative administration 
is used by the GVEH the rows are in bold 
font).

We routinely use a post breeding infusion 
on Thoroughbred breeding farms. Ceftiofur, 
Enrofloxacin, Penicillin, Ticarcillin (with or 
without Clavulonic acid) and Gentamicin 
are all available as a solution. In addition 
interaction with debris and other inflammatory 
products may frequently render antibiotic 
preparations inactive. Ultrasonography 
should be used to determine that there 
is not a need to perform lavage prior to 
antibiotic administration. It is pointless to 
administer antibiotics to mares with large 
volumes of uterine fluid.

The antibiotics used should be diluted in 
an appropriate volume to allow adequate 
contact with the majority of the endometrial 
surface without overloading with a volume 
that encourages immediate elimination of 
fluids. Our approach is to use ~ 60 ml in 
mares with a relatively normal sized uterus. 
Larger volumes may be needed in mares 
with a pendulous uterus, especially on 
foal heat for example. At least one study 
has demonstrated a higher endometrial 
concentration of antibiotic (Ticarcillin in this 
case) when the antibiotic was administered 
in 250 mls compared to the same amount of 
antibiotic in 60 mls (Spensley et al., 1986) 
(see below).

It is difficult to be dogmatic about antibiotic, 
amount and type. Pregnancy rates have been 
better (>70% per cycle) than most reported 
when a routine post breeding infusion of 
penicillin (suspension 4 gm) combined with 
1 gm of gentamicin and qs to 60 ml with 
LRS was employed on thoroughbred farms 
(Fennell et al., 2008;McKinnon, 1998d).

Others have demonstrated the improved 

pregnancy rates or decreased infection/
inflammation with routine post breeding 
treatments (Pycock, 1994;Pycock and 
Newcombe, 1996;Troedsson et al., 1995a). 
‘The effects on pregnancy rate of three 
different treatments to remove intrauterine 
fluid were assessed in 1267 mares. The 
mares were mated and allocated, in strict 
rotation, to four treatment groups: 1) 
untreated controls, 2) intrauterine infusion 
of broad spectrum antibiotics, 3) intravenous 
injection of oxytocin, 4) intravenous 
injection of oxytocin followed by intrauterine 
antibiotics. The pregnancy status of the 
mares was determined 13 to 15 days and 
27 to 30 days after ovulation by transrectal 
ultrasonography. 

The pregnancy rate of group 4 (72 per cent) 
was higher than that of group 2 (64 per cent, 
P < 0.01) or group 3 (63 per cent, P < 0.01). 
The pregnancy rates of groups 2 and 3 were 
higher than that of group 1 (56 per cent, 
P < 0.01). The treatment with antibiotics 
and oxytocin appeared to have an additive 
beneficial effect which suggested two 
different modes of action of the combination 
treatment, namely antibacterial activity and 
fluid drainage. In the untreated mares more 
fluid accumulated in the uterine lumen after 
mating, and this was the most likely reason 
for their lower pregnancy rate’ (Pycock and 
Newcombe, 1996).

‘Four intrauterine treatment strategies were 
evaluated for effectiveness in mares that 
were confirmed to be susceptible to chronic 
uterine infection. Pretreatment samples were 
obtained at detection of estrus, and a genital 
strain of Streptococcus zooepidemicus was 
infused into the uterus when a preovulatory 
(> 35 mm) follicle was detected. At 12 hours 
after inoculation, mares were assigned to 1 
of 4 selected treatment groups: autologous 
plasma, 100 ml (n = 5); potassium penicillin, 
5 million U in 100 ml of phosphate-buffered 
saline solution (PBSS; n = 5); 10 mg of 
prostaglandin F2 alpha in 100 ml of PBSS (n 
= 5)’ and large-volume lavage with normal 
saline solution (1,000 ml increments). A 
fifth group, treated with vehicle alone (100 
ml of PBSS), served as a negative control 
(n = 7). All treatments were administered 
into the uterus. To assess the effectiveness 
of the treatment, samples for culture and 
cytologic examination were collected at 
96 hours after bacterial inoculation. An 
effect of treatment was observed on the 
number of uterine neutrophils (P = 0.02) 
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and growth of S zooepidemicus (P < 0.01). 
Intrauterine treatment with potassium 
penicillin, prostaglandin F2 alpha, and large-
volume uterine lavage significantly reduced 
the growth of S zooepidemicus (P < 0.01) 
as well as the number of neutrophils (P 
< 0.02). Autologous plasma reduced the 
number of neutrophils (P < 0.05), but not 
growth of S zooepidemicus. There was 
significant correlation between the number 
of uterine neutrophils and growth of S 
zooepidemicus for each treatment group 
(r = 0.57; P < 0.05)’ (Troedsson et al., 
1995a).

What antibiotic to use should be ascertained 
from a culture and bacterial sensitivity (see 
chapter on Chrome Agar).

Studies on the pharmacokinetics and safety 
of administration of intra uterine deposition 
of antibiotics need to be broadened.

Some studies are listed 
below:

Gentamicin:

‘Endometrial tissue and blood serum 
gentamicin (GT) concentrations were 
determined in 6 ovariectomized pony mares 
given intrauterine infusions (50ml of a 5% 
commercial aqueous solution of GT) each 
day for 5 consecutivedays. The mares were 
subjected to the following 3 treatments: 
(1) GT infusion only (trial A, control); 
(2) progesterone plus GT (trial B, P +G); 
and (3) estradiol plus GT (trial C, E + 
G). Endometrial tissue concentrations of 
GT (micrograms/g) at 24 and 120 hours 
were significantly higher (P less than 0.05) 
in trials B (65.54 +/- 15.57 and 100.33 
+/-19.27) and C (73.33 +/- 22.53 and 
74.09 +/- 8.60) than in trial A (4.23 
+/-0.70). Endometrial concentration for 
trial A at 120 hours was also significantly 
higher than trial A at 24 hours. There was 
no significant difference (P greater than 
0.05) in endometrial concentrations among 
trials A, B, and C at 120 hours. Serum 
GT concentrations were significantly lower 
than endometrial tissue concentrations. 
The highest serum concentrations of GT 
found in every trial occurred at 6 hours 
after each intrauterine infusion of GT. The 
highest overall serum concentration of 
GT(micrograms/ml) determined occurred 
in trial B (8.30 +/- 1.28) at 78 hours. 
There was no significant difference in serum 

concentrations of GT between days of 
treatment, except for trial A at 78 and 102 
hours, respectively. Serum concentrations 
of GT were significantly higher (P less than 
0.05) than trial A at 30, 54, 78, and 102 
hours in trial B, and at 78 and 102hours in 
trial C. There was no significant difference in 
serum concentrations of GT between trials B 
and C’ (Pedersoli et al., 1985)

‘Nine Thoroughbred mares were used in an 
experiment to determine the effect of two 
intrauterine gentamicin infusions on the 
histologic reaction of the endometrium. Five 
mares had 40 ml gentamicin (50 mg/ml) 
mixed with 80 ml of normal saline infused 
into the uterus on two consecutive days. 
Four mares were used as controls and had 
120 ml of saline infused into the uterus on 
two consecutive days. Endometrial biopsies 
were taken from all mares on Days 1, 3, 
5, 8 and 13 after the second intrauterine 
infusion. 

Endometrial biopsies were scored for 
the presence of polymorphonuclear 
cells (PMNS) and mononuclear cells in 
the epithelium, stratum compactum and 
stratum spongiosum. Results were analyzed 
by logistic regression. There were significant 
differences in the inflammatory response by 
time (P lt 0.005), endometrial layer (P lt 
0.005), and treatment (0.05 lt P lt 0.1). the 
inflammatory response was greatest 3 and 
8 d after the saline infusion and 3 d after 
the gentamicin infusion. More inflammatory 
response was seen in the epithelium 
and stratum copactum than the stratum 
spongiosum. The gentamicin-treated mares 
had a less severe endometrial inflammatory 
response of shorter duration than the saline-
treated controls’ (Eilts et al., 1988)

Enrofloxacin:

‘Endometritis in mares is a common cause 
of infertility. Conventional treatments of 
the disease have mostly been unsuccessful, 
so new therapeutic alternatives need to be 
investigated. This study evaluated the uterine 
disposition and plasma pharmacokinetic 
behaviour of a commercial formulation of 
entrofloxacin (EFX) given by the intrauterine 
(i.u.) route (2.5 mg/kg) in healthy mares. In 
order to evaluate the uterine inflammatory 
response, an initial histopathological study 
assessing polymorpho-nuclear cell infiltration 
was carried out in 20 mares over a 14-day 
period after treatment. In a second study, 
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6 healthy adult mares were used for the 
pharmacokinetic study. Samples of uterine 
tissue, and plasma were collected from 0 
to 24 h after the i.u. Treatment with 5% 
EFX solution. Samples were analysed by 
conventional microbiological assay using 
an EFX-sensitive strain of Escherichia coli 
(ATCC 25922). There was a moderate but 
statistically nonsignificant inflammatory 
response following i.u. 

Administration of either the formulation or 
the vehicle alone. Pharmacokinetic analysis 
of the uterine concentrations of EFX showed 
a slow and sustained depletion, with EFX 
remaining at concentrations above the MIC 
for 24 h after treatment. The area under 
the concentration-time curve obtained for 
the uterus suggested that EFX and its 
metabolites are specifically retained in the 
uterus, which is the target tissue for bacterial 
colonization. Neither study provided any 
evidence of EFX toxicity. In conclusion, 
these results are encouraging and suggest 
that EFX may be a useful local treatment in 
mares with bacterial endometritis’ (Fumuso 
et al., 2002).

Ceftiofur

‘Transient acute endometritis enevitably 
follows breeding and foaling in mares. 
Mares that develop persistent endometritis 
exhibit poor fertility, which can be costly to 
breeders. Persistent endometritis usually is 
treated by intrauterine irrigation (infusion) 
with antibiotic solutions effective against 
the implicated pathogens; correction of 
predisposing anatomic factors, such as 
pneumovagina; and cycling the mare with 
prostaglandin. Ceftiofur is a late-generation 
cephalosporin that is active against a wide 
range of bacterial pathogens. It is approved 
in the UK, US, and several other countries 
for intramuscular administration in the 
horse for treatment of bacterial respiratory 
disease associated with Streptococcus 
zooepidemicus, Streptococcus equi, 
Pasteurella spp, and Staphylococcus spp. 
It is hypothesized that its broad spectrum 
of activity also might make it suitable 
for treating equine endometritis. Ceftiofur 
sodium has demonstrated activity against 
aerobic bacterial isolates from mares 
with endometritis. It was equivalent 
to or significantly more active in vitro 
than gentamicin, amikacin, penicillin G, 
and ticarcillin against Staphylococcus, 
Streptococcus, and Enterobacteriaceae 

spp. Serum and endometrial tissue 
concentrations of ceftiofur peaked at 1 
hour after intramuscular administration of 
2 mg/kg body weight, and endometrial 
levels exceeded the minimal inhibitory 
concentrations (MIC) for S zooepidemicus 
and Escherichia coli. In field trials, ceftiofur 
administered as an intrauterine treatment 
proved significantly better than treatment 
with saline solution, in increasing the 
conception rate, decreasing services to 
conception, and improving the fertility rate. 
It was also less irritating to the endometrial 
mucosae than was sterile saline. 

Finally, resolution of acute endometritis 
(based on endometrial culture and cytologic 
studies) in ceftiofur-treated mares occurred 
numerically more frequently than in mares 
treated with a mixture of benzylpenicillin, 
neomycin, polymixin, and furaltadone. A 
review of the existing microbial susceptibility, 
pharmacokinetic, and efficacy data suggests 
that ceftiofur will be both safe and effective 
for the treatment of equine endometritis’ 
(Luchsinger and Ricketts, 2000)

Ticaricillin

‘Plasma and endometrial tissue concentrations 
of ticarcillin were measured in healthy 
mares. In the first of the 3 separate phases 
comprising the study, ticarcillin disodium 
(30 mg/kg) was administered IV. The mean 
peak concentration in endometrial tissue, 
12.9 mu-g/g, was attained at 30 minutes. 
The plasma half- life of the drug in the 6 
mares was 0.83 +- 0.22 hour. Six grams of 
the drug was diluted in 250 ml of sodium 
chloride injection USP (2nd phase) and in 
60 ml of sodium chloride injection USP (3rd 
phase). These dilutions were administered 
by intrauterine infusion. In phase 2, the 
mean peak concentrations of the drug in 
plasma and endometrium were 2.76 mu-g/
ml and gt 150 mu-g/g, respectively, at 60 
minutes after it was administered. 

Endometrial concentrations gt 150 mu-g of 
ticarcillin/g persisted through 2 hours after 
the drug was administered. Mean peak 
plasma and endometrial concentrations of 
the drug in phase 3 were 2.78 mu-g/ml 
and gt 150 mu-g/g at 45 and 30 minutes 
after administration was done, respectively. 
At 1 hour after the drug was administered, 
endometrial concentrations of ticarcillin 
were significantly higher (P lt 0.01) after 
the drug was infused intrauterinely in the 
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250-ml volume than those after the 60-ml 
volume was infused. It was concluded that 
the volume of fluid in which the drug was 
infused into the uterus markedly influenced 
the duration of concentrations gt 20 mu-g/g 
in endometrial tissue’ (Spensley et al., 
1986)

‘Ticarcillin and clavulanic acid (potassium 
clavulanate) were administered to normal 
oestrous mares intravenously (i.v.) at a 
dose of 50 and 1.67 mg/kg for ticarcillin 
and clavulanate, respectively. In a crossover 
design, the same drugs were administered 
intrauterine (i.u.)at a dose of 12.4 and 
0.4 mg/kg for ticarcillin and clavulanate, 
respectively. The i.u, dose was administered 
in 100 mL of saline solution. Endometrial 
tissue biopsies and plasma samples were 
collected after drug administration for the 
determination of ticarcillin and clavulanate 
concentrations by high-pressure liquid 
chromatography and pharmacokinetic 
calculations. 

After i.u. Administration both drugs were 
poorly absorbed into the plasma. The 
ticarcillin half-life from tissue and plasma 
was short after i.v. Administration. Although 
concentrations in tissue were higher after 
i.u. Administration than i.v., concentrations 
of ticarcillin declined rapidly, which would 
necessitate frequent treatment in order 
to maintain drug concentrations above 
the minimum inhibitory concentrations 
(MIC) throughout the treatment period. 
Clavulanate concentrations in tissue were 
either low or persisted for only a short time 
after administration via either route. It 
appears that addition of clavulanate to the 
formulation for treatment of i.u. Infections 
in mares is of questionable value based 
on these concentrations’ (VanCamp et al., 
2000).

Immunotherapy

The earliest report on using non specific 
immune stimulation suggested an 
improvement in the numbers of nuetrophils 
after IM administration during oestrous 
(Zingher, 1993;Zingher, 1996). ‘Thirty-
seven mares, barren for at least one 
year, were diagnosed to have endometrial 
inflammation by cytological examination 
and/or bacterial culture. Sixteen of these 
mares (the control group) were treated with 
prostaglandin and reevaluated cytologically 
within 10 days of behavioral estrus. Fifteen 

out of sixteen (15/16) (93.8%) remained 
positive for endometrial inflammation. 
Twenty-one mares (immunologically treated 
group) were treated with Propionibacterium 
acnes by injecting 1 ml per each 113.3 
kilograms body weight intravenously on 
days 1, 3, and 7 following the diagnosis of 
endometrial inflammation. They also received 
prostaglandin. Twelve of the immunologically 
treated mates were examined cytologically 
as were the control mares. One of twelve 
examined (1/12) (08.3%) was positive 
cytologically for endometrial inflammation 
when examined within 10 days after 
behavioral estrus. The other nine mares 
in the treated group were bred on the 
first behavioral estrus following treatment. 
Nine of nine (9/9) were determined to 
be pregnant to 60 days gestation. The 
other treated mares were bred following 
the cytological evaluation. Eighteen of 
the twenty-one treated mares(18/21) (85 
7%) were confirmed pregnant to 60 days 
gestation’ (Zingher, 1996). More recent 
publications have examined the effects 
of two immune-modulators. The first is 
Propionibacterium acnes (named EqStim in 
Australia) and the second a cell-wall extract 
of Mycobacterium phlei (named Equimmune 
in Australia and Settle in the USA).

Propionibacterium acnes when administered 
to IM mares with a cytological diagnosis of 
persistent endometritis was associated with 
increased pregnancy and foaling rates. The 
effect was best when the immune stimulant 
was administered from 8 days before up 
to 2 days after breeding (Rohrbach et al., 
2007).

‘OBJECTIVE: To determine whether treatment 
with a preparation of Propionibacterium 
acnes would improve pregnancy and live foal 
rates in mares with persistent endometritis. 
DESIGN: Randomized placebo-controlled 
clinical trial. ANIMALS: 95 mares with a 
cytologic diagnosis of persistent endometritis. 
PROCEDURES: Mares were treated with P 
acnes or placebo (both administered IV) 
on days 0, 2, and 6. No attempt was made 
to alter additional treatments administered 
by attending veterinarians. Information 
on breeding history, physical examination 
findings, results of cytologic examination 
and microbial culture of uterine samples, 
additional treatments administered, breeding 
dates, results of pregnancy examinations, 
whether a live foal was produced, and 
reactions to treatment was recorded. 
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RESULTS: In multivariate logistic regression 
models, mare age, year of entry into the 
study, and first breeding within 8 days after 
first treatment with P acnes or placebo were 
significantly associated with pregnancy. 

Fewer number of cycles bred and younger age 
were significantly associated with delivery 
of a live foal in a separate multivariate 
analysis. Results of multivariate logistic 
regression modeling indicated that mares 
treated with P acnes were more likely to 
become pregnant and to deliver a live foal, 
compared with placebo-treated controls. 
CONCLUSIONS AND CLINICAL RELEVANCE: 
IV administration of P acnes as an adjunct 
to conventional treatments in mares with a 
cytologic diagnosis of persistent endometritis 
improved pregnancy and live foal rates. The 
optimal effect was detected in mares bred 
during the interval extending from 2 days 
before to 8 days after first treatment with P 
acne’s (Rohrbach et al., 2007).

The studies on Mycobacterium phlei 
are similarly convincing (Fumuso et al., 
2003;Fumuso et al., 2007). Taken together 
these indicate that immune stimulation can 
be expected to reduce neutrophil numbers 
in mares with persistent mating induced 
endometritis with a corresponding increase 
in pregnancy and foaling rates.

Other intrauterine therapies

Many intrauterine treatments have been 
advocated for use in mares with endometritis. 
Some have documented efficacy and others 
have not. Listed below are some of these 
agents.

Hydrogen Peroxide (H2O2):

Apparently we are one of the few that have 
looked at H2O2 for management of uterine 
infections. H2O2 is used to clean wounds 
and instruments. It is even used in a very 
dilute form to sterilise contact lenses. The 
reason we became interested in using 
H2O2 was recognition that H2O2 producing 
bacteria (Lactobacillus) apparently have a 
modulating effect that prevents overgrowth 
of pathogenic vaginal micro organisms in 
women (Verstraelen, 2008). H2O2 has been 
used successfully in women to treat difficult 
recurrent bacterial vaginosis (Cardone et 
al., 2003). Some interesting notes on H2O2 
are presented at the end of this chapter. 
We use as H2O2 as an ~ 1% solution. The 

commercial formula is 3% and we dilute it 
20 ml H2O2 qs to 60 ml with LRS.

This is repeated daily as necessary. We 
commonly add other antibiotics to the 
H2O2, but only after the use of sensitivity 
testing for the combination (antibiotic plus 
H2O2 – see chapter on Chrome Agar).

Iodine solutions:

Dilute iodine solutions are good antiseptics. 
However only very dilute solutions should be 
used (e.g. povidone iodine solution diluted 
to 0.05-0.10 % v/v in a litre of LRS).

Some iodine solutions are irritant (e.g. 
Lugol’s aka Tincture of Iodine) and high 
concentrations are dangerous. In general we 
do not use iodine solutions at our practice. 
Another consideration is the recognised 
decreased neutrophil function seen with 
exposure to iodine .(Blancquaert et al., 
1988)

‘One stallion and 24 mares were used in 
an experiment to evaluate the effect of 
postbreeding uterine lavage on pregnancy 
rate in mares. Mares were inseminated with 
250 times 10-6 progressively motile sperm 
every other day during estrus and were 
randomly assigned to one of three treatment 
groups: 1) no uterine lavage (control); 2) 
uterine lavage at 4 h post-breeding with 1 
L 0.9% saline; and 3) uterine lavage at 4 
h post breeding with 1 L 0.05% povidone-
iodine solution (PIS) in 0.9% saline. 
Pregnancy status was determined by Days 
15 and 21 post ovulation using transrectal 
ultra-sonography. 

Pregnancy rates for Group 1 (6/8; 75.0%); 
Group 2 (8/8; 100.0%); and Group 3 (7/8; 
87.5%) were similar (P = 0.87). Uterine 
lavage at 4 h post breeding did not adversely 
affect fertility. Results of a previous study 
indicated that uterine lavage with 0.05% 
PIS at 0.5 or 2 h post breeding reduced 
pregnancy rates in mares. An adverse 
effect o PIS on oviductal spermatozoa was 
suspected. The present study suggests that 
the timing of postbreeding uterine lavage 
may be more important than the lavage 
media, with regard to detrimental effects on 
fertility’ (Brinsko et al., 1991).

Povidone iodine is commonly less effective in 
skin disinfection than chlorhexidine (Jackson 
et al., 1979), however chlorhexidine is 
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dangerous when infused into the mares 
uterus and we do not recommend it. ‘Uterine 
irrigation was carried out in eight Welsh 
pony mares using 50 ml of chlorhexidine 
gluconate solution diluted to give active 
ingredient concentrations of 0.25 per cent 
to 2 per cent. Treatment was repeated up to 
twice in mares showing no adverse effects 
and irritancy of treatment judged on clinical 
symptoms and uterine biopsy. Results 
indicated the inadvisability of using a higher 
concentration than 0.25 per cent. Three 
daily applications of a diluted surgical scub 
solution containing 2 per cent chlorhexidine 
gluconate to the penis of an arab stallion 
failed to produce symptoms or irritation. An 
in vitro minimum inhibitory concentration 
test performed with the contagious equine 
metritis organism confirmed its high 
sensitivity to both chlorhexidine gluconate 
preparations’ (Jackson et al., 1979)

Kerosene:

Kerosene was first advocated by Charlie 
Roberts in New Zealand. Its widespread use 
is testament to the desperation that clients 
and veterinarians feel when faced with 
mares returning again and again to oestrous. 
Some spectacular results have attended 
the use of kerosene thus implicating the 
potential for irritant therapy. We do not 
routinely use Kerosene. Other forms of 
irritant therapy can be quite useful and 
look more professional. We use a powdered 
form of Mamyzin ( an ester of benzyl penicil 
named penethamate hydrochloride -5 gm) 
which is quite irritating when dissolved in 
30 ml of LRS.

DMSO:

Few studies have looked at DMSO. An 
improvement in lymphocytic infiltration 
and fibrosis was reported in some mares 
treated with 10-30% DMSO (Ley et al., 
1989). ‘The effects upon equine endometrial 
histological features produced by 10 to 30% 
concentrations of dimethyl sulfoxide (DMSO) 
in sterile saline were compared with the 
effects of sterile saline (0.9% NaCl) alone as 
an intrauterine infusion therapy in 16 barren 
mares. No harmful histological changes 
were noted (P gt 0.05) as a result of the 
therapy. Thirty percent intrauterine DMSO 
therapy produced a significant (P lt 0.01) 
improvement (i.e., reduction of chronic 
inflammatory cell infiltrates and reduction of 
periglandular fibrosis) in endometrial biopsy 

classification in 18 of the 27 barren mares 
evaluated; whereas only 2 of 18 barren 
mares improved following intrauterine 
saline treatment in the control group. In 
subsequent breeding trials, the pregnancy 
rates following intrauterine therapy were no 
different between DMSO-treated mares and 
saline-treated control mares (P gt 0.05); 
however, there was a trend toward a higher 
pregnancy rate following DMSO therapy. The 
inability to control for sire variability in the 
breeding trials may have contributed toward 
the result that no significant difference 
could be demonstrated in the pregnancy 
rates between treated and control mares’ 
(Ley et al., 1989).

Magnesium sulphate:

We have not used magnesium sulphate in 
the uterus of mares. In the study below 
an assessment of the therapeutic value of 
magnesium sulphate was not made.

‘A study was conducted to investigate the 
effect of magnesium sulfate solution on 
the equine endometrium using 7 treatment 
mares and 3 control mares. Treatment mares 
were infused with 128 grams of magnesium 
sulfate in one liter of 0.9% sodium chloride, 
while control mares were infused with one 
liter of 0.9% sodium chloride. Reproductive 
examinations, including palpation and 
ultrasound examination per rectum of 
internal genitalia, vaginoscopy, uterine 
culture, uterine cytology, endometrial 
biopsy, and hysteroscopy, were performed 
12 days prior to infusion and days 1, 7 
and 21 after infusion, Serum magnesium 
concentrations were assessed at 0, 1, 2, 
4, 6, and 12 hours post-infusion. The only 
statistically significant findings in assessed 
reproductive parameters was a more cloudy 
vaginal discharge and a higher biopsy score 
in control mares on day 1 post-infusion. 

These findings were not present at the day 
7 or 21 observation periods. This study 
demonstrates that intrauterine magnesium 
sulfate, used at the concentration described, 
did not result in harmful effects detectable 
by the parameters evaluated. It should 
be noted that assessment of the effect 
of magnesium sulfate on specific uterine 
pathologies or fertility was not made’ 
(Dascanio et al., 1998).
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Plasma:

Plasma contains complement and is thought 
to increase the efficiency of the mare’s 
cellular uterine defence mechanisms 
(Asbury et al., 1984;Asbury, 1984a). 
Despite controversy on the use of plasma 
(Adams and Ginther, 1989;Colbern et al., 
1987) some clinicians continue to use and 
encourage its use with reports of improved 
fertility in problem breeders (Pascoe, 1995). 
This study reported showed that with a 
group of 905 Thoroughbred mares treated 
with either nothing (controls), antibiotics 
and plasma or, antibiotics alone, that there 
was a higher pregnancy rate per cycle (P < 
0.05) in lactating mares of plasma/antibiotic 
infusion compared to control or antibiotics 
alone (67%, 53% and 57%) (Pascoe, 1995). 
Barren mares had a slightly higher (but not 
significant effect P < O.09) pregnancy rate 
than not treatment (Pascoe, 1995).

‘We evaluated the efficacy of intrauterine 
plasma infusion in mares as a treatment 
for infertility caused by endometritis and 
distinguished the effects of intrauterine 
infusion of plasma vs saline solution. forty-
three subfertile mares were randomly 
assigned to 1 of 3 treatment groups: 
untreated controls (n = 14), those treated 
by saline infusion (n = 14), and those treated 
by plasma infusion (n = 15). Reproductive 
status was assessed daily by transrectaly 
ultrasonography. Uterine aspirates and 
biopsy specimens were obtained 8 days 
after ovulation for cytologic and histologic 
evaluation, and mares were treated on 
days 12 to 16. Uterine aspirates and biopsy 
specimens were obtained again on day 8 of 
the next estrous cycle, and the mares were 
bred at the subsequent estrus. 

A postovulation intrauterine infusion of either 
plasma or saline solution was administered 
to mares in their respective treatment 
groups. Biopsy specimens were scored from 
1 (no indications of inflammation) to 6 
(severe inflammation). The pregnancy rate 
was lower (P lt 0.005) for mares with scores 
5 and 6 (0/5) than for those with scores 1 to 
4 (17/35). There was no significant effect of 
treatment nor a treatment to biopsy score 
interaction on pregnancy rate; however, 
the pregnancy rate for mares treated with 
plasma or saline solution (9/27) tended to 
be lower than for the control (untreated) 
mares (8/13). There was no change in mean 
biopsy score between specimens obtained 

before treatment and those obtained after 
treatment for the control group and the 
group treated with saline solution; however, 
there was a significant increase (P lt 0.05) 
in scores in the group treated with plasma. 
Averaged over all groups, the uterine 
aspirates of mares that became pregnant 
had more (P lt 0.01) healthy epithelial cells 
and fewer (P lt 0.01) neutrophils than mares 
that did not become pregnant’ (Adams and 
Ginther, 1989)

Other intrauterine therapies that play a 
specific role will discussed later in this 
chapter.

2) Other post breeding mare 
management

Final reproductive surgeries are completed 
on day 3-4 after ovulation (i.e. Caslick) and 
if further treatment is necessary such as 
anti-inflammatory or antibiotic therapy, it 
is administered systemically. Some mares 
are maintained on systemic antibiotics and 
phenylbutazone until an early diagnosis of 
pregnancy is possible at day 11 to 13 after 
ovulation. Phenylbutazone (1 to 2 gm daily) 
has been shown to prevent irritant PGF2-
alpha release in mares subjected to uterine 
biopsy in dioestrus (Ellsworth-Swihart et al., 
1985). It has been mentioned above that 
a reduced action of oxytocin is expected 
in mares treated with phenylbutazone. Its 
use is discontinued if inflammatory uterine 
fluid is detected after day 7 or when a 
negative pregnancy diagnosis is confirmed 
(day 14). Due to potential toxicity of chronic 
phenylbutazone administration (Collins and 
Tyler, 1985;Snow et al., 1981), it is used 
sparingly and discontinued after a foetus is 
detected within a vesicle (day 20 to 22).

Exercise

Apparently there is not much written on the 
effects of exercise on fertility. It is axiomatic 
to us that mares must be allowed to 
ambulate if the uterine tone is to evacuate 
fluids. It is well known that mares left in 
boxes for foal problems must be lunged or 
forced to exercise in order to keep uterine 
fluids to a minimum. Foals with ALD issues 
are often hand held and mares turned out 
into a round yard for 15 minutes twice daily 
at farms in our practice.
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3) Specific ‘problem mare’ 
challenges

a) Persistent chronic and/or acute  
endometritis

Mares that continue to produce large amounts 
of uterine fluid after ovulation, for multiple 
cycles, despite intensive management, may 
be poor candidates for future reproductive 
performance. These mares often have mild 
acute and severe chronic endometritis with 
varying degrees of fibrosis. After discussion 
with the client, and with informed consent, 
irritant therapy may be used. The response 
to irritant therapy is acute endometritis 
which initiates stimulation of mechanical 
cellular and humoral responses. 

However, caution is advocated as individual 
sensitivity sometimes results in irreversible 
degenerative changes with scarring and 
uterine adhesions (Mather et al., 1979). 
Without having informed consent of the 
client, one could perhaps be susceptible 
to malpractice claims if severe reaction 
and sclerosis occur after use of irritant 
intrauterine therapy. A more logical approach 
is milder irritation with dilute povidone 
iodine, hypertonic saline or bacteria-free 
filtrates of streptococcal cultures (Couto and 
Hughes, 1985).

Mares that fail to clear bacterial and or 
fungal pathogens on repeated treated cycles 
may have one or more of the following 
problems.

1) Failure of therapeutic agents to reach 
the target. This may be associated with 
mucous or debris that either inactivates 
or prevents action of therapeutic agents 
(Causey, 2006;Causey, 2007).

2) Re-infection due to contamination of the 
clitoral sinus, vestibule or vagina and or 
failure to repair external conformation 
defects

3) Resistance of bacteria to antimicrobial 
therapy. This resistance may be 
mediated by biofilm production 
(see below for discussion on biofilm 
significance) or genetic drift

4) Cessation of therapy before the 
organism is eliminated

5) Development of other bacteria or fungi 
as a result of treatments that allow 
overgrowth of less or non sensitive 
organisms.

Biofilm production has been recognised 
for some time now in human medicine 
as a reason certain bacteria are unable 
to be removed from either surfaces, such 
as implants or tissues. Biofilm production 
is thought to be related to colonisation 
of some specific bacteria that gain an 
advantage by its production, such as 
Pseudomonas aeruginosa and certain strains 
of staphylococcus.

‘Bacterial biofilm formation is the prevailing 
microbial lifestyle in natural and manmade 
environments and occurs on all surface types. 
Biofilm formation develops in several phases 
and is influenced by various parameters, both 
environmental and inherent to the attaching 
cell. Biofilms also serve as protective niches 
for particular pathogens when outside a 
host. Although it is accepted that biofilms 
are ubiquitous in nature, the significance 
of biofilms in clinical settings, especially 
with regard to their role in medical-related 
infections, is often underestimated. 

It has been found that several aspects of 
human pathogenesis within a clinical context 
are directly related to biofilm development. 
Various types of surfaces in clinical settings 
are prone to biofilm development and an 
increased risk of disease may be a direct 
consequence of their formation. This review 
describes the process of biofilm formation, 
highlights the importance of bacterial 
associations with surfaces in clinical settings 
and describes various methods for biofilm 
visualization and contro’ (Lindsay and von 
Holy, 2006)

‘Micro-organisms commonly produce biofilm, 
a polymeric matrix that is adherent to inert 
or living substances and frequently forms 
on environmental surfaces, medical devices, 
and traumatized or compromised living and 
nonviable necrotic tissues such as wounds. 
The micro-organisms in a biofilm interact 
with each other and their environment. They 
are refractory to conventional therapy and 
resist conventional methods for culturing; 
their coordinated activities can lessen the 
effect of antimicrobials and the host’s 
defenses. The multifactorial mechanism of 
resistance varies and depends, in part, on 
the strain of the micro-organism. A biofilm is 
dynamic and may shed bacteria or bacteria 
may be released by trauma, resulting 
in local or systemic infectious disease. 
Released bacteria lose their protection - 
they become responsive to appropriate 
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levels of antimicrobials and may be cultured 
using conventional culturing methods. 
Micro-organisms in biofilms may remain 
dormant for weeks or years before causing 
local or systemic signs and symptoms of 
infection and are commonly responsible for 
recurring infections after repeated trials of 
antibiotics. Most biofilm infection-related 
research findings have not reached clinical 
practice yet. However, clinician knowledge 
about the development of and difficulties 
culturing micro-organisms in biofilms and 
their resistance to antibiotics and biocides 
may lead to improved clinical outcomes 
in soft tissue and bone infections and the 
treatment of wounds’ (Saye, 2007).

Treatments to remove biofilms thus exposing 
bacteria to therapeutic agents have revolved 
around phages and solvents and some novel 
technology. One publication in horses has 
examined the use of EDTA (Kirkland et al., 
1983).

‘Five isolants of Pseudomonas aeruginosa 
collected from clinical cases of equine 
genital infection and one standard 
strain of P. aeruginosa were exposed to 
various concentrations of ethylene-
diaminetetraacetic acid (EDTA) and tris 
(hydroxymethyl) aminomethane (tris buffer 
pH 8) and EDTA-tris lysozyme. Colony forming 
units of the isolants and minimal inhibitory 
concentrations for 11 antimicrobial agents 
were determined with each isolant before 
and after exposure to the EDTA solutions. 
Decreased cellular viability was found with 
all six isolants after exposure to the EDTA-
tris solutions. Reversal of antimicrobial 
resistance was variable and unpredictable. 
These effects were not enhanced by the 
addition of lysozyme. The results suggest 
that EDTA-tris could be a useful adjunct in 
treating equine genital infections caused by 
Pseudomonas aeruginosa’ (Kirkland et al., 
1983). In her review paper on breeding the 
chronically infertile mare Dr. LeBlanc has 
revealed some experiences with EDTA tris 
that have resulted in pregnancies, however 
no further data have been reported yet 
(LeBlanc, 2008).

b) Repeated early embryonic death 
(EED)

Acute and chronic infections that are not 
managed adequately are the most likely 
reason for recurrent positive early pregnancy 
tests followed by EED (McKinnon, 1998d). 

These result in chronic inflammatory 
endometritis (lymphocytic) and failure to 
support the nutritional or immuo-protective 
challenges of the developing conceptus.

There are a variety of strategies employed 
by us to manage this problem.

Firstly mares are treated aggressively whilst 
in heat and for as long as possible whilst the 
cervix is open. Secondly anti-inflammatory 
treatments are instigated. These may be in 
the form of corticosteroids or phenylbutazone 
but they begin typically when the mare is 
still in oestrous and continue for at least 
4-7 days. Thirdly these mares treated with 
immune stimulation (as above) at least 
once whilst in heat and then again at day 
14, 30 and 45 days. Please note at the time 
of writing this is an ‘off label’ use for this 
class of therapeutic agent, used in pregnant 
mares. Finally these mares are placed on 
antibiotics systemically at service and then 
every month throughout pregnancy. We 
have been using antibiotics throughout 
pregnancy since around 1990 and were 
responsible for the widespread introduction 
of the practice (McKinnon, 1998d) at least 
in Australia. See below for a more in depth 
discussion of these agents and the use of 
supplemental progesterone.

c) Repeated positive culture

Bacterial

This mostly has been discussed above, 
however the key to managing these mares 
(if possible) is vigilance and persistence. 
For example for best management mares 
can be examined twice per day instead of 
the more traditional approach of once per 
day. A culture of the clitoris may reveal 
the specific bacteria is residing there and 
re-contaminating the cranial reproductive 
tract. Re-culture twice per cycle may identify 
a pathogen that was not identified or being 
treated for that cycle etc.

Fungal

An excellent review on fungal endometritis 
has recently been published (Dascanio, 
2007). Fungal endometritis is mostly 
associated with older mares, although we 
have seen it in maiden mares (usually treated 
with multiple intrauterine antibiotics by well 
meaning owners). The common association 
in our practice is previous treatment with 
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antibiotics and often on multiple occasions 
for multiple cycles. Fungal infection can 
be caused by yeasts or moulds. Yeasts 
typically are Candidia species with the most 
common being Candidia albicans, although 
since the advent of Chrome Agar diagnostic 
work at our laboratory (see chapter in 
this proceedings), multiple other Candida 
species have been identified. Moulds are 
more often Aspergillus sp.

It is thought in humans that Candida sp can 
be a normal commensurate organism and 
that disturbance of the normal microflora 
allows its proliferation. Fungi have different 
cell wall structures than bacteria and thus 
are resistant to common antibiotics.

Considerations for treatment are primarily 
to remove any inflammatory debris with 
lavage before infusion of the anti fungal 
agent. During and following treatment, 
modification of factors that may have been 
involved with the establishment of the 
problem are addressed, such as repair 
of conformational faults and treatment of 
yeasts in the vagina or clitoral area.

In our practice all Candida sp are treated with 
H2O2, multiple times per cycle. Typically 20 
ml of a 3% H2O2 stock solution is added 
to 40 ml of LRS (final H2O2 concentration 
of 1%) and infused into the uterus. We 
encourage breeding on the cycle as long 
as we have at least one treatment prior 
to breeding. Mares are treated at least 
twice after breeding. Using this treatment 
regime we have little return positive culture 
results.

Aspergillus and other moulds are often more 
resistant. Aspergillus and other moulds 
develop hyphae that typically invade deeper 
tissues. We have had good success treating 
Aspergillus with H2O2 but have not treated 
as many as mares treated for Candida 
infections. In one instance when we did not 
affect a cure for a mare with an Aspergillus 
infection by using H2O2 we were successful 
infusing Fluconazole solution (compounded 
for occular lavage medication).

Reported antifungal treatments are 
Clotrimazole (500-700 mg), Nystatin (0.5-
1.0 million units), Amphotericin B (100-200 
mg) and Fluconazole (100 mg)(Dascanio, 
2007).

MANAGEMENT OF 
PREGNANCY AND 
PUERPERAL PERIOD

The incidence of early embryonic death and 
abortion is higher in mares that are difficult 
to get into foal. Pregnancy wastage is 
mediated by a) luteolysis from PGF2-alpha 
release from an inflamed endometrium, 
(Neely et al., 1979) or, b) absence of a 
pregnancy-specific factor secreted by a 
viable conceptus that functions to maintain 
ovarian steroid production (McDowell et 
al., 1988) and c) failure of a damaged 
or compromised uterus to adequately 
nourish or support foetal development 
(Kenney, 1978a;Kenney, 1978b). Genetic 
abnormalities would not appear to be a 
major factor contributing to equine early 
embryonic death after day 7 (Romagnano 
et al., 1987). Despite the absence of any 
experimental evidence that a primary 
deficiency of progesterone production is a 
significant cause of equine pregnancy loss, 
many mares throughout the world are treated 
with natural progesterone or synthetic 
progestogens (Allen, 1984;McKinnon et al., 
1993a;McKinnon et al., 2000). 

There is much documented literature on 
doses needed to maintain pregnancy in 
mares ovariectomised between 20 and 
80 days of pregnancy (Hinrichs et al., 
1985;McKinnon et al., 1988;Shideler et 
al., 1981). Progesterone, which is the only 
maternal hormone needed to maintain early 
pregnancy (Holtan et al., 1979;Shideler et 
al., 1981) is primarily ovarian in origin until 
day 100-150. The placental unit begins to 
secrete progestins from around day 60, 
however they are not capable of maintaining 
pregnancy in ovariectomised mares until 
after day 80 (Holtan et al., 1979). Currently 
it is difficult to decide when progestogen 
therapy is appropriate and then, after 
initiation, when and how to withdraw it. 

Exogenous progestogen therapy will maintain 
pregnancy when luteolysis is mediated by 
PGF2 secretion from inadvertent iatrogenic 
administration (Kastelic et al., 1987), 
administration of powerful endotoxins (Daels 
et al., 1987)) or failure of the conceptus to 
signal pregnancy associated with restriction 
of early conceptus mobility (McDowell et al., 
1988). In these cases, supplemental therapy 
can be withdrawn after secondary corpora 
lutea formation or after the placenta is 
the primary source of progestins, however 
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therapy should begin prior to the expected 
decline in peripheral progesterone levels.

When problem mares are diagnosed pregnant 
at the GVEH, further therapy is determined 
by the amount of inflammation and infection 
at the time of breeding, presence or absence 
of uterine fluid at the initial pregnancy 
diagnosis and previous history of early 
embryonic death or abortion. When uterine 
fluid is detected 1 or 2 days after ovulation, 
the incidence of early embryonic death 
is dramatically increased (McKinnon et 
al., 1987a). Similarly, luminal fluid with a 
positive early pregnancy diagnosis suggests 
a poor prognosis for embryonic survival 
(Adams et al., 1987;McKinnon et al., 1987a). 
These mares are treated with appropriately 
selected antibiotics and corticosteroids or 
phenylbutazone for 5 to 7 days, then 
re-evaluated. Other treatments to consider 
are immune modulation and corticosteroids 
systemically. When pregnancy continues, 
antibiotics are administered for 5 consecutive 
days every month. 

As with many treatments of endometritis, 
there is no experimental data available to 
document the efficacy of such treatments. 
However, at the GVEH we have been using 
this approach for many, many (16 plus) 
years now and have little doubt that the 
number of mares maintaining pregnancy is 
much higher than those mares not treated. 
Please recognise that it may not be possible 
to actually provide valid significant scientific 
data from these studies. When a mare has a 
history of habitually aborting or experiencing 
EED, the decision of whether to supplement 
or not with progestins is largely at the 
discretion of the owners. Many owners, 
having invested so much time and money 
in getting the mare pregnant, will feel 
compelled to supplement regardless of lack 
of documented efficacy and our discussions. 
Failure of multiple different forms of 
progestagen therapy to maintain pregnancy 
in ovariectomised or prostaglandin treated 
mares has been an interesting observation 
(McKinnon et al., 1993a;McKinnon et al., 
2000) that has highlighted an even more 
important wastage in time, money and lack 
of specified effect.

Working with problem mares may be an 
enriching experience for the veterinarian. It 
certainly is an expensive experience for most 
clients. The lack of experimental evidence 
documenting efficacy of various intrauterine 

treatments is somewhat embarrassing and 
reflects the absence of a good experimental 
model for susceptibility to infection. However, 
the pathophysiology of various contributors 
to uterine defence in the mare appears to 
be gradually elucidated.

Appendix:

Abstracts on H2O2 use in human 
medicine.

‘The authors have evaluated the real efficacy 
of using hydrogen peroxide for previously 
treated recurrent bacterial vaginosis that 
is resistant to other forms of treatment. 
METHODS: The study included 58 women 
aged between 18 and 42 years old. Vaginal 
irrigations with 30 ml of hydrogen peroxide 
(3%) were prescribed in the evening for 
a week. The follow-up was carried out 
3 months after the end of treatment. 
RESULTS: The results clearly show that 
the use of hydrogen peroxide in vagina can 
eliminate the main symptoms of bacterial 
vaginosis, and in particular the malodorous 
leucoxanthorrhea in 89% of cases at 3 
months after the end of treatment, a result 
that is comparable to that obtained using 
metronidazole or clindamycin as a vaginal 
cream. 

Moreover, hydrogen peroxide facilitates 
the restoration of normal vaginal bacterial 
flora (represented by H202-producing 
lactobacillus) in 100% of cases and normal 
acid pH (pH<4.5) in 98% of cases; it also 
fosters the disappearance of clue cells from 
vaginal smears and anaerobic pathogenic 
flora from vaginal secretions in 100% of 
cases. The amine test became negative 
in 97.8% of cases. All results underwent 
statistical analysis and were found to be 
statistically significant.

CONCLUSION: Hydrogen peroxide 
represents a valid alternative to conventional 
treatments for recurrent bacterial vaginosis, 
and associates the absence of collateral 
effects with low costs, excellent tolerability 
and real therapeutic efficac’y (Cardone et 
al., 2003)

‘The etiology of bacterial vaginosis (BV) is 
poorly understood, but better definition of 
the risk factors associated with its acquisition 
should improve our understanding of this 
complex disease entity. METHODS: A 
longitudinal cohort study of young sexually 
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active women was conducted to identify 
variables associated with BV acquisition. 
Seven hundred seventy-three women 
without BV at enrollment were followed at 
4-month intervals for 1 year. At each visit, 
demographic and behavioral interview data, 
a vaginal smear for the Gram stain diagnosis 
of BV, and a serum sample for detection 
of herpes simplex virus type 1 (HSV-1) 
and HSV-2 type-specific antibodies were 
collected. RESULTS: The overall incidence 
of BV acquisition was 36 cases/100 woman-
years (223 acquisitions of BV during 619 
woman-years of follow-up). 

Acquisition of BV was independently 
associated with black race, cigarette 
smoking, vaginal intercourse, receptive anal 
sex before vaginal intercourse, sex with an 
uncircumcised male partner, lack of vaginal 
H2O2-producing lactobacilli, and the detection 
of HSV-2 serum antibodies at the visit 
before BV acquisition. Longitudinal analyses 
revealed that HSV-2 serum antibodies were 
independently associated with loss of H2O2-
producing lactobacilli. CONCLUSIONS: Our 
findings suggest that multiple and diverse 
risk factors can contribute to BV acquisition. 
They also illustrate why a more complete 
understanding of BV pathogenesis and 
the formulation of effective BV prevention 
strategies have been elusive. Further work 
will be needed to determine the specific 
effects of HSV-2 infection on vaginal flora 
composition and the acquisition of BV’ 
(Cherpes et al., 2008)

‘Recurrent bacterial vaginosis is a challenge 
for those affected by it, and their physicians. 
Our inability to prevent relapse after 
treatment, may be because of the flawed 
approach of using antibiotics to treat a 
condition that is an imbalance rather than 
an infection. The maintenance of a healthy 
lactobacillus population offers an approach 
to preventing relapse: the problem is how 
best to do this. Physiological approaches 
such as the use of hydrogen peroxide, lactic 
acid, and exogenous lactobacilli need to be 
explored further’ (Hay, 2005)

‘Bacterial vaginosis is a synergistic 
polymicrobial syndrome characterized by 
depletion of Lactobacillus spp., especially 
those that produce hydrogen peroxide, 
and an intense increase in the quantity 
of commensal vaginal anaerobic bacteria 
to 100- to 1000-fold above normal levels. 
While the bacterial spectrum of these 

organisms has long been known to include 
Gardnerella vaginalis, Prevotella spp., 
anaerobic Gram-positive cocci, Mobiluncus 
spp. and Mycoplasma hominis, innovative 
use of molecular diagnostics has identified 
novel species apparently associated with this 
syndrome, including Atopobium vaginalis. 
Effecting resolution of bacterial vaginosis is 
important, in particular for the 8 to 23% of 
women afflicted with symptomatic disease 
during their reproductive years. 

Bacterial vaginosis has been consistently 
associated with numerous adverse sequelae 
related to the upper genital tract, including 
pelvic inflammatory disease and postsurgical 
infection in the setting of invasive gynecologic 
procedures, and may increase women’s risk 
of acquiring HIV infection. Pregnant women 
with bacterial vaginosis experience a higher 
rate of preterm delivery and low-birth-
weight infants. While antibiotics with activity 
against anaerobes--typically, metronidazole 
and clindamycin applied vaginally or taken 
orally--are the mainstays of therapy, 
bacterial vaginosis frequently recurs. For 
these reasons, innovative approaches to 
therapy are urgently required’ (Marrazzo, 
2004)

‘This review focuses on the use and potential 
of Lactobacillus to prevent infections of 
the urogenital and intestinal tracts. The 
presence and dominance of Lactobacillus 
in the vagina is associated with a reduced 
risk of bacterial vaginosis and urinary tract 
infections. The mechanisms appear to 
involve anti-adhesion factors, by-products 
such as hydrogen peroxide and bacteriocins 
lethal to pathogens, and perhaps immune 
modulation or signaling effects. The 
instillation of Lactobacillus GR-1 and B-54 
or RC-14 strains into the vagina has been 
shown to reduce the risk of urinary tract 
infections, and improve the maintenance 
of a normal flora. Ingestion of these strains 
into the gut has also been shown to modify 
the vaginal flora to a more healthy state. 

In addition, these strains inhibit the 
growth of intestinal, as well as urogenital 
pathogens, colonize the gut and protect 
against infections as shown in mice. Other 
probiotic strains, such as Lactobacillus 
GG, have been shown to prevent and 
treat gastroenteritis caused by rotavirus 
and bacteria. Given that lactobacilli are 
not the dominant commensals in a gut 
which comprises around 10(10) organisms, 
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much work is still needed to define the 
mechanisms whereby GR-1, RC-14, GG and 
other strains contribute to health restoration 
and maintenance. Such critically important 
studies will require the medical science 
community to show a willingness to turn 
away from pharmaceutical remedies as the 
only solution to health and disease’ (Reid 
and Burton, 2002)

‘A 10-year review of Ps. aeruginosa and 
Staph. aureus susceptibility to various 
topical agents is presented. Susceptibility 
testing was performed using the agar well 
diffusion (AWD) method. A reduction in 
microbial growth to numbers less than 
10(5) per gram of tissue in the wound, 
measured by quantitative biopsy, was 
compared with predicted susceptibility test 
results. In this measurement of clinical 
efficacy, silver sulphadiazine and mafenide 
acetate compared most favourably with 
AWD results, 83 per cent and 82 per cent 
respectively. However, nitrofurazone only 
reduced bacterial counts to less than 10(5) 
per gram 42 per cent of the time when an 
inhibition zone was present. 

Hydrogen peroxide solution (1 per cent) 
was 100 per cent effective by the AWD test, 
but no relationship to clinical efficacy could 
be shown. Minimal inhibitory concentration 
(MIC) data for gentamicin sulphate was 
compared to AWD and showed a positive 
relationship of greater than 80 per cent for 
both organisms. The AWD test has been a 
useful aid in the decision-making process 
for the choice of topical agent by providing 
data which eliminates agents inappropriate 
for use’ (Thomson et al., 1989)

‘Under physiological conditions, the vaginal 
primarily harbours lactobacilli which ideally 
confer in mutualism with the vaginal 
epithelium colonisation resistance to other 
micro-organisms, thereby preventing 
ascending or systemic infection. Albeit 
only a few Lactobacillus species constitute 
the vaginal microflora, huge species- and 
strain-specific differences occur however, 
and these differences account for a wide 
variability in the intrinsic capability of 
the Lactobacillus microflora to maintain 
the vaginal ecosystem. Hence, among a 
substantial proportion of women, the picture 
of lactobacilli-driven mutualism is actually 
less ideal than one may assume. As the 
vagina is incessantly subjected to cyclic 
changes as well as behavioural exposures 

that may challenge the perpetuation of 
the Lactobacillus microflora, the intrinsic 
stability of the resident microflora is 
paramount to women’s health. Considering 
the close concordance between the rectal 
and vaginal lactobacilli, future research 
may benefit from the study of food, oral, 
and intestinal microbiology in relation to 
the vaginal Lactobacillus microbiota. Loss of 
the hydrogen peroxide producing lactobacilli 
accompanied by massive anaerobic 
overgrowth is observed with bacterial 
vaginosis. Molecular studies of the bacterial 
vaginosis microflora have recently revealed 
a tremendous species variability further 
documenting the complex polymicrobial 
nature of this condition. Emerging issues 
include the predominance of G. vaginalis, 
a normal microflora constituent possibly 
eliciting a host of virulence mechanisms at 
increasing concentrations through quorum 
sensing, the associated abundance of A. 
vaginae as a rather specific marker of 
therapy failure and disease persistence or 
recurrence, and the discovery of an adherent, 
metronidazole-resistant biofilm consisting of 
the latter two species’ (Verstraelen, 2008)
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Studies on Ovuplant 
from the GVEH

Introduction

Induction of ovulation at a precise time may 
be an advantage to the equine practitioner 
for the following reasons: (a) to ensure 
ovulation occurs within 36-48 h of mating 
to stallions with normal fertility and thus 
prevent rebreeding, (b) appointment 
servicing for mares transported to stallions, 
(c) to ensure a single insemination for a 
problem broodmare, (d) to ensure ovulation 
close to the time of artificial insemination of 
cooled transported or frozen semen or for 
mares mated to stallions with low fertility 
associated with poor sperm longevity, and 
(e) to separate inseminations when many 
mares are presented in oestrus at the same 
time.

Initially human chorionic gonadotrophin 
(hCG) was the only commercially available 
preparation for induction of ovulation at 
36-48 h when administered to a mare in 
early oestrus with a 30-40 mm follicle. 
Drawbacks to the use of hCG are that it is 
of human derivation which may influence 
purity or supply and refractoriness has been 
noted after multiple treatments associated 
with antibody formation.

An alternative agent to hCG for the induction 
of ovulation such as GnRH or analogues 
may be beneficial for the following reasons: 
(a) its smaller molecular weight make 
it less antigenic thus allowing multiple 
administration within the same breeding 
season while still reliably inducing ovulation, 
(b) it may be used in alternate cycles with 
hCG, (c) because it is a pure synthetic 
product there is no probability of viral 
contamination, and (d) supply would not be 
related to availability of pregnant women.

In this study below we examined whether an 
analogue of GnRH (deslorelin-“Ovuplant”) 
released from an implant in a controlled 
fashion over at least 72 h could consistently 
induce a luteinising hormone (LH) surge 
capable of predictably hastening ovulation.

1) A. O. McKinnon, A. M. 
Nobelius, S. T. D. Figueroa, 
J. Skidmore, J. R. Vasey, 
and T. E. Trigg. Predictable 
Ovulation in Mares Treated 
with an Implant of the GnRH 
Analog Deslorelin. Equine.
Vet.J. 25:321-323, 1993.

The experimental animals were part of a 
herd of 95 mares in good body condition, 
kept on pasture and given lucerne hay 
and grain supplement as necessary. They 
were studied between October 1990 and 
March 1991 at the Goulburn Valley Equine 
Hospital.

Mares were teased daily and ultrasonography 
was used to monitor follicular size and 
to determine ovulation and number of 
ovulations per cycle. Mares were examined 
every 3 days during dioestrus, daily during 
early oestrus and twice daily (06.30 and 
18.30 h) when a follicle > 30 mm in diameter 
was detected. Ovulation was diagnosed by 
absence of a previously identified pre-
ovulatory follicle (>30 mm diameter) and 
visualisation of the characteristic echogenic 
structure formed by the collapse of the 
follicular walls. All cycles were induced 
by luteolysis affected by administration 
of PGF2α on Days 7-10 after ovulation 
from mares that had follicles < 20 mm in 
diameter.

Only 61% of mares showed oestrus at 
some time before assignment. But 87% 
of mares became oestrus at some time 
before ovulation. This percentage was not 
markedly different from that expected and 
can be used to illustrate difficulties involved 
with assigning mares on teasing data only. 
In the absence of behavioural oestrus, 
assignment was accurately performed on 
follicle size, relaxing cervix and presence of 
endometrial folds.

Mean time to ovulation in higher doses of 
GnRH analogue (Ovuplant) were not different 
from that in hCG and both drugs significantly 
decreased time to ovulation compared to 
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controls. These results suggested that the 
appropriate dose and release profile of the 
GnRH analogue (deslorelin) was equally 
efficacious in inducing ovulation in cyclic 
mares when compared with hCG and were 
useful in deciding if other international 
studies would be commissioned. Other 
studies confirmed these findings and later 
the drug was released for commercial use.

Since the release of Ovuplant it has been 
widely accepted by veterinarians as a 
reliable ovulating induction agent. It has 
saved many mares from being re-bred when 
for a variety of reasons it was not possible 
to accurately predict the precise time of 
ovulation.

After the initial release and acceptance of 
the breeding industry of the new drug, it 
became apparent that other possible uses 
should be explored.

Mares in winter anoestrous have reduced 
gonadotropin releasing hormone (GnRH) 
synthesis and storage in the hypothalamus 
and decreased quantities of luteinising 
hormone (LH) in the anterior pituitary. 
Induction of ovulation in seasonally 
anovulatory mares in deep winter anoestrous 
cannot be recommended on commercial 
breeding farms due to 1) poor response to 
GnRH or analogues or multiple injections 
of equine pituitary extracts, or 2) failure 
of the mare to maintain the corpus luteum 
(CL) that resulted from induced ovulations. 
In one study it was concluded that constant 
administration of GnRH agonists may 
induce ovulation in mares during seasonal 
anoestrus; however, percentage of mares 
ovulating and the lack of reproducibility 
of effect indicated that this approach was 
inappropriate for use as a reliable method to 
manipulate breeding activity in commercial 
broodmares. Pulsatile administration of 
GnRH produced better results compared to 
constant infusion or absorption.

More success is obtained, however, when 
mares enter the transition period when the 
combined effects of photoperiod, nutrition 
and warmth, result in increased GnRH 
synthesis and storage. Progression through 
the transition period can be monitored 
hormonally or by determining the follicular 
population with ultrasonography. Expected 
response of early or mid transition mares 
to constant infusion of GnRH or analogues 
is 50-75% ovulation rate. Most mares will 

maintain the CL and late in the transition, 
mares respond more predictably. The 
GnRH analogue Deslorelin (“Ovuplant”) has 
been shown effective in increasing LH and 
predictably hastening ovulation in cycling 
mares. Published LH profiles in cycling 
mares suggest a dose dependent response 
with maximal effect in 12-24 hours and 
duration of 3-4 days after implantation with 
Ovuplant.

The report below describes our experiences 
with experimental administration of Ovuplant 
to mares in the transition period prior to 
their first ovulation of the breeding season.

2) A. O. McKinnon, J. R. 
Vasey, T. B. Lescun, and T. 
E. Trigg. Repeated use of a 
GnRH analogue deslorelin 
(Ovuplant) for hastening 
ovulation in the transitional 
mare. Equine.Vet.J. 29 
(2):153-155, 1997.

The experimental animals were part of a 
herd of 55-65 mares in fair to good body 
condition, kept on pasture and given lucerne 
hay and grain supplement as necessary. 
The studies were performed between July 
and November in 1994 (experiment 1) and 
1995 (experiment 2) at the Goulburn Valley 
Equine Hospital, Victoria, Australia.

Mares were teased daily and ultrasonography 
was used to monitor follicular size, determine 
ovulation and monitor the CL. Mares were 
examined every 2 days during transition and 
then daily after assignment to treatment. 
Ovulation was diagnosed by absence of a 
previously identified pre-ovulatory follicle 
(>30 mm diameter) and visualisation of the 
characteristic echogenic structure formed 
by the collapse of the follicular walls. 
Whenever possible mares were monitored 
to determine the time of the subsequent 
ovulation (inter-ovulatory interval).

The experiments were conducted over two 
breeding seasons. Mares were not bred.

Experiment 1:
In 1994, 21 early transitional mares were 
randomly assigned to either a control 
(n=10) or treated (n=11) group on the 
same day (September 29). Treated mares 
were implanted every other day with one 
implant of Deslorelin until either ovulation 
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had occurred or six implants had been 
administered.

Experiment 2:
In 1995, 20 late transitional mares were 
randomly assigned to either control or 
treatment groups after they were identified 
with a ≥ 30 mm follicle, were in heat 
and had endometrial folds demonstrated 
using ultrasonography. Treated mares 
were implanted every other day as above. 
Implants were placed subcutaneously in the 
neck in both experiments.

In 1994, utilising mares in early transition, 
we were able to demonstrate an apparent 
effect of the implants in hastening ovulation 
(ovulation in <10 days) in treated mares 
(6/11) versus controls (0/10). However, 
the mean ovulation date was not different 
between groups and reflected the effect 
of 5 mares that did not ovulate after 
treatment. Those 5 mares may have 
underwent some form of “down regulation” 
in GnRH receptors as their follicular size 
decreased quite clearly in comparison to 
control mares. This experiment highlighted 
the difficulty in selecting mares randomly 
for treatment during the early part of the 
transition period. The responses are similar 
to previous reports with GnRH therapies 
early in the transition.

In experiment 2 in 1995, we were able to 
demonstrate the ability of the implants to 
hasten ovulation late in the transition. The 
number of mares with a ≥ 30 mm follicle 
ovulating within 3 days of treatment (8/10) 
suggests that the procedure would be useful 
in predicting ovulation in transitional mares. 
Failure of mares to ovulate during transition 
into the breeding season is a major source 
of frustration to clients, breeding farm 
managers and veterinarians. The average 
number of implants needed was 2.1 and 
this may result in savings in decreased 
veterinary costs, decreased boarding 
charges, decreased teasing and handling 
and better usage of the stallion.

Each year, one mare in the treated group 
became anoestrus or transitional again and 
thus demonstrated ovulation may have 
been forced upon them prematurely. From 
this perspective it would appear prudent 
to wait until a transitional mare has 
demonstrated maturity of the reproductive 
axis by maintaining large (>30mm) follicles 
for a few days before initiating induction 

of ovulation. The increased inter-ovulatory 
interval detected in treated mares in 
experiment 2 may have been associated 
with premature entry into the cyclic season 
or may suggest a leuteotropic action of the 
implants. No progesterone measurements 
were taken and would be a logical area for 
further investigation.

In summary, it was demonstrated that 
accurate, timed ovulation was achieved 
during the late transition using multiple 
implants of Ovuplant. This regime is simple, 
may be cost effective and is expected to be 
useful for practicing veterinarians.

At this stage no studies had actually looked 
at what the expected time to ovulation (in 
hours) was after administration. This has 
important ramifications (see below). We 
decided that we should take a close look at 
some of the effects that various drugs may 
have on the reproductive cycle, in particular 
on time to ovulation.

3) A.O. MCKINNON, W.J. 
PERRIAM, T.B. LESCUN, J. 
WALKER, J.R. VASEY AND 
T.E. TRIGG*. Effect of a GnRH 
analogue (Ovuplant), hCG 
and dexamethasone on time 
to ovulation in cycling mares. 
World Equine Veterinary 
Review Vol 2 page 16-18, 
1997.

Induction of ovulation may be an advantage 
to the equine practitioner for the reasons 
listed above: In addition, induction of 
ovulation at a precise time is necessary for 
oocyte retrieval in gamete intrafollopian 
transfer (GIFT) in vitro fertilisation (IVF) 
or intracytoplasmic sperm injection (ICSI) 
programmes.

Most studies have examined hastening 
ovulation; however, there appears to be little 
information on delaying ovulation. Delaying 
ovulation would be particularly useful when 
organising transport of cooled semen. One 
study found that by administering the 
synthetic glucocorticoid, dexamethasone 
(30 mg/day) in midcycle (day 10 from 
ovulation) that only 1 of 8 mares exhibited 
behavioural oestrus, compared to 7 of 8 
control mares and ovulation occurred in 1 
and possibly in 2 treated mares, compared 
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to all 8 control mares. In addition there was 
a significant reduction in mean maximum 
luteinizing hormone (LH) concentration and 
follicle size.

Studies on hastening ovulation using 
human chorionic gonadotrophin (hCG) 
began in the 1940’s. Human chorionic 
gonadotrophin reliably induces ovulation 
at 36-48 h when administered to a mare 
in early oestrus with a 30-40 mm follicle; 
however, some question the use of repeated 
hCG in consecutive cycles as refractoriness 
has been noted after multiple treatments, 
perhaps associated with antibody formation. 
A GnRH analogue, “Ovuplant”, has been 
effective as an alternative for induction of 
ovulation in cycling mares and transitional 
mares. Apparently only two studies have 
directly compared hCG and Ovuplant and 
reported an ovulation interval of 1.88 and 
1.98 days and 43 and 46.9 h respectively. 
However both those and other studies have 
allowed an interval of 12 hours between 
examinations.

The purpose of this study was to examine 
the effect of dexamethasone on delaying 
ovulation when administered to mares 
with a mature follicle and in oestrous and 
to more accurately characterise the time 
interval from administration to ovulation 
with Ovuplant and hCG.

Experiment 1
When mares were detected with a follicle of 
≥ 30 mm, a softening cervix and endometrial 
folds, they were assigned to one of three 
treatments 1) Treatment intramuscularly 
every 12 hours until ovulation with 20mg 
dexamethasone (n=10 cycles), 2) Single 
subcutaneous administration of Ovuplant 
(n=10 cycles) and 3) No treatment (n=10 
cycles). Mares were examined for ovulation 
every twelve hours.

Experiment 2
Using the same assignment criteria as 
Experiment 1, mares were treated with either 
2500 IU hCG intravenously (n=26 cycles) or 
a single subcutaneous implant of Ovuplant 
(n=26 cycles). Mares were examined with 
ultrasonography for ovulation at least every 
2 hours from ~ 28 h after administration.

Experiment 1
Dexamethasone did not increase time to 
ovulation compared to controls. Ovuplant 
administration resulted in a significant 

decrease in time to ovulation (40.5 ± 6.2 
h) compared to either controls (61.3 ± 31.4 
h) (P<0.05) or dexamethasone treatment 
(54.6 ± 16 h) (P<0.05).

Experiment 2
Time to ovulation was significantly different 
(P<0.001) between hCG (35.9 h ± 3.8 h) 
compared to Ovuplant (40.7 ± 3.2 h) (Figure 
1). Data was removed for ovulation < 24 h 
from three cycles in hCG treated mares and 
2 cycles in Ovuplant treated mares.

Techniques to delay time to ovulation 
would be of benefit to practitioners and 
researchers by allowing delayed breeding or 
treatments. Dexamethasone was not able to 
delay ovulation as used in this study. Other 
techniques that may be considered are 
antisera against either the pituitary, follicle 
stimulating hormone (FSH), oestrogen, 
luteinizing hormone or even GnRH, or 
administration of inhibin, follicular fluid 
or progesterone. For any substance to be 
useful and practical it would need to be 
effective late in the cycle, after selection of 
the preovulatory follicle had occurred.

The finding of significant difference in time 
to ovulation of Ovuplant versus hCG has 
important clinical ramifications for those 
needing accurate ovulation times. At the 
GVEH we have used Ovuplant for breeding 
mares to frozen semen in the last three 
breeding seasons. A total of 26 and 54 
mares were bred for a total of 39 and 
98 cycles in the 1995 and 1996 breeding 
seasons. Whenever possible if hCG had been 
used the previous cycle, Ovuplant was used 
the next, however due to the recognised 
difference in time to ovulation between the 
two drugs, most commonly Ovuplant was 
administered. In our hands Ovuplant was 
administered at 6-7 P.M. on one day and 
then the mare next examined at + 24 h, 
again at +36 h (6-7 A.M.) and then hourly 
as indicated until ovulation. With this regime 
the mares ovulated during hours when there 
were many people available to handle and 
examine them. When using hCG to mimic 
the same examination schedule (daylight 
hours) the drug had to be administered at 
12 midnight and then the mares examined 
at +12 h, +24 h, +31 h (7A.M.) and then 
hourly as indicated.

Later in the breeding season it became 
even more critical to know the expected 
time of ovulation for in vivo matured oocyte 
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collection for ICSI experiments. In this 
study, due to time constraints, mares were 
all subjected to follicular aspiration at 39 
hours after Ovuplant. A total of 59 mare 
cycles were programmed for follicular 
aspiration. On 10 occasions (17%) ovulation 
had occurred prior to the time of aspiration, 
sometimes between identification of the 
preovulatory follicle and the aspiration 
attempt. Thirty two oocytes were recovered 
from 49 attempts (65%). Oocyte recovery 
was different (P< 0.001 ) for matured 
irregular follicles (30/38-79%) versus not 
matured follicles (2/11-18%).

Knowing the time of expected ovulation 
will have profound influences on accuracy 
of programming mares to ovulate at times 
were personnel of maximum experience 
and efficiency are available. Detected 
differences in time to ovulation of these two 
drugs will enable clinicians to determine 
which compound is most appropriate to 
be administered given the availability of 
personnel and time management.
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Summary

Ovuplant has been demonstrated to be 
effective to accurately predict the time of 
ovulation and has resulted in an increased 
awareness amongst the horse breeding 
fraternity that one breed per cycle is all that 
is necessary. We (GVEH) aim at a number 
of serves per cycle of 1.05. In other words 
we expect that after 100 mare cycles the 
stallions will have to serve 105 times. This 
has critical ramifications for stallions with 
poor libido, low sperm numbers and shuttle 
stallions with limited services per season. 
Using Ovuplant as outlined above will help 
achieve these objectives.

Studies from GVEH on 
Progesterone Administration 
to Pregnant Mares

Although in many cases pregnant mares 
are probably unnecessarily treated with 
progestins, they would appear to do no 
harm. An exception is mares that are 
chronically infected. Administration of either 
Altrenogest or natural progesterone to a 

chronically infected mare will enhance the 
infection process. The mare should first 
be scanned, cultured and a uterine biopsy 
obtained in order to confirm that she is 
not harbouring a uterine infection. Another 
exception is the use of compounds that are 
ineffective for the intended purpose, which 
may be an even bigger form of reproductive 
wastage. Hydroxyprogesterone caproate 
is commonly used in many countries 
and apparently it has not been critically 
studied. Despite lack of definitive studies on 
frequency of a primary luteal defect on early 
embryonic death or the relative contributions 
of stress, PGF2 release associated with 
uterine inflammation, genetic abnormalities 
or uterine infection, many veterinarians, 
breeding farm managers and mare owners 
are convinced of the beneficial effect of 
supplemental progestagens. Perhaps 
inappropriate administration of therapeutic 
substances that lack scientific documentation 
of efficacy are an even bigger form of 
reproductive wastage due to cost and lack 
of specified effect.

Mckinnon AO, Tarrida 
S, Nobelius AM, Hyland 
JH, Vasey JR: Failure of 
hydroxyprogesterone 
caproate to maintain 
pregnancy in ovariectomized 
mares. Equine Vet J. 25: 158-
160, 1993.

“Experimental animals were part of a herd 
of 95 mares in good body condition kept 
on pasture at the Goulburn Valley Equine 
Hospital and supplemented as necessary 
with lucerne hay and grain. Ultrasonography 
was used to assess follicular development, 
ovulation and to diagnose early pregnancy. 
Twenty five mares were inseminated with 
approximately 500x106 progressively motile 
spermatozoa when they showed oestrus in 
association with a follicle greater than 30 
mm in diameter. Fifteen mares diagnosed 
pregnant at day 14 after ovulation that 
had ovulated only one follicle were divided 
into three groups of five and treated as 
follows: Group A; supplemented with 500mg 
hydroxyprogesterone caproate administered 
IM every 7 days beginning on day 15 of 
pregnancy. Group B; supplemented with 
500mg hydroxyprogesterone caproate IM 
every other day beginning on day 15 of 
pregnancy. Group C; supplemented with 
0.044mg/kg of oral Altrenogest daily from 
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15 days of pregnancy. All mares were 
unilaterally ovariectomized by colpotomy 
to remove the primary CL of pregnancy on 
day 17. Serum was harvested from mares 
on days 14, 16, 18, and 20, and analysed 
for progesterone using a commercial 
radio immunoassay. Ultrasonography was 
performed daily to monitor pregnancy after 
ovariectomy, presence of endometrial folds 
(Grade 0-3) and time to the next ovulation 
on the contra lateral ovary. Pregnancy loss 
was diagnosed by absence of a previously 
recorded vesicle.

Results

Plasma progesterone concentrations in all 
mares were less than 1ng/ml the day 
following ovariectomy and were extremely 
low or undetectable in the following days. 
There was no difference in progesterone 
concentrations between any of the groups 
either before or after ovariectomy. All mares 
treated with hydroxyprogesterone caproate 
(groups A and B) lost their pregnancies 
within 5 days of ovariectomy. Characteristics 
of impending loss were observation of 
vesicle mobility (n=6) and the presence of 
endometrial folds (n=10) as the remaining 
ovary developed one or more large follicles. 
Pregnancy loss in mares in groups A and B 
was accompanied by a relaxing cervix. 

There was no difference in time to 
pregnancy loss for mares in group A or B. 
All mares treated with Altrenogest (group 
C) maintained pregnancy until 30 days. At 
that time, the heart beat was not visible in 
1 of the 5 pregnancies and the developing 
foetus and foetal fluids were slowly re 
absorbed. The four remaining mares were 
maintained on Altrenogest until day 100. 
One mare aborted a 10 month old foetus 
and subsequently, 3 mares produced normal 
foals. All mares in groups A and B returned 
to heat and ovulated within 11 days after 
ovariectomy. Secondary CL development 
occurred at the expected times in the 
mares that remained pregnant (group C). 
The ovariectomy was a safe and efficacious 
procedure and no untoward sequelae were 
noted.

Discussion

Hydroxyprogesterone caproate has been 
specifically advocated for use in pregnancy 
maintenance of mares (manufacturer’s 
recommendations). Despite lack of research 

data supporting the drug for this purpose, 
its use appears to be widespread. It 
was not the purpose of this study to 
examine whether or not supplementation 
of progestagens is a rational therapeutic 
approach; however, if mares are treated 
with hydroxyprogesterone caproate with the 
expectation of actually helping them maintain 
pregnancy, then great caution would appear 
to be warranted. Our experiment suggests 
that hydroxyprogesterone caproate is not 
capable of supporting pregnancy when 
administered around day 18. In addition 
common sense would indicate that it is 
not likely to be of any more use when 
administered at a later time in pregnancy. 

In this study the method of ovariectomy 
did not appear to influence pregnancy 
loss, as Altrenogest was successful in 
maintaining all pregnancies until day 30 
and 4 of 5 pregnancies until well past the 
time when ovarian steroids are no longer 
necessary for pregnancy maintenance. It 
should be noted that mares administered 
hydroxyprogesterone caproate received 
either 4 times (group A) or 15 times (group 
B) the manufacturer recommended doses. 
Mares in group A received one and mares 
in group B received two treatments before 
ovariectomy. Because mares in these groups 
aborted, developed follicles and displayed 
oestrus behaviour after ovariectomy it is 
unlikely hydroxyprogesterone caproate had 
much binding to progesterone receptors in 
these mares or that time from first treatment 
to ovariectomy (2 days) was responsible for 
the drugs inability to maintain pregnancy. 

Current recommendations for 
hydroxyprogesterone caproate for pregnancy 
maintenance in mares were 500mg every 
2-4 weeks. Another point of interest in 
this study was the relatively quick time to 
pregnancy loss (mean; 3.1 days, range; 2-5 
days) compared to previous studies using 
PGF2 as the method of CL regression. 
The mean number of days to embryonic 
loss was greater for mares treated with 
PGF2 on day 12 (6.8 days) than for 
mares ovariectomized on day 12 (3.0 days) 
(Ginther. 1985). Perhaps these findings 
demonstrate the effect of immediate total 
progesterone withdrawal as distinct from 
a more gradual decline noted after PGF2 
release. In addition, in our study vesicle 
loss was always associated with a softening 
cervix and the presence of endometrial 
folds; however, mares did not ovulate 
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for a mean of 7.8 days after unilateral 
ovariectomy (range 5-11 days). The results 
of this experiment suggest that pregnancy in 
mares with inadequate luteal function cannot 
be maintained with hydroxyprogesterone 
caproate at 4-15 times the recommended 
dose rate. However, pregnancy could be 
maintained by Altrenogest and endogenous 
progesterone supplementation from 
secondary CL development is possible 
despite exogenous progestagen therapy” 
(McKinnon, Figueroa, Nobelius, Hyland, & 
Vasey. 1993).

McKinnon AO, Lescun TB, 
Walker JH, Vasey JR and 
Allen WR.: The inability of 
some synthetic progestagens 
to maintain pregnancy in the 
mare. Equine Vet J. 32: 83-
85, 2000.

Finally, a further study was useful in 
demonstrating just how little ability many 
of the progestagens either recommended or 
used actually have.

Twenty five mares diagnosed pregnant on 
day 14 after ovulation were divided into five 
groups of five and treated as follows:

Group A; Supplemented with 1000mg 
medroxyprogesterone acetate 
administered IM every 7 days beginning 
on day 16 of pregnancy.

Group B; Supplemented with 500mg 
hydroxyprogesterone hexanoate 
administered IM every 4 days beginning 
on day 16 of pregnancy.

Group C; Supplemented with 0.044mg/kg 
of oral altrenogest daily from 16 days 
of pregnancy.

Group D; Supplemented with five implants 
(total 15 mg) of norgestomet placed 
subcutaneously as a single treatment 
on day 16 of pregnancy.

Group E; Supplemented with 500mg 
megesterol acetate orally every day 
beginning on day 16 of pregnancy.

All mares were injected IM with 5 mg of 
the prostaglandin to induce luteolysis of the 
primary CL on day 18 of pregnancy. Mares 
were bled daily and serum was subsequently 
analysed for progesterone using an amplified 
enzyme-linked immunoassay (AELIA), 
developed and validated for horse serum, 
until either abortion occurred or mares 

were ≥ 24 days pregnant with a foetus 
and detectable heart beat. Ultrasonography 
was performed daily to monitor pregnancy, 
presence of endometrial folds, time to the 
next ovulation and time to either pregnancy 
loss or recognition of the foetus within the 
vesicle and normal growth until day 30.

All 5 mares in each of Groups A, B, D and 
E aborted between 2 and 8 days after 
PGF2 administration, whereas none of the 
mares in Group C given altrenogest daily 
aborted. The number of mares that aborted 
on days 2, 3, 4, 5, 6, 7 and 8 post PGF2α 
administration were 10, 3, 3, 2, 1, 0 and 1, 
respectively and the mean (± s. d.) time to 
pregnancy loss was 3.3 (± 1.7) days Serum 
progesterone concentrations in all mares 
had fallen to less than 2 ng/ml the day 
following PGF2 administration and they 
remained very low or undetectable on the 
following days.

All the mares in Groups A, B, D and E 
returned to oestrus and ovulated within 
11 days after PGF2 administration. The 
mean (± s.d.) time to ovulation was 9.2 ± 
1.6 days.

The results of this experiment demonstrated 
convincingly that medroxyprogesterone 
acetate, hydroxyprogesterone hexanoate, 
norgestomet and megesterol acetate were 
unable to maintain pregnancy in mares 
between days 18 and 30 after ovulation in 
the absence of endogenous progesterone 
secreted by a viable CL. It is reasonable 
to conclude from these findings that the 
progestagens used in this study are not likely 
to be of any more use when administered at 
a later time in pregnancy. Pregnancy in the 
mare can be maintained solely by placental 
sources of progestagens from around day 
80 -100 of gestation, but prior to this time 
ovarian corpora lutea, both primary and 
accessory are the only endogenous source 
of this vital hormone of pregnancy.

The progestagens chosen in this study are 
those commonly administered by equine 
veterinary clinicians either to prevent 
abortion or to modify undesirable behaviour 
in performance horses. The dose rates 
of progestagen administration were from 
manufacturer recommendations. It was not 
possible in this study to conclude whether 
abortion occurred as a result of insufficient 
progestagen binding to progesterone 
receptors or an insufficient progestagen 
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Prolonged Ovarian Inactivity 
in Broodmares Temporally 

Associated with 
Administration of Equity

S. J. Robinson and A. O. McKinnon

Introduction

The incidence of anoestrus (acyclicity) 
in young (less than 8yo) Thoroughbred 
broodmares during the breeding season 
in Australia is very low. This study looked 
retrospectively at the histories of 10 
Thoroughbred broodmares at stud in Victoria 
that had all failed to cycle for abnormally 
prolonged periods following retirement from 
racing.

Materials and Methods

The stud and racing records of 10 
Thoroughbred broodmares were investigated 
and the owners or trainers questioned 
verbally to ascertain pertinent historical data. 
The mares were included in the study if they 
had failed to show evidence of cycling for one 
or more stud seasons. Failure to cycle was 
determined by transrectal ultrasonographic 
examination of the reproductive tract at 
various times throughout the breeding 
season. A mare was considered to be 

not cycling if the largest ovarian follicle 
observed during a stud season was less 
than 10mm in diameter. Blood samples 
were collected from all mares and submitted 
for cytogenetic analysis2 to determine if 
there was a genetic basis for the failure
to cycle.

Results

The mares ranged in age from 3 to 8 years 
at the time of retirement to stud. The 
mares were all healthy and in good body 
condition. Table 1 shows the period of time 
(in seasons) that each mare failed to exhibit 
ovarian activity following retirement to stud. 
All the mares were examined on numerous 
occasions throughout the breeding season. 
At the end of the 2005/06 breeding season, 
none of the mares had shown evidence 
of cycling. Cytogenetic analyses of blood 
samples taken from the mares showed that 
all had the normal (64XX) complement of 
chromosomes.

dosage. Altrenogest was used as a positive 
control since it had been shown in the 
previous study to maintain pregnancy in 
ovariectomised mares. This earlier trial 
also showed hydroxyprogesterone caproate 
was incapable of maintaining pregnancy 
in the ovariectomised animals which 
apparently led the same substance being 
renamed and repackaged under the name 
of hydroxyprogesterone hexanoate. This 
difference in nomenclature was not known 
at the time that the present experiment 

began.
Despite a lack of basic research or efficacy 
data to support the administration of these 
compounds for pregnancy maintenance in the 
mare, they are widely used for this purpose. 
Hydroxyprogesterone hexanoate has been 
specifically advocated for use in pregnancy 
maintenance of mares (manufacturer’s 
recommendations). We cannot understand 
how such blatant misrepresentation can 
go unchallenged, either professionally or 
legally.
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Table 1. Relationship Between 
Administration of Equity and Ovarian 
Inactivity in Thoroughbred Mares

Evidence provided by previous trainers and 
owners showed that in common between 
all 10 mares was that during their racing 
careers they had all been administered 
Equity, a vaccine against gonadotrophin-
releasing hormone (GnRH) designed to 
suppress oestrous behaviour in fillies. The 
number of doses of Equity administered 
varied from 1 to 4.

Discussion There is limited published data 
on the mean and maximum duration of 
effect of GnRH vaccines on ovarian activity 
in broodmares. Furthermore, there appears 
to be a paucity of information on the long 
term effects of multiple vaccinations on 
ovarian activity and fertility. Tshewang et 
al. (1997) reported that ovarian activity was 
suppressed for 25 and 30 weeks in 2 year 
old fillies after receiving 200 and 400 mg 
doses respectively of a water soluble GnRH 
vaccine during the breeding season. They 
found that three of the four fillies treated 
recovered from the effects of the vaccine 
and conceived during the next breeding 
season. 

Dalin et al. (2002) found that the ovarian 
and behavioral responses to a course of 
vaccinations against GnRH to be quite 
variable in three Standardbred mares that 
were vaccinated four times (20-30 days 
apart). In that study, the three mares 
ovulated 75 days, 13.5 months and 15 
months respectively after the start of the 
immunization period. They used Equimune as 
an adjuvant in their study. Studies reported 
in commercial manufacturer indicate that 
the duration of effect of Equity to range 
from three to six months. This data is based 
on vaccination with a 200ug GnRH-protein 
conjugate. The differing long term effects 
of the GnRH vaccines documented may be 

attributable to the adjuvant used with each 
vaccine. Equity uses “Iscomatrix” as an 
adjuvant, which is reported to increase the 
level and duration of immunity. Relevance to 
clinical equine practice This study provides 
evidence that administration of Equity 
is temporally associated with prolonged 
periods of acyclicity in Thoroughbred mares 
following retirement from racing. Until 
further evidence is available on the long 
term effects of Equity, the cases presented 
in this study lend support to the published 
contraindication of administration of Equity 
to fillies intended to be used for breeding.
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Mare    Age at retirement     No. doses of Equity      No. of stud seasons since
     to stud         received (age when     retirement without
           last administered)       evidence of cycling

1     4          2 (3)          1
2     3          4 (3)          2
3     4          2 (3)          1
4     4          2 (3)          1
5     5          At least 2         3
6     8          At least 2         2
7     3          At least 2         2
8     4          At least 2         2
9     5          At least 2         2
10     4           At least 2         2
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Maintenance of Pregnancy
Angus O. McKinnon

In order to properly evaluate possible 
therapies to help mares maintain pregnancy 
we firstly need to understand some of the 
reasons why mares suffer from either early 
embryonic death (EED) or abortion.

Early Embryonic Death

Improvement in ultrasonographic equipment 
permitted initial investigation of early 
embryonic losses between days 10 and 20 
of gestation.This technique, combined with 
embryo recovery, permits investigation of 
embryo losses between day 6, which is 
the first time an embryo can be routinely 
recovered from the uterus, and day 11, 
which is the first time the vesicle can be 
consistently detected by ultrasonography. 
The real incidence of EED prior to day 6 is 
unknown. However, it was suggested that a 
major proportion of EED in infertile mares 
occurred in the oviduct.Workers in Wisconsin 
have suggested that in aged subfertile 
mares the primary problem may actually 
be the oocyte.In the future, much more 
clear delineation of the various incidents 
of problems from the different parts of the 
reproductive tract will be forthcoming. 

The incidence of EED has been reported 
to be between 5 and 30% of established 
pregnancies.In earlier studies, utilising 
ultrasonography, it appeared that EED 
occurred in mares much earlier than 
previously reported.Various causes and 
factors responsible for EED in mares, apart 
from presence of twins, have been suggested; 
which included nutrition,plant oestrogens 
and photo-period,endophyte infected tall 
fescue,seminal treatments,lactation stress, 
and foal-heat breeding,genital infections, 
chromosomal abnormalities, hormonal 
deficiencies,anabolic steroids,stress,failure 
of maternal recognition and deficiency of 
pregnant mare serum gonadotropin (PMSG 
or eCG) production,immunological factors 
and even a higher incidence from some 
individual stallions.Migration of the conceptus 
was originally believed to be a contributing 
factor in early embryonic death, however, it 
is now known to be a normal characteristic 
of the horse conceptus.Lactating mares 
and mares bred during foal heat have been 

reported to have a higher incidence of EED 
than non-lactating mares,However, in a 
survey of 2,562 pregnancies in lactating 
and non-lactating mares, the incidence 
of EED was similar.Prior to the advent of 
ultrasonography, recognition and timing of 
EED was difficult. 

From data collected over two breeding 
seasons1 involving 356 mares diagnosed 
pregnant utilising ultrasonography, the 
overall incidence of EED through day 50 
post-ovulation was 17.3%. The majority 
(77.1%) of EED occurred prior to day 35 
post-ovulation. During the period 15 to 35 
days post-ovulation, a greater (P < 0.05) 
incidence of EED occurred between days 15 
to 20 (26.2%) and 30 to 35 (29.5%) post-
ovulation compared to other time periods. 
Maternal recognition of pregnancy has been 
reported to occur between 14 and 16 days 
post-ovulation.

Embryo development and morphology was a 
useful to predict EED in an embryo transfer 
program.638 embryo transfers conducted 
over 3 yr were retrospectively examined to 
determine which factors (recipient, embryo 
and transfer) significantly influenced 
pregnancy and embryo loss rates and to 
determine how rates could be improved. On 
Day 7 or 8 after ovulation, embryos (fresh 
or cooled/transported) were transferred 
by surgical or nonsurgical techniques into 
recipients ovulating from 5 to 9 d before 
transfer. At 12 and 50 d of gestation (Day 
0 = day of ovulation), pregnancy rates 
were 65.7% (419 of 638) and 55.5% 
(354 of 638). Pregnancy rates on Day 
50 were significantly higher for recipients 
that had excellent to good uterine tone 
or were graded as ‘’acceptable’’ during a 
pretransfer examination, usually performed 
5 d after ovulation, versus recipients that 
had fair to poor uterine tone or were 
graded ‘’marginally acceptable.’’ Embryonic 
factors that significantly affected pregnancy 
rates were morphology grade, diameter 
and stage of development. The incidence 
of early embryonic death was 15.5% (65 of 
419) from Days 12 to 50. Embryo loss rates 
were significantly higher in recipients used 7 
or 9 d vs 5 or 6 d after ovulation. Embryos 
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with minor morphological changes (Grade 
2) resulted in more (P < 0.05) embryo 
death than embryos with no morphological 
abnormalities (Grade 1). Between Days 12 
and 50, the highest incidence of embryo 
death occurred during the interval from 
Days 1 7 to 25 of gestation. 

Embryonic vesicles that were imaged with 
ultrasound during the first pregnancy exam 
(5 d after transfer) resulted in significantly 
fewer embryonic deaths than vesicles not 
imaged until subsequent exams. In the 
present study, embryo morphology was 
predictive of the potential for an embryo 
to result in a viable pregnancy. Delayed 
development of the embryo upon collection 
from the donor or delayed development of 
the embryonic vesicle within the recipient’s 
uterus was associated with a higher incidence 
of pregnancy failure. Recipient selection 
(age, day after ovulation, quality on Day 5) 
significantly affected pregnancy and embryo 
loss rates’.

In addition a higher rate of EED has been 
reported with delayed insemination post 
ovulation either greater than 12 hours or 
greater than 18 hours post ovulation.

It should be noted that formation of 
endometrial cups occurs on approximately 
day 35. Early embryonic death is diagnosed 
when an embryonic vesicle seen previously 
is not observed on two consecutive 
ultrasonographic scans and/or when 
only remnants of a vesicle are observed. 
Ultrasonographic criteria for impending EED 
are an irregular and indented vesicle, fluid 
in the uterine lumen and vesicular fluid that 
contains echogenic spots. Early embryonic 
death is suspected, particularly after day 
30, when no foetal heartbeat is observed, 
there is poor definition of foetal structure, 
foetal fluids are very echogenic, or the 
largest diameter of the foetal vesicle is two 
standard deviations smaller than the mean 
established for that specific day of age. 

Vesicles increasing in size more slowly than 
normal may also be characteristic of early 
embryonic death.Indications obtained by 
ultrasonographic scanning of impending loss 
at later stages include: failure of fixation, 
an echogenic ring within the vesicle, a mass 
floating in a collection of fluid and a gradual 
decrease in volume of placental fluid with 
disorganisation of placental membranes (Fig. 
1). On occasion EED may be anticipated by 

identification of endometrial folds in an early 
pregnant uterus with or without visible fluid 
(Fig. 2). Ultrasonographic scanning, during 
early pregnancy, is an extremely useful 
management tool for pregnancy detection 
and determination of early embryonic 
death. 

However, if pregnancy rates are not reported 
until day 50, the discrepancy between 
pregnancy and foaling rates decreases. In one 
study the risk of pregnancy loss decreased 
as gestation increased. “3740 mares were 
diagnosed pregnant by ultrasound around 
day 22 (± 5) (day 0 being the day of last 
service) and checked again around day 44 
(± 12). Parturition or abortion was recorded 
for all mares which were still pregnant at 
the second test. Pregnancy loss between 
the two early pregnancy diagnoses was 
8.9% (n = 3740). 

This rate was 5.5% (n = 2984) when one 
normal single pregnancy was diagnosed on 
the first test. It was increased when uterine 
endometrial cysts were present (24.4%; 
n = 86) or when the conceptus looked 
abnormal (34.8%; n = 279). Following 
278 twin pregnancy tests, 9.7% of total 
resorptions of both twins and 61.5% of 
unilateral resorption of one of them were 
observed. 

Following 113 crushings of one twin 
conceptus, 20.3% of resorption of the 
remaining twin conceptus was noted. 
Abortion rate between day 44 and day 310 
was 9.1% (n = 2988). Abortions were more 
frequent in the case of twins pregnancies 
(52.8%; n = 53). A higher abortion rate of 
the remaining twin conceptus was observed 
after crushing (23.8%; n = 80) or after 
natural resorption of one of the twins 
(13.5; n = 148). Early and late pregnancy 
loss increased with the age of the mare. 
Resorption rate, but not abortion rate, 
increased with parity. Breed had no effect 
on pregnancy loss. 

Reproductive status was not linked with 
embryonic death frequencies, but abortion 
rate increased if the mare became pregnant 
during foal heat. Similar resorption rates 
were observed in 261 different stallion 
“harems” (groups of mares served by 
the same stallion). Similarly, the rate of 
abortion was not linked to the stallion (192 
groups of mares). The day by day risk 
of pregnancy loss decreased steadily as 
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pregnancy progressed”.

In this later study the higher than expected 
pregnancy loss from mares with twin 
pregnancies that either were assisted in or 
spontaneously eliminated one pregnancy 
was surprising and does not parallel our 
experiences.

Figure 1a. Figure 1 EED suspected due 
to association of free fluid around the 
vesicle (Figure 1a and b) as well as 
edema of the endometrial folds (figure 
1b).

Figure 1b.

Figure 2. EED depicted by increased 
echogenicity of the fetal fluids and loss 
of fetal structure and clarity.

Abortion

Abortion can be infectious or non-infectious 
and the subject has been well reviewed.28 
Many studies have been reported which 
implicate the various relative importance 
of different causes. Unfortunately there are 
still many gaps in our knowledge and the 
one of the common pathological diagnoses 
is “unable to determine the cause”. This may 
on occasion be our fault for not providing 
adequate or suitable material in a sterile 
or even timely manner to the lab. “A total 
of 309 miscarried equine fetuses and foals 
were submitted for necropsy at the Institut 
de pathologie du cheval between May 1st, 
1986 and April 30th, 1990, An infectious 
origin could be established in 34.6 % of the 
cases, of which 79.0 % were of bacterial 
aetiology and 21.0 % of viral aetiology. 

Of the bacteria, 26.1 % of the isolates were 
streptococci and 19.3 % were Escherichia 
coli. The only virus involved was the equine 
rhinopneumonitis virus”. “Pathology case 
records of 3,514 aborted fetuses, stillborn 
foals, or foals that died < 24 hours after 
birth and of 13 placentas from mares 
whose foals were weak or unthrifty at birth 
were reviewed to determine the cause of 
abortion, death, or illness. 

Fetoplacental infection caused by bacteria 
(n= 628), equine herpesvirus (143), fungi 
(61), or placentitis (351), in which an 
etiologic agent could not be defined, was 
the most common diagnosis. Complications 
of birth, including neonatal asphyxia, 
dystocia, or trauma, were the second 
most common cause of mortality and were 
diagnosed in 19% of the cases (679). Other 
common diagnoses were placental edema 
or premature separation of placenta (249), 
development of twins (221), contracted foal 
syndrome (188), other congenital anomalies 
(160), and umbilical cord abnormalities 
(121). Less common conditions were 
placental villous atrophy or body pregnancy 
(81), fetal diarrhea syndrome (34), and 
neoplasms or miscellaneous conditions 
(26). A diagnosis was not established in 
16% of the cases seen (585). The study 
revealed that leptospirosis (78) was an 
important cause of bacterial abortion in 
mares, and that infection by a nocardioform 
actinomycete (45) was an important cause 
of chronic placentitis”. “Pathologic and 
microbiologic examinations were performed 
on 1,211 aborted equine fetuses, stillborn 
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foals, and placentas from premature foals in 
central Kentucky during the 1988 and 1989 
foaling seasons to determine the causes of 
reproductive loss in the mare. 

Placentitis (19.4%) and dystocia-perinatal 
asphyxia (19.5%) were the 2 most 
important causes of equine reproductive 
loss. The other causes (in decreasing 
order) were contracted foal syndrome 
and other congenital anomalies (8.5%), 
twinning (6.1%), improper separation of 
placenta (4.7%), torsion of umbilical cord 
(4.5%), placental edema (4.3%), equine 
herpesvirus abortion (3.3%), bacteremia 
(3.2%), fetal diarrhea (2.7%), other 
placental disorders (total of 6.0%), and 
miscellaneous causes (1.6%). A definitive 
diagnosis was not established in 16.9% of 
the cases submitted. 

Streptococcus zooepidemicus, Escherichia 
coli, Leptospira spp., and a nocardioform 
actinomycete were organisms most 
frequently associated with bacterial 
placentitis, and Aspergillus spp. was 
the fungus most often noted in mycotic 
placentitis. No viral placentitis was noticed 
in this series. Dystocia-perinatal asphyxia 
was mostly associated with large foals, 
maiden mares, unattended deliveries, and 
malpresentations. The results of this study 
indicate that in central Kentucky, the non 
infectious causes of equine reproductive 
loss outnumber the infectious causes by 
an approximate ratio of 2:1, placental 
disorders are slightly more prevalent than 
non-placental disorders, Leptospira spp. 
and a nocardioform actinomycete are 2 new 
important abortifacient bacteria in the mare, 
the occurrence of contracted foal syndrome 
is unusually frequent, the incidence of twin 
abortion has sharply declined, and torsion 
of the umbilical cord is an important cause 
of abortion in the mare”. (Hong et al., 
1993).. “Observations on 2,000 pregnancies 
revealed that 175 (8.7%) equine abortions 
occurred over a 4-year period. The peaks 
of abortion were at mid-gestation (20-32 
weeks) and at late gestation (37-44 weeks). 
Abortion was higher in mares bred to donkey 
(10.4%) than in those bred to horse stallion 
(7.8%). Maximum abortions (80%) occurred 
in winter. Out of 175 equine abortions, 102 
(58.3%) were due to infectious (bacterial, 
viral, fungal) causes, while 41.7% were due 
to non infectious causes, viz. placentitis, 
malpresentation, twin pregnancy, foetal 
abnormality, toxaemia and trauma. Sixty-

one abortions were grouped as due to 
unspecified non infectious causes”.

Severe stress, such as colic, would appear 
to play a major part in late term pregnancy 
loss. “The records of 105 pregnant mares and 
105 non-pregnant horses with colic admitted 
to an equine hospital were reviewed. The 2 
groups had similar types of colic and short-
term survivability. Of the 105 pregnant 
mares, 31 were treated medically and 74 
required surgical intervention. Thirty-three 
of the 105 mares died or were euthanatized. 
Thirteen (18%) of the 72 remaining mares 
aborted. Of 4 mares with severe medical 
cases, 2 died, 1 aborted, and 1 aborted and 
died. Of 27 horses with medical cases that 
required less intensive treatment, none died 
and 2 aborted. 

Of the 74 horses that required surgery, 
45 survived to termination of pregnancy 
(foaling or abortion); 36 of these mares 
(80%) had a live foal. The type of surgical 
lesion had no effect on pregnancy outcome. 
Stage of gestation at initial examination, 
duration of anesthesia, or intraoperative 
hypoxia or hypotension had no effect on 
pregnancy outcome. However, when hypoxia 
occurred during colic surgery in the last 
60 days of pregnancy, the mares either 
aborted or delivered severely compromised 
foals that did not survive”.Stresses early 
in pregnancy associated with transport or 
rectal palpation for pregnancy diagnosis 
apparently have little or no effect on 
foetal loss. “Incidence of early embryonic 
death (EED) and associated changes in 
serum cortisol, progesterone and plasma 
ascorbic acid (AA) in transported mares 
were investigated. Mares were transported 
for 472 km (9 h) during either d16 to 22 
(T-3 wk, n = 15) or d 32 to 38 (T-5 wk, 
n = 15) of gestation. Blood samples were 
drawn from control, non-transported mares 
(NT-3 wk, NT-5wk, n = 24) and transported 
mares pre-trip, midtrip, and at 0, 12, 24, 
48 and 72 h post-transport and daily for 
the next 2 wk. Incidence of EED between 
transported and non-transported mares was 
not different (P >.05). 

Serum cortisol in all transported mares 
increased (P < .05) relative to pre-trip values 
at midtrip and 0 h post-transport. Relative 
to NT mares, serum cortisol was higher (P 
< .05) at midtrip in T-3 wk mares and 0 
h post- transport in T-5 wk mares. Serum 
progesterone in all T mares increased (P 
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less than .05) at midtrip relative to pre-trip 
values and was higher (P < .05) in T-3 wk 
mares than in NT-3 wk mares at midtrip and 
0 h post-transport. Post-transport decreases 
(P < .05) in concentrations of progesterone 
were observed in mares that aborted. Plasma 
AA in transported mares increased (P < .05) 
at midtrip in T-5 wk mares and decreased 
(P < .05) relative to pre-trip values at 24 
and 48 h post-transport (T-3 wk and T-5 wk 
mares, respectively”.

Placentitis

There is little doubt that placentitis is an 
emerging disease in intensively managed 
broodmare farms.It is possible that our 
sophisticated management procedures have 
led to more mares becoming pregnant that 
without intense management may have 
struggled to become pregnant, thus creating 
a group of mares either susceptible to, or 
more likely to be affected by placentitis.

Placentitis may be recognised by vulval 
discharge, premature lactation or 
spontaneous abortion. Ultrasonography has 
been useful in examining the placenta at the 
region of the cervical star (Fig. 3).

Figure 3. Placentitis. Note extreme 
thickening of the combined placenta.

‘Feto-placental infection caused by 
microorganisms was the most common 
cause of death of fetuses, stillborn foals, and 
foals that died within 24 hrs after birth in 
central Kentucky. Pathologically, three types 
of placentitis were seen: ascending, diffuse, 
and focal mucoid. The pathogenesis in each 
form is believed to be different and each is 
associated with certain types of causative 
bacteria or fungi. Ascending placentitis was 
the most common type of placentitis prior 
to the 1998 foaling season in Kentucky. 
This form is thought to be the result of 
microorganisms gaining access to the cervical 

portion of the placenta during gestation by 
spread from the lower reproductive tract 
through the cervix. Streptococci and E. coli 
were the most commonly isolated bacteria. 
Diffuse or multifocal placentitis was less 
commonly diagnosed and is associated with 
hematogenous spread of microorganisms 
to the uterus of the mare with subsequent 
infection of the placenta. 

This form was associated with infection by 
bacteria in the genera Leptospira, Salmonella, 
Histoplasma, and Candida. Focal mucoid 
placentitis is also known as nocardioform 
placentitis. Nocardioform placentitis has 
emerged as the most commonly diagnosed 
type of placentitis over the last two foaling 
seasons and is characterized by unique 
pathology and distinct bacteria. At present 
the pathogenesis of this form is unknown. 
Diagnosis of placentitis during gestation 
is often difficult. Most mares show no 
outward signs of infection. Some mares will 
undergo premature mammary development 
with lactation and, occasionally, a vaginal 
discharge is present. Transrectal and 
transabdominal ultrasound examinations 
are useful in arriving at a diagnosis if 
placentitis is suspected. Various treatment 
modalities have been utilized in an attempt 
to maintain gestation for as long as possible 
to enhance foal viability. Placentitis results 
in several outcomes. In addition to abortions 
and stillbirths, the mare may produce small 
weak foals or normal foals. The small, weak 
neonates represent a special management 
and medical challenge. These individuals 
have an increased risk of sepsis and 
orthopedic problems requiring extensive 
care’.

‘Placentitis is a common cause of equine 
abortions. In a majority of cases, the route 
of infection is believed to be ascending 
through the cervix, and an area of the 
chorion adjacent to the cervical star shows 
characteristic pathology in aborting mares. 
This area is depleted of chorionic villi, 
thickened, discolored, and covered by 
fibronecrotic exudate. Mares with placentitis 
due to a hematogenous infection show 
multifocal pathology of the chorionic surface 
of the placenta. Clinical signs include 
udder development, premature lactation, 
cervical softening, and vaginal discharge. 
Treatment is often unsuccessful once 
the mare has developed clinical signs. 
Ultrasonographic evaluation of the placenta 
in late gestational mares allows the clinician 
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to detect preclinical signs of placentitis and 
premature separation, which then could be 
treated in its early stages. Transabdominal 
ultrasonography: Focal areas of utero-
placental thickening and partial separation 
of the allantochorion from the endometrium 
in the uterine body and horns can be 
observed by this approach. 

The combined thickness of the uterus and 
the placenta (CTUP) should not be more than 
12 mm at any site. In addition to evaluating 
the placenta a biophysical profile of the 
fetus can be performed by a transabdominal 
approach. Transrectal ultrasonography: This 
approach provides an excellent image of the 
caudal portion of the allantochorion adjacent 
to the cervical star. Using transrectal 
ultrasonographic evaluation of the placenta, 
we have observed abnormal thickness and 
partial separation of the allantochorion from 
the endometrium in mares with clinical 
signs of placentitis. In advanced stages, the 
space between the uterus and the placenta 
is filled with hyperechoic fluid. 

Normal values of the CTUP in an area 
immediately cranially and ventrally of the 
cervix was determined to be: <8 mm 
between day 271 and 300; <10 mm 
between day 301 and 330; and < 12 mm 
after day 330. Increased CTUP suggests 
placental failure and pending abortion. 
Treatment of placentitis should be aimed 
toward elimination of the infectious agents, 
reduction of the inflammatory response, 
and reduction of the increased myometrial 
contractility in response to the ongoing 
inflammation. Broad spectrum antibiotics, 
anti- inflammatories (flunixin meglumine, 1.1 
mg/kg BID; phenylbutazone, 4 mg/kg BID) 
and tocolytics (Altrenogest; Clenbuterol), are 
recommended for treatment of placentitis. 
Pentoxyfylline (7.5 mg/kg p.o. BID) has been 
suggested to increase oxygenation of the 
placenta through an increased deformability 
of red blood cells’.

Mare Reproductive Loss Syndrome 
(MRLS)

A brief description of the problem and the 
steps taken to elucidate the etiology are 
listed below.

‘During 2001, central Kentucky experienced 
acute transient epidemics of early and 
late fetal losses, pericarditis, and unilateral 
endophthalmitis, collectively referred 

to as mare reproductive loss syndrome 
(MRLS). A toxicokinetic/statistical analysis 
of experimental and field MRLS data was 
conducted using accelerated failure time 
(AFT) analysis of abortions following 
administration of Eastern tent caterpillars 
(ETCs; 100 or 50 g/day or 100 g of irradiated 
caterpillars/day) to late-term pregnant 
mares. In addition, 2001 late- term fetal 
loss field data were used in the analysis. 
Experimental data were fitted by AFT 
analysis at a high (P < .0001) significance. 
Times to first abortion (‘’lag time’’) and 
abortion rates were dose dependent. 

Lag times decreased and abortion rates 
increased exponentially with dose. 
Calculated dose X response data curves 
allow interpretation of abortion data in terms 
of ‘’intubated ETC equivalents.’’ Analysis 
suggested that field exposure to ETCs 
in 2001 in central Kentucky commenced 
on approximately April 27, was initially 
equivalent to approximately 5 g of intubated 
ETCs/day, and increased to approximately 
30 g/day at the outbreak peak. This 
analysis accounts for many aspects of the 
epidemiology, clinical presentations, and 
manifestations of MRLS. 

It allows quantitative interpretation of 
experimental and field MRLS data and 
has implications for the basic mechanisms 
underlying MRLS. The results support 
suggestions that MRLS is caused by exposure 
to or ingestion of ETCs. The results also show 
that high levels of ETC exposure produce 
intense, focused outbreaks of MRLS, closely 
linked in time and place to dispersing ETCs, 
as occurred in central Kentucky in 2001. With 
less intense exposure, lag time is longer and 
abortions tend to spread out over time and 
may occur out of phase with ETC exposure, 
obscuring both diagnosis of this syndrome 
and the role of the caterpillars’.

From the preceding abstract quotations it 
appears that infectious causes of abortion, 
twins and stress constitute a major 
proportion of reported foetal demise late 
in pregnancy and many poorly defined 
factors such as uterine environment and 
the hormonal milieu are involved earlier in 
pregnancy. A background on endocrinology 
of the mare during pregnancy may be useful 
in providing rational approaches to therapy.
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Endocrinology of Pregnancy

In mares, maternal recognition of 
pregnancy associated with production of 
an immunosuppressive agent, a pregnancy 
specific protein called early pregnancy 
factor, may be as early as 48 hours after 
conception. Early pregnancy factor has been 
detected in mice, sheep, human beings and 
mares and may, in the future, aid in detection 
of pregnancy and early embryonic death. 
The second time for maternal recognition 
of pregnancy probably arises on or before 
day 5 or 6 after ovulation as fertilised ova 
are transported from the oviduct through 
the uterotubule junction into the uterus by 
5 or 6 days after ovulation, but unfertilised 
oocytes generally are retained in the 
oviductsThe third recognisable time for 
maternal recognition (or reinforcement) of 
pregnancy occurs between 12 and 16 days. 

During this time, the conceptus is extremely 
mobile and probably secretes an anti 
luteolytic substance that prevents release of 
PGF2 thus maintaining the corpus luteum 
and preventing the mare from returning to 
oestrus. “Two experiments were performed 
to determine the critical time at which the 
equine blastocyst must be present within 
the uterus of the mare to prevent regression 
of the corpus luteum, and thus establish the 
critical time for the maternal recognition 
of pregnancy. A non-surgical blastocyst 
collection technique was developed to study 
this relationship between the blastocyst 
and the maternal ovary. Results from these 
experiments demonstrated that the cyclic 
life-span of the corpus luteum is not affected 
by the presence of the blastocyst within 
the mare’s uterus until after Day 14 after 
ovulation. Luteal function was prolonged 
when blastocysts were removed on Day 15 
or later. The critical period for the maternal 
recognition of pregnancy in the Pony mare 
appears to be confined to the period between 
Days 14 and 16 after ovulation”.

“Two experiments were conducted to assess 
the effect of exogenous hormone treatment 
on uterine luminal prostaglandin F (PGF). 
In the first experiment ovariectomized pony 
mares received either corn oil (21 days, n 
= 3), estradiol valerate (21 days, n = 3), 
progesterone (21 days, n = 3) or estradiol 
valerate (7 days) followed by progesterone 
(14 days, n = 4). Progesterone treated 
mares had higher (P < .01) uterine luminal 
PGF compared with all other groups, and 

no differences were detected between other 
treatment comparisons. In Experiment 
II, uterine fluid was collected from 4 
ovariectomized horse mares before and after 
treatment with estradiol valerate (7 days) 
followed by progesterone (50 days). Pre-
treatment uterine luminal PGF levels were 
lower (P < .001) than post-treatment levels 
(.03 vs 76.80 ng/ml). In a third experiment 
PGF was measured in uterine fluid of pony 
mares on days 8, 12, 14, 16, 18 and 20 of 
the estrous cycle and pregnancy. In non 
pregnant mares a day effect (P less than 
.03) was observed in which uterine fluid 
PGF increased during the late luteal phase 
and declined thereafter. In contrast, no day 
effect was observed in pregnant animals 
and uterine luminal PGF was lower (P < 
.001) than in cycling animals. These studies 
indicate that exogenous progesterone 
administration results in a large increase 
in uterine luminal PGF, whereas, pregnancy 
results in suppression. 

Taken collectively with previous work from 
our laboratory, these results suggest that 
while the endometrium of pregnant mares 
is capable of producing large amounts of 
PGF, the presence of a conceptus impedes 
its synthesis and/or release which allows 
for luteal maintenance”. “Comparisons of 
estrone, 17 beta-estradiol, and plasma 
progestin concentrations were made 
in uterine fluid and peripheral blood of 
non pregnant and pregnant pony mares. 
Concentrations of these steroids were 
also measured within yolk sac fluid from 
blastocysts on days 12, 14, 16, and 18 
of pregnancy to obtain more complete 
analyses of the uterine environment 
(uterine fluid plus yolk sac fluid) of early 
pregnancy. Thirty mares were randomly 
assigned to six treatment groups (n = 5/
group), and uterine fluid and peripheral 
blood samples were obtained on days 8, 
12, 14, 16, 18, and 20 post-ovulation. After 
a recovery period of one estrous cycle, 
mares were bred at their next estrus. 
Animals were hysterectomized on the same 
treatment day to which they had previously 
been assigned in the non pregnant phase 
of this study. Using this design, uterine 
fluid and peripheral blood samples were 
collected from each mare on equivalent 
days of the estrous cycle and pregnancy. 
Significant differences in day trends were 
found between non pregnant and pregnant 
animals for estrogens and progestins in 
both uterine fluid and peripheral plasma. 
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Furthermore, these data demonstrate that 
large increases in estrogens occur after day 
12 of pregnancy in uterine and yolk sac fluids, 
with estrone becoming the predominant 
estrogen by days 18 and 20 in yolk sac and 
uterine fluids, respectively. These changes 
were not detected in peripheral plasma, 
which indicates that changes occurring 
within the uterine environment are not 
discernible in the systemic circulation during 
early pregnancy. These results indicate that 
the large amounts of estrogens appearing in 
uterine fluids during early pregnancy are of 
conceptus origin and may be an important 
factor in regulating the environment in 
which the conceptus develops”.

The next piece of the puzzle was also provided 
by researchers in Florida.21 “Cycling pony 
mares were bred and used to test the effect 
of restricted conceptus mobility on luteal 
maintenance (ie. maternal recognition of 
pregnancy). In Experiment 1, uterine horns 
were ligated to restrict conceptus mobility 
to one uterine horn, Group 1; one horn plus 
the uterine body, Group 2; or one horn, the 
body and approximately 80% of the second 
horn, Group 3. 

Pregnancies were monitored with real-time 
ultrasonography. Four of five mares in 
Group 1 and two of four mares in Group 
2 returned to estrus (Day 16.0 +- 1.9 and 
14.5 +- 0.7, respectively) and subsequently 
lost the embryonic vesicles (Day 17.2 +- 
1.2 and 15.7 +- 0.7, respectively). None 
of the four mares in Group 3 lost the 
vesicles. There was a significant effect of 
the interaction of treatment (amount of 
uterus available to the conceptus) and day 
on plasma progesterone (P) concentration 
(p < 0.005). In Experiment 2, conceptus 
mobility was restricted to one uterine horn 
in two groups of mares, of which the second 
was treated with the synthetic progestin, 
Regumate (allyl trenbolone). In the first 
group, each of three mares lost the vesicle 
(Day 17.3 +- 4.3). In the second group, four 
of five mares maintained the pregnancies, 
indicating that pregnancy failure was due 
to the effects of declining P. These data 
indicate that restricted conceptus mobility 
results in luteolysis in the mare, and 
that the subsequent decline in P leads to 
embryonic death. This supports the notion 
that unrestricted mobility of the equine 
conceptus, allowing it to interact with most 
the uterine endometrium, is necessary for 
luteal maintenance and conceptus survival”.

These studies have important ramifications 
on effects of different uterine environment 
on ability of mares to maintain pregnancy 
for example, in cases of uterine cysts that 
impair mobility and the possible therapeutic 
implications of progestagens.

Oestrogens

A minor maternal (ovarian) production of 
estrogen occurs between days 35 and 60 
but has little diagnostic significance. A major 
increase in plasma estrogen concentration 
occurs after day 60.This increase comes 
from the foetal placental unit and, thus, is 
not affected by ovariectomy. “Plasma total 
(conjugated + unconjugated) oestrogens 
were measured from Day 0 to 100 of 
pregnancy and compared with the levels 
found during the oestrous cycle. From Day 0 
to 35 of gestation, the concentrations were 
similar to those during dioestrus. An increase 
in total oestrogens between Days 35 and 
40 was followed by a plateau of 3 ng/ml 
between Days 40 and 60 which was slightly 
higher than preovulatory concentrations. 
This first increase in total oestrogen level was 
produced by the ovaries since values were 
suppressed after ovariectomy; stimulation 
may be due indirectly to PMSG causing 
follicular growth. 

After Day 60, a second increase was detected 
and considered to be of feto-placental origin 
as the levels at this time were not suppressed 
after ovariectomy. By Day 85, oestrogen 
concentrations exceeded those detected 
in non-pregnant mares so that a direct 
measurement of total oestrogens in plasma 
by a simplified radioimmunoassay after Day 
85 of gestation offers a reliable method 
of pregnancy diagnosis”.Concentrations of 
oestrogen in urine and serum peak at 
about day 210 of gestation and are thought 
to come from foetal gonads which are 
enlarged at this time. If fetal gonads are 
removed, plasma oestrogen concentrations 
drop immediately to very low levels.In 
general, oestrogen detection in serum or 
urine has only limited value for pregnancy 
diagnosis since they become reliable only 
relatively late in pregnancy. Earlier it was 
not recommended to test for estrogens 
before 150 days of pregnancy, but more 
recently, measurement of estrone sulfate 
(conjugated) for diagnosis of pregnancy and 
evidence of a viable conceptus has been 
advocated after day 60 of pregnancy.Foetal 
death results in an immediate decrease in 
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oestrone sulfate concentration.If a mare in 
the second or third trimester of pregnancy 
begins to lactate, measurement of oestrone 
sulfate may provide an index of fetal 
viability. This may be particularly useful 
when other tests of foetal viability such as 
ultrasonography and/or electrocardiographic 
monitoring are not available.

Biological, chemical and immunologic tests 
are available for oestrogen determination. 
Biological tests such as increased nipple 
length in guinea pigs or induction of vaginal 
cytological findings typical of estrus in 
immature or ovariectomized mice rarely 
are used. They have been replaced by 
chemical tests largely because of cost and 
time. Chemical tests for urinary estrogen 
rely on colour changes and fluorescence 
in the presence of warm, concentrated 
sulfuric acid. Radioimmunoassay can be 
used for determination of plasma total 
estrogen (conjugated plus unconjugated47 
concentration or urinary estrone conjugates. 
The method described for plasma analysis47 
requires enzymatic hydrolysis and extraction 
and may not reveal all estrone conjugates 
because the concentration of estrone sulfate 
is 1,000 times higher in the urine. 

Direct conjugated estrogen measurement 
on serum or milk has been described,51 
and differentiation between pregnancy and 
estrus was possible after approximately 50 
days. In mares, an enzymatic determination 
of unconjugated estrogens in the faeces for 
pregnancy diagnosis has been described.
It was possible to confirm pregnancy after 
120 days of gestation and because this 
technique may be totally non-invasive to 
the mare, some benefits to the equine 
reproductive industry may be realised. 
Recently “Immunoreactive urinary oestrogen 
conjugates were assessed in daily urine 
samples ( 5 samples/week) collected 
from 8 Przewalski’s mares maintained 
under semi free-ranging pasture conditions. 
The relative percentage contributions of 
immunoreactive urinary oestrogens during 
different reproductive states (oestrus, 
luteal phase, early, mid-and late gestation) 
were determined using high-pressure liquid 
chromatography. In general, conjugated 
forms of oestrone (oestrone sulphate and 
oestrone glucuronide) were the major 
excreted immunoreactive oestrogens in 
non-pregnant and pregnant Przewalski’s 
mares. 

Variations in urinary oestrogen conjugates 
indicated that the onset of oestrous cyclicity 
coincided with increasing daylengths, and 
the non-conception oestrous cycle was 24.1 
+- 0.7 days (n = 17) in duration. Most 
copulations (29/35, 82.9%) were observed 
between Day -4 and Day +1 from the 
preovulatory oestrogen conjugates peak 
(Day 0). Based on known copulation dates, 
the mean gestation length was 48.6 +- 0.4 
weeks (range 47.3-50.3 weeks). During 
pregnancy, urinary excretion of oestrogen 
conjugates increased apprx 300-fold over 
levels in non-pregnant mares, reaching 
peak concentrations by Week + 24 (51% of 
gestation). These results demonstrate that 
longitudinal reproductive events, including 
oestrous cyclicity and pregnancy, can be 
monitored precisely by evaluating urinary 
oestrogen conjugates in samples from 
Przewalski’s mares maintained under semi-
free-ranging conditions.Further studies on 
uses of oestrogen analysis are presented 
below. “Serum and urinary estrone 
sulfate concentrations were determined 
in 7 pregnant mares before and after 
prostaglandin-induced abortion (n = 4) or 
surgical removal of the fetus (n = 3) to 
determine the source of estrogen during 
early pregnancy (gestation days [GD] 44 
to 89). 

Estrone sulfate concentrations also were 
determined in serum samples (stored frozen 
for 2 years) from 3 mares that had been 
ovariectomized between GD 51 and 58. 
Estrone sulfate concentrations decreased in 
serum and urine after expulsion or removal 
of the fetus (urinary patterns were more 
definitive than were patterns for serum), 
whereas a transient decrease in serum 
estrone sulfate concentration was observed 
after ovariectomy. Seemingly, products 
of conception are the major source of 
estrone sulfate during early pregnancy, 
although there appears to be some ovarian 
contribution. Serum or urinary estrone 
sulfate measurements provide a simple and 
accurate test for fetal viability after GD 44 
in the mare”.

“The removal of one of twin embryos 
was attempted by infusion of 24% (w/v) 
saline into the gestation sac in 2 mares by 
laparotomy. The treatment was successful 
in one mare (Case 1) and the untreated 
embryo remained viable. However, neither 
foetus survived in the second mare (Case 
2). Plasma oestrone sulphate (E1S) 
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concentrations fell immediately after 
treatment in both mares but recovered 
to approximately 50% of pre-treatment 
levels in Case 1. In Case 2 plasma E1S 
concentrations declined steadily and were< 
1 ng/ml within 6 days of treatment. These 
preliminary results suggest that the method 
may be useful for selective removal of one 
of twin embryos in mares. Furthermore, 
plasma E1S concentrations may be a useful 
indicator of embryonic viability”.

“Two mares received PGF-2 alpha twice 
daily until abortion and 2 mares received a 
combined treatment with oestradiol benzoate 
and oxytocin. The mares were about 150 
days pregnant. The PG-treated animals 
aborted after 37 and 61 h, respectively, 
and the fetuses were expelled in intact fetal 
membranes. The other 2 mares aborted 13 
and 27 h after the first oxytocin injection, 
respectively, and showed strong uterine 
contractions and expelled the fetuses in 
disrupted fetal membranes. 

Concentrations of 15-ketodihydro-
PGF-2 alpha increased both after PG and 
oxytocin injections and in association with 
the abortion, but after the PG-induced 
abortion there was an immediate return 
to basal levels and after the oxytocin-
induced abortion there was a large increase 
in the concentrations, indicating damage 
of the uterus. Progesterone and relaxin 
concentrations followed the placental 
function and decreased in association with 
the abortions. Oestrone sulphate values 
differed in the two groups; the oxytocin-
treated animals showed a rapid decrease 
while the mares treated with PG showed 
first a marked increase and then a decrease. 
Concentrations of PMSG appeared to be 
unaffected by the abortions”.

“We evaluated 2 rapid non-instrumented field 
tests for pregnancy on feral horses (Equus 
caballus) because previous techniques 
required sophisticated and expensive 
instrumentation that limited their usefulness 
to field researchers. The measurement 
of urinary estrone conjugates (E-1C) 
by an enzyme immunoassay and based 
on observable color changes was 100% 
accurate when compared with instrumented 
spectrophotometrically measured tests 
for E-1C. A non-instrumented “dipstick” 
enzyme immunoassay for equine chorionic 
gonadotropin-like (eCG) molecules was 83% 
accurate in diagnosing mare pregnancies 

when compared with the results of the 
instrumented test for E-1C. The decrease in 
accuracy using the non-instrumented eCG 
test resulted from a time period of 40-140 
days when eCG was measurable, whereas 
E-1C elevation were measurable after day 35 
of a mare’s pregnancy. Our results indicate 
that it is possible to detect pregnancy in 
free-roaming horses under field conditions 
and without instrumented assays; such 
field tests provide opportunities to study 
fecundity and fetal loss in a variety of free-
roaming animals”.

“Plasma cortisol, oestrone sulphate and 
progestagens were measured in 22 stressed 
pregnant mares (gestation length 17-336 
days) as indicators of fetal viability. Mares 
were bled every 12 h from time of admission, 
and plasma was stored at -70 degrees C 
until assayed. Four normal mares were bled 
twice weekly from Day 270 to parturition to 
provide baseline endocrine data. Cortisol and 
progestagen concentrations were measured 
by radioimmunoassay and oestrone sulphate 
was measured by enzyme immunoassay. 
Mares were grouped according to clinical 
diagnosis: surgical colic (Group 1, n = 11), 
medical colic (Group 2, n = 7), and uterine 
torsion (Group 3, n= 4). Of the 16 mares in 
Groups 1 and 2 that survived to discharge, 
12 mares foaled normally and 4 aborted, 3 
during hospitalization. 

Following surgical treatment of uterine 
torsion, 2 mares aborted and 2 mares carried 
foals to term. Plasma cortisol was greater 
than 30 ng/ml in 19 of the 22 stressed 
mares at presentation and was less than 
30 ng/ml in normal mares at all collections. 
Cortisol concentrations remained elevated in 
mares during post admission complications. 
The mean cortisol concentration of mares 
with colic that subsequently aborted was 
higher at presentation, but not statistically 
different, than levels of mares that did not 
abort (135+/- 35 ng/ml and 83 +/- 19 ng/ml, 
respectively; mean +/- s.e.m.). Progestagen 
concentrations in normal mares ranged from 
2-25 ng/ml. Progesterone concentrations in 
subject mares that subsequently foaled 
did not differ from normal mares, whereas 
concentrations in aborting mares (n=5) 
either dropped rapidly (n=3) or were low 
at the time of admission and decreased 
to < 2 ng/ml (n=2). Oestrone sulphate 
concentrations that ranged from 7-5000 
ng/ml, decreased after foaling or abortion. 
However, the concentrations remained 
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above 38 ng/ml (range, 38-480 ng/ml) in 
those mares (n=7) sampled post foaling or 
post abortion. Our results show that mares 
with colic that subsequently aborted had 
higher mean plasma cortisol concentrations 
at admission than mares that carried foals 
until term. No single sample of the 3 
hormones measured was a reliable indicator 
of abortion. Oestrone sulphate was not an 
accurate indicator of foetal viability during 
late pregnancy”.

Pregnant Mare Serum Gonadotropin

Pregnant mare serum gonadotropin (also 
referred to as eCG-equine chorionic 
gonadotropin) is produced by foetal 
trophoblast cells that invade the maternal 
endometrium on days 35 through 38.These 
cells form “endometrial cups” that are white, 
raised plaques that increase in size until day 
60 of gestation. A maternal immunologic 
rejection against the endometrial cups 
results in a decrease in their size beginning 
around day 70 and continuing through day 
120 when they are no longer functional. 
Plasma concentrations of PMSG parallel the 
growth and regression of endometrial cups 
and are first detected from days 35 through 
40, peak between days 60 and 65, and 
decrease to low or non-detectable values 
between 120 and 150 days of gestation. 

The exact function of PMSG is undetermined 
and is the source of much controversy. 
Current popular theory is that PMSG is 
responsible for a luteinizing hormone-like 
activity that causes either ovulation and(or) 
luteinization of follicles resulting in formation 
of secondary CL. Serum analysis for PMSG 
should be performed between days 40 and 
120 of gestation. When abortion occurs 
after day 35, endometrial cups may persist 
for a short time which means that: 1) PMSG 
is still detectable and may be responsible 
for a false positive pregnancy diagnosis, 
and 2) these mares commonly fail to return 
to estrus. In addition, when mares are 
carrying a mule fetus, the immunologic 
rejection of the endometrial cups occurs 
much earlier and extremely low or non-
detectable concentrations of PMSG exist 
despite the persistence of pregnancy. 

An interesting observation is the apparent 
abortigenic ability of hCG when given to 
early (<35 day) pregnancies.It is interesting 
to speculate on the interactions of these 
gonadotropins especially in light of new 

evidence that suggests that not only are the 
secondary CL’s forming in association with 
PMSG, but that the primary CL of pregnancy 
has a resurgence that is temporally 
associated with the beginning of PMSG 
production.61 “The temporal association 
between the first detectable increase in 
concentrations of circulating progesterone 
and equine chorionic gonadotropin (eCG) 
was studied in pregnant mares. Blood 
samples were collected on days 15, 20 
and 25-40 from pony mares (experiment 
1; n = 11) and days 11-40 from horse 
mares (experiment 2; n = 10). Mares were 
ultrasonically examined daily to evaluate 
the primary corpus luteum (experiment 3; 
n = 2-6) and to detect the formation of 
secondary corpora lutea (experiments 1 and 
2). Formation of secondary corpora lutea 
was not detected in any mare prior to day 
40 in experiment 1, but was detected in one 
mare on day 38 and in two mares on day 
39 in experiment 2. In both experiments 
1 and 2, there was a significant main 
effect of day for circulating concentrations 
of progesterone and was attributable 
to decreased (P < 0.05) concentration 
between days 12 and 15 (experiment 2) 
and increased concentrations after day 32 
(experiment 1) or day 34 (experiment 2). 
Progesterone concentrations were higher 
(P < 0.05) on days 38, 39, and 40 than on 
days 29, 31, and 32 in experiment 1 and 
higher (P < 0.05) on day 40 than on days 
32, 33 and 34 in experiment 2. 

When progesterone concentration in 
experiment 2 were normalized to the day 
that eCG was first detected (mean, day 35), 
mean concentrations were lower (P < 0.05) 
before detection of eCG than on the second 
day after detection. The cross-sectional 
area of the ultrasonic image of the primary 
corpus luteum (experiment 3) was greater 
(P < 0.05) on days 39, 40, 41, and 42 than 
on days 30 and 33. The cross-sectional 
increases in area of the primary corpus 
luteum in experiment 3, closely paralleled 
the increases in progesterone concentration 
in experiments 1 and 2. Combined results of 
the 3 experiments supported the hypothesis 
that resurgence of primary corpus luteum 
occurs in pregnant mares between days 30 
and 40 and that the resurgence is a response 
to release of eCG into the circulation. More 
specifically, the results indicated that, on 
the average, the resurgence of the primary 
corpus luteum in the mare began on day 
35”.
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Biological tests rely on the effects of PMSG 
obtained from mare serum, upon the 
reproductive tract of laboratory animals, 
e.g., stimulation of rabbit ovaries (Friedman 
test), rat uterus, mouse uterus, and 
production of spermatozoa from male toads. 
A practical, inexpensive bioassay involves 
the injection of 0.5 to 1 ml of mare serum, 
subcutaneously into immature, 21-day-old 
female mice. Saline-injected mice serve 
as controls. The presence of PMSG will 
cause enlargement and congestion of the 
mouse uterus compared with controls when 
examined at 72 hours. The sensitivity of 
the biological assays is, in general, good. 
However, there is little diagnostic application 
for these assays because of the expense and 
time involved and the excellent immunologic 
testing methods now available. Immunologic 
methods of pregnancy diagnosis generally 
rely on an antigen/antibody reaction. 

The antibody is produced by hyper-
immunisation of another animal such as 
a rabbit, with PMSG as the antigen. Some 
reported immunologic assay systems are 
the haemagglutination inhibition test (HI), 
mare immunologic pregnancy (MIP) test, 
RIA, direct latex agglutination (DLA), and 
ELISA. In addition, a radioreceptor assay 
has been described. Serum from pregnant 
mares (diagnosed by ultrasonography) has 
been used to compare the efficacy of the 
MIP test, DLA assay, and ELISA.62 (Squires 
et al., 1983b). None of the 7 samples 
from pregnant mares obtained on day 35 
resulted in positive reactions with the HI 
or DLA assay, but 3 out of 7 (43%) were 
diagnosed positive, using ELISA. On day 
40, a greater (P < 0.01) number of mares 
were detected pregnant with the ELISA 
(16/16, 100%) compared to the HI (5/16, 
31%) or DLA assay (6/16, 37%). Between 
days 45 and 100, there were no differences 
in efficacy among the 3 tests. At 50 days 
and later, efficacy of the 3 tests ranged 
from 90 to 100%. Sera collected from 10 
non-pregnant mares were used as control 
samples. None of these samples resulted in 
positive reaction. The authors concluded that 
all 3 tests were simple, quick methods that 
could be used for detection of pregnancy in 
mares62 Although the DLA assay was the 
easiest to conduct, all 3 assay procedures 
could be performed in < 2 hours, and the 
ELISA, because of increased sensitivity 
could be used to detect pregnancy slightly 
earlier than the other 2 methods.

Progesterone

Progesterone is produced by the CL and 
functions to maintain pregnancy. The CL 
forms from luteinization of granulosa cells 
and theca interna cells from the wall of an 
ovulated follicle. The primary CL is formed 
from the follicle that released the oocyte 
that resulted in pregnancy. After fertilisation 
and recognition of pregnancy, the primary 
CL is maintained beyond day 15 until at 
least days 140 through 180 and probably 
longer. Progesterone concentrations peak at 
approximately day 20, then decline slightly 
until days 40 through 45 at which time 
secondary CL formation occurs resulting in 
an increase in progesterone measurements 
until days 80 to 90 of pregnancy. It is 
speculated that secondary CL form from 
follicles that are stimulated by 10-day cyclic 
pulses of follicle stimulating hormone (FSH) 
and that either ovulation and(or) luteinisation 
is initiated by PMSG. Ovariectomy commonly 
will result in abortion before day 60, but not 
after day 80.63,64 

Pregnancy is maintained by progestins 
(progesterone-like compounds) produced 
by the placenta beginning around days 60 
through 90, with increasing concentrations 
until parturition. “Pony mares were 
bilaterally ovariectomized at different stages 
of pregnancy between Days 25 and 210. 
Abortion or fetal resorption occurred within 
2 to 6 days after operations in all 14 mares 
ovariectomized between Days 25 and 45 
and after an interval of 10 to 15 days in 9 of 
20 other ovariectomized between 50 and 70 
days. All 12 mares ovariectomized on either 
140 or 210 days carried their foals to normal 
term. The termination of early pregnancy 
was preceded by a loss of uterine tone and 
of a palpable uterine bulge. The mean length 
of gestation in all mares in which pregnancy 
was not interrupted by ovariectomy was not 
significantly different from that in a group 
of contemporary control mares. Plasma 
progestagen concentrations dropped to less 
than 2 ng/ml after ovariectomy, whether 
or not pregnancy was maintained. Mares 
ovariectomized on Day 25 and injected with 
100 mg progesterone daily for 10 or 20 
days remained pregnant during treatment 
but showed a loss of uterine tone and 
the fetal bulge disappeared within 4 to 
6 days after the end of treatment. Non-
pregnant ovariectomized or intact seasonally 
anoestrous mares injected i.m. with 50 or 
100 mg progesterone daily for 8 weeks 
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showed changes in uterine tone, length 
and thickness similar to those occurring in 
mares during early pregnancy”. 

When used to assess ovarian activity 
in mares, measurement of plasma 
progesterone concentration is more reliable 
than observation of estrual behavioral 
patterns. Progesterone concentrations 
between 4 and 9 ng/ml are found 5 to 10 
days after ovulation. If pregnancy ensues, 
higher concentrations are observed during 
days 16 through 20, compared to mares 
destined to return to oestrus. In one study, 
measurement of plasma progesterone 
concentration in non-pregnant and pregnant 
mares at 2 stages, post-ovulation days 13 
through 17 and 18 through 22, was 3.08 
and 0.77 ng/ml in non-pregnant mares 
and 7.72 and 6.34 ng/ml in pregnant 
mares, respectively. Regardless, some 
pregnant mares will have low progesterone 
measurements and some dioestrous mares 
(with a retained corpus luteum) will have 
high progesterone measurements similar 
to those in pregnant mares. There are 
numerous progestins. 

If the assay for progesterone is not highly 
specific, many other progestins including 
progesterone metabolites will be measured 
in the serum and milk, particularly after day 
60 to 90 of gestation when progestins from 
the fetal placental unit are produced. In 
general, the radioimmunoassay (RIA) and 
ELISA are highly specific for progesterone, 
whereas competitive protein-binding 
assay will detect progestins as well. Since 
progesterone has been shown to play a key 
role in pregnancy maintenance, it is not 
surprising that progesterone administration 
to habitually aborting mares has become 
a fairly common practice. Generally, most 
of the pregnancy losses in mares occur 
during the first two months of gestation. In 
one study65 various doses and regimes of 
administering progesterone were evaluated 
for their efficacy in maintaining pregnancy 
in ovariectomized pregnant mares. Forty-
eight light-horse mares were confirmed 
pregnant on day 29 or 30 and randomly 
assigned to one of six treatments: 1) 
non-injected controls, 2) subcutaneous 
injection of 250 mg of progesterone in oil 
every other day, 3) and 4) intramuscular 
injection of 500 mg or 1000 mg of Repositol 
progesterone every four days, respectively, 
or 5) and 6) 22 and 44 mg of Altrenogest 
daily, respectively. Hormonal treatments 

began on day 29 or 30 and ended on day 
100 of gestation. As expected, none of the 
control mares maintained pregnancy after 
ovariectomy. Progesterone in oil (250mg) 
administered every other day was only 
marginal in maintaining pregnancy (5 of 8). 
Administration of Repositol progesterone 
(500mg every four days) was ineffective in 
maintaining pregnancy (1 of 8). In contrast, 
all mares administered 1000mg Repositol 
progesterone every four days maintained 
their pregnancy. There appeared to be 
no difference between the two doses of 
Altrenogest in maintenance of pregnancy; 
7 or 8 mares maintained pregnancy in each 
group.

Occasionally, mares experienced low levels 
of progesterone (less than 1ng per ml) 
and still maintained pregnancy. Therefore, 
progesterone insufficiency should not be 
based on a single blood sample, but should 
be based on 2 to 3 samples collected during 
a given week. In this study, mares that 
had > 4ng of progesterone per ml of blood 
were less likely to abort than those mares 
with levels less than 4ng per ml. The level 
of progesterone achieved by exogenous 
treatment is dependent upon the type of 
progesterone used and the frequency of 
administration. Aqueous progesterone is 
cleared extremely rapidly from the blood 
and, therefore, should not be recommended 
for pregnancy maintenance. 

Progesterone suspended in an oil base 
(sesame, safflower, corn oil, etc.) needs to 
be administered on a daily basis. Repositol 
progesterone was the most common 
form of progesterone available to the 
practitioner. This progesterone is suspended 
in a propylene glycol base and is cleared 
relatively slowly from the blood of the mare. 
Injections of Repositol progesterone should 
be given every 4 to 7 days. Altrenogest can 
not be measured in the blood of the mare, 
and therefore, its clearance from the blood 
stream is apparently unknown. However, 
daily administration is recommended. 

Based on current information, it appears 
that 1000mg of Repositol progesterone 
administered every four to seven days would 
maintain progesterone concentrations at 
optimal levels for pregnancy maintenance. 
If progesterone in oil is used, then 200 to 
300mg should be given daily. Altrenogest 
at a level of .044 mg per kg of body weight 
would appear to be effective in maintaining 
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pregnancy. More recently we transferred 
embryos66 into ovariectomized mares 
administered either 300mg of progesterone in 
oil daily or 22mg of Altrenogest administered 
orally on a daily basis. Fifteen of twenty 
embryos transferred into ovariectomized 
mares treated with injectable progesterone 
resulted in a pregnancy compared to 14 of 
20 embryos transferred into ovariectomized 
mares administered Altrenogest. “Embryo 
transfer into ovariectomized steroid-treated 
mares was used as a model to evaluate 
various progestin/estradiol treatments and 
to determine the level of progesterone 
necessary for the maintenance of pregnancy 
in mares. 

Once a donor mare was in estrus and had 
a > 35 mm follicle, an ovariectomized 
recipient was selected and assigned to one 
of three groups: 1) 1 mg estradiol (E-2) 
was injected subcutaneously daily until the 
donor mare ovulated; on the day of the 
donor mare’s ovulation, daily intramuscular 
injections of 300 mg progesterone (P4) 
were commenced and continued until the 
end of the experiment (Day 35); 2) E-2 
and P4 treatments were identical except 
E-2 was continued daily until Day 20; and 
3) The same E-2 treatment as Group 1, 
0.044 mg Altrenogest per kilogram body 
weight were administered daily until Day 
35. Embryos were recovered 7 d after the 
donor mare’s ovulation and were transferred 
via surgical flank incision. Twenty additional 
embryos (controls) were transferred into 
intact recipients that ovulated 1 d before 
to 3 d after the donor. Pregnancy rates 
did not differ (P > 0.05) among groups 
at Days 14 or 35. Pregnancy rates at 
Day 35 for mares administered injectable 
P4 (70%) were identical to those given 
Altrenogest. Overall, pregnancy rates for 
ovariectomized-progestin treated recipients 
(28 of 40, 70%) were similar (> 0.05) to 
that of intact mares (16 of 20, 80%). Dose 
of P4 was decreased in Groups 1 and 2 to 
200 mg (Days 35 to 39), 100 mg (Days 40 
to 44), 50 mg (Days 45 to 49) and 0 mg (> 
Day 50). Blood samples were collected once 
on Days 34, 35, 39, 40, 44, 45, 49 and 50 
and assayed for P4. Dose of Altrenogest was 
decreased to 0.022, 0.011, 0.0055 and 0 
mg per kilogram body weight at Days 35 to 
39, 40 to 44, 45 to 49 and > 50. Number 
of mares in Groups 1 and 2 that lost their 
pregnancy while given 200, 100, 50 or 0 mg 
P4 was 0, 2, 8 and 4, respectively. Doses of 
0.022, 0.011, 0.0055 and 0 mg Altrenogest 

per kilogram body weight resulted in 0, 6, 4 
and 3 mares aborting. 

Fetal death did not occur until concentrations 
of P4 decreased below 2.56 ng/ml 24 h 
after injection”.64 Apart from occasional 
enlargement of the clitoris seen in neonatal 
fillies,67 prolonged administration of 
Altrenogest has not resulted in any deleterious 
effects. Another form of progesterone 
administration reported is in microspheres. 
“Administration of progesterone in poly(d-,l-
lactide) microspheres was used to maintain 
pregnancy in mares after luteolysis was 
induced by treatment with prostaglandin 
F-2alpha at day 14 of pregnancy. Mares were 
given vehicle only (control, n = 6) or 0.75 g 
(n = 7), 1.5 g (n = 8), or 2.25 g (n = 5) of 
microencapsulated progesterone at days 12 
and 22 of pregnancy. Serum progesterone 
concentrations were determined daily, and 
pregnancy was evaluated by transrectal 
ultrasonography on alternate days. 
Significantly (P lt 0.05) more mares given 
1.5 or 2.25 g of progesterone (6 of 8 and 
4 of 5 mares, respectively), but not those 
given 0.75 g (3 of 7 mares), maintained 
pregnancy through day 32, compared with 
control mares (0 of 6). 

Progesterone concentrations decreased 
significantly (P lt 0.025) in all groups 
after administration of prostaglandin 
F-2alpha at day 14, and significant (P 
lt 0.05) effects of time and treatment 
on progesterone concentrations were 
found between days 12 and 22, and 22 
and 32. Although treatment with 1.5-g 
and 2.25-g doses of microencapsulated 
progesterone improved maintenance of 
pregnancy, compared with that of vehicle-
treated controls, administrattion of 2.25 g of 
microencapsulated progesterone appeared 
to be most efficacious in maintenance of 
pregnancy during the study interval”.
Micro-encapsulation has advantages in 
efficacy and a reduced administration 
schedule.

Therapeutic Considerations

Management

General There are few, if any, treatments 
to consistently decrease incidence of EED, 
but artificial insemination can limit bacterial 
challenge to a mare’s uterus, thus reducing 
potential losses from endometritis. In addition, 
any new information on causes and treatment 
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of endometritis should result in increased 
breeding efficiency. Strict adherence to 
repair of external conformation defects and 
thus a reduction in caudal reproductive 
tract contamination is important. Efficiently 
handling of twins, better management of 
placentitis, recognition of exposure factors 
for MRLS and prevention of devastating 
outbreaks of viral abortion are now able to 
be routinely prevented with management 
and/or vaccination.The transfer of embryos 
from mares with poor uterine-biopsy grades 
into normal recipient mares is recommended 
to provide an environment more conducive 
to pregnancy maintenance. 

Unfortunately, recovery of embryos from 
sub-fertile mares is low. Perhaps the changes 
most likely to result in a decrease in 
incidence of EED is improving management 
factors related to uterine environment, 
nutrition, environmental temperature, 
infectious diseases and other stresses. It 
seems that most problems of the horse 
are management related. There are few 
diseases or problems that our imposed 
management practices have not influenced 
or created. Take the case of the habitually 
aborting mare. It is most likely she has 
persistent and chronic uterine inflammation 
or fibrosis. We probably created it by, poor 
hygiene, lack of exercise, amalgamation of 
too many mares in a stressful environment 
and lack of appropriate therapy at the time 
of breeding or later. The pregnancy rates 
and foaling rates are generally better on 
well managed breeding farms despite the 
fact that there is absolutely no selection for 
reproductive efficiency, just speed or other 
performance related parameters. Our belief 
is that persistent, unidentified or poorly 
treated chronic inflammatory conditions of 
the uterus are responsible for the majority 
of problems of EED and abortion.

Foal Heat Breeding

One of the most important management 
issues still neglected somewhat is the 
practice of foal heat breeding.

Many of our clients wish to breed mares 
on foal heat. The reasons are generally 
obvious. The gestation of the mare averages 
340 days, but a significant number are 
longer. Most of us involved with commercial 
breeding farms recognise a financial penalty 
for foals born later than the normal accepted 
times. Without breeding at foal heat it may 

be hard to maintain a foaling interval of 365 
days in some cases. In addition, clients with 
brood mares on farms sometimes are paying 
high agistment costs and place pressure 
on managers to get their mares pregnant 
and send them home as soon as possible. 
Sometimes farm mangers cannot resist the 
temptation to breed at foal heat despite the 
potential problems, just because the mare 
is showing heat and their knowledge that 
foal heat mares ovulate quite quickly.

However, fertility has been reported lower 
in mares bred during the first post-partum 
ovulatory period compared with mares 
bred during subsequent cycles,12 and early 
embryonic death has been reported higher 
for mares bred at this time.12,16,19 This 
decreased fertility may be due to failure 
of elimination of microbes during uterine 
involution12,16 or their introduction at 
breeding. In addition, presence of uterine 
fluid during oestrus70 and dioestrus71,72 
has been shown to reduce fertility of mares. 
A study70 was conducted to evaluate two 
hypotheses: 1) uterine involution and fluid 
accumulation could be effectively monitored 
with ultrasonography and used to predict 
fertility of mares bred during the first post-
partum ovulatory cycle, and 2) delaying 
ovulation with a progestin would result 
in improved pregnancy rates in mares 
bred during the first post-partum ovulatory 
period. 

The previously gravid horn was larger than 
the non-gravid horn for a mean of 21 
days (range 15 to 25) after parturition. 
Uterine involution was most obvious at 
the corpus cornual junction. When the 
results of three ultrasonographic scans were 
similar, over a 5-day period, the uterus 
was considered to be involuted. On the 
average, uterine involution was completed 
by day 23 (range 13 to 29). Quantity and 
quality of uterine fluid were not affected 
by progestin treatment. Number of mares 
with detectable uterine fluid decreased after 
day 5 post-partum. Uterine fluid generally 
decreased in quantity and improved in 
quality between days 3 and day 15. Fewer 
(P < 0.005) mares became pregnant when 
uterine fluid was present during the first 
post-partum ovulatory period (3 of 9, 33%), 
compared to when no fluid was detected (26 
of 31, 84%). Mares with uterine fluid during 
breeding did not have appreciably larger 
uterine dimensions, compared with those 
mares not having fluid. 
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There was no relationship between uterine 
size on day of ovulation and pregnancy rate. 
Ovulations were delayed, and pregnancy 
rates improved in progestin-treated mares. 
More (P < 0.05) mares became pregnant 
(23/28, 82%) when they ovulated after 
day 15, in the first post-partum ovulatory 
period, than mares that ovulated before 
day 15 (6/12, 50%). Ultrasonography has 
been proven useful in detecting mares with 
post-partum uterine fluid. Further, it could 
be used to aid in determining whether 
a mare should be bred, treated, or not 
bred during the first post-partum ovulatory 
period. During oestrus, uterine fluid may be 
spermicidal and/(or) an excellent medium 
to support bacterial proliferation. When fluid 
is present during dioestrus, it may cause 
premature luteolysis or early embryonic 
death.71 (Adams et al., 1987). Quantity of 
uterine fluid during the first post-partum 
ovulatory period appeared to be related to 
stage of uterine involution, and was reduced 
or eliminated by delaying the ovulatory 
period with progestins. 

Progestin treatment not only allowed time 
for elimination of uterine fluid before the 
first post-partum ovulation, but it also 
significantly delayed the first post-partum 
ovulation. Results of this study concurred 
with those of others in which it was concluded 
that progestin treatment delayed onset of 
the first post-partum ovulatory period, but 
did not affect rate of uterine involution.Long-
term progestin administration to normal, 
cycling mares has not been shown to 
adversely affect fertility.However, treatment 
with progestins will affect uterine defense 
mechanisms and thus care is recommended 
before prolonged progestin treatment is 
administered to post-partum mares or mares 
susceptible to infection. Since there were 
decreased pregnancy rates associated with 
uterine fluid, and increased pregnancy rates 
as ovulation was delayed, it was suggested 
both techniques could be used to manipulate 
breeding strategies and improve pregnancy 
rates from normal mares bred during the 
first post-partum ovulatory period.

The approach used at the GVEH for 
management of foal heat breeding is listed 
below.

1) All mares are examined at day 2-4 
post foaling. By that time if problems 
have occurred during foaling then they 
will be identified. We believe that this 

exam is critical if we are to prevent 
mares become “problem broodmares”. 
Each year we identify mares that if 
inappropriately treated could become 
long term disasters. Approximately 5% 
of mares will have placental tags present 
(despite excellent staff management) 
and another 5% problems with metritis 
and uterine damage. Many (15%) will 
have delayed involution suggested by 
increased size of the uterus and volume 
of fluids present.

2) All mares are treated with an infusion 
of Lactated Ringers Saline with 
antibiotics. We believe that this helps 
only the occasional mare, but more 
importantly we have invaded the mares’ 
reproductive tract and the treatment 
is aimed at preventing iatrogenic 
contamination.

3) Mares with no abnormalities identified 
are scheduled to be re-examined on 
Day 9-10 post foaling. Mares will not 
be bred any earlier than Day10. On 
day 9-10 if the mare has ovulated she 
is scheduled for PGF2 administration 
in 6 days. If no uterine fluid is detected 
and uterine tone is good the mare may 
be scheduled to be bred. If there is a 
question the mare is treated and or 
re-examined according to follicle size 
and presence or absence of uterine 
fluid. It would be rare for a foal heat 
breed to take precedence over a non 
foal heat breed with a stallion with a 
busy book (>150 mares per season 
with natural service).

4) Great care is taken to avoid breeding 
mares with intra-luminal fluid 
accumulations.

5) Lastly there are two more guidelines 
that we adhere to. Firstly, we only 
breed mares on foal heat that are 
young and reproductively healthy (i.e. 
<12 YO and with their first, second or 
third foal) and secondly, mares that 
have been confined without exercise 
(i.e. lunging) due to foal problems such 
as angular limb deformities, are not 
bred on foal heat regardless.

Hormones

By far the most popular treatment to 
aid in pregnancy maintenance is the 
supplementation of progesterone or 
progestins. This occurs despite advice that 
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there is no scientific evidence to support 
the use of such compounds.13,79,80 
Most studies suggest that primary luteal 
inadequacy is not likely a cause of decreased 
progesterone levels.81 “Plasma progesterone 
concentrations were measured in 179 mares 
bled on alternate days commencing with a 
positive pregnancy diagnosis on Days 17 to 
18 after ovulation and concluding on Days 
42 to 45. During this period 17 mares (10 
per cent) lost their pregnancies, 11 before 
Day 25. In 15 mares the timing of the 
pregnancy loss could be determined with 
adequate accuracy; in only one did a decline 
in progesterone precede the loss. 

Thus pregnancy loss between Days 17 
and 42 was rarely caused by a fall in 
plasma progesterone”.The exception is 
failure of mares to maintain either a CL or 
pregnancy, when induced to ovulate from 
either the early transition or anoestrous. 
“Two experiments were conducted using a 
21-day GnRH analogue treatment regimen 
to induce ovulation in seasonally anovulatory 
mares. In Experiment 1, non treated (n=20) 
and treated (n=83) mares were defined 
as having inactive ovaries (largest follicle 
< 15 mm) at the start of treatment. 
In Experiment 2, non treated (n=7) and 
treated (n=10) mares were defined as 
having active ovaries (largest follicle 21 
to 29 mm) at the start of treatment. Less 
mares ovulated that had inactive ovaries at 
the start of treatment compared to mares 
that had active ovaries (26% versus 70%). 
In mares that had inactive ovaries at the 
start of treatment, the pregnancy rate on 
Day 11 (ovulation=Day 0) was not different 
between treated (14/22; 64%) and non-
treated (14/20; 70%) mares. However, 
the embryo-loss rate between Days 11 
and 40 was significantly higher in treated 
(9/14; 64%) than in non-treated (1/14; 
7%) mares. Losses tended to occur more 
frequently between Days 15 and 25. 

A significant decrease in progesterone on 
Day 15 in treated mares with embryo loss 
corresponded to the first day that embryo 
loss was detected. In mares that had active 
ovaries at the start of treatment, pregnancy 
rate, embryo-loss rate, and ovarian and 
hormonal end points were not significantly 
different between the treated and non-
treated mares. The results indicated that 
hormonal capacity was reduced and embryo-
loss rate was high following GnRH-induced 
ovulation in mares that had inactive ovaries 

at the start of treatment”.82 Another report 
suggests that although an apparent low 
incidence we should continue to watch 
out for mares with low progesterone that 
occurs before obvious foetal demise.84 
“Characteristics of spontaneous embryonic 
loss in 21 mares were compared with 
those of 52 contemporary mares that 
maintained pregnancy. Embryonic losses 
were, in retrospect, grouped according to 
day of loss and length of the interovulatory 
interval, respectively, as follows: group 1, 
≤ day 20 and < 30 days (n = 10); group 
2, ≤ day 20 and > 30 days (n = 3); and 
group 3, > day 20 and > 30 days (n = 8); 
ovulation was day 0. Mean diameter of the 
embryonic vesicle in group 1 was smaller 
(P < 0.05) on days 12-18 than in the 
pregnancy- maintained group, but among 
the pregnancy-maintained group and the 
embryonic-loss groups, the mean individual 
growth rates of vesicles was similar (no 
significant difference). 

A more frequent (P < 0.05) location of the 
vesicles in the uterine body on day 13 in 
group 1 was due to a greater proportion of 
small vesicles and for day 18 was due to a 
greater incidence of fixation failure. Luteal 
regression occurred at the expected time 
in 77% of the mares with loss sooner than 
day 20. Low concentration of progesterone 
on days 12, 15 and 18, a detected decrease 
in diameter of the corpus luteum on days 
15 and 18, and an interovulatory interval of 
≤ 30 days indicated that luteolysis was not 
prevented by the embryonic vesicle in group 
1. However, in mares in group 2, the corpus 
luteum was maintained as indicated by luteal 
diameters, progesterone concentrations, 
and prolonged interovulatory intervals. 
Thus, luteal maintenance occurred in 23% 
of mares with embryonic loss at ≤ day 
20. In group 3 (loss > day 20), circulating 
concentrations of progesterone were either 
maintained (four mares) after embryonic 
death (cessation of embryonic heartbeat) 
or appeared to decrease before death (two 
mares) or on the day of death (one mare). 
The decrease in progesterone on the day of 
death seemed to be associated with acute 
endometritis. In another mare, embryonic 
loss was associated with continuing low 
concentrations of progesterone, a flaccid 
uterus, an oversized embryonic vesicle, 
failure of development of an embryo proper 
and collapse of the large vesicle on day 42. 

The apparent drop in progesterone before 
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embryonic death in two of eight mares with 
loss after day 20 could have been associated 
with primary luteal insufficiency”.84 Thus, 
although in many cases pregnant mares 
are probably unnecessarily treated with 
progestins, they would appear to do no 
harm. An exception is mares that are 
chronically infected. Administration of 
either Altrenogest or natural progesterone 
to a chronically infected mare will enhance 
the infection process. The mare should 
first be scanned with ultrasound, cultured 
and a uterine biopsy obtained in order 
to confirm that she is not harbouring 
a uterine infection. Another exception is 
the use of compounds that are ineffective 
for the intended purpose. Studies at the 
GVEH were able to demonstrate failure of 
hydroxyprogesterone caproate to maintain 
pregnancy in ovariectomized mares.85 
Hydroxyprogesterone caproate is commonly 
used in many countries and apparently it 
has not been critically studied. 

Despite lack of definitive studies on 
frequency of a primary luteal defect on early 
embryonic death or the relative contributions 
of stress, PGF2 release associated with 
uterine inflammation, genetic abnormalities 
or uterine infection, many veterinarians, 
breeding farm managers and mare owners 
are convinced of the beneficial effect of 
supplemental progestagens. Perhaps 
inappropriate administration of therapeutic 
substances that lack scientific documentation 
of efficacy are an even bigger form of 
reproductive wastage due to cost and lack of 
specified effect. “Experimental animals were 
part of a herd of 95 mares in good body 
condition kept on pasture at the Goulburn 
Valley Equine Hospital and supplemented 
as necessary with lucerne hay and grain. 
Ultrasonography was used to assess follicular 
development, ovulation and to diagnose 
early pregnancy. Twenty five mares were 
inseminated with approximately 500x106 
progressively motile spermatozoa when 
they showed oestrus in association with a 
follicle greater than 30 mm in diameter. 

Fifteen mares diagnosed pregnant at 
day 14 after ovulation that had ovulated 
only one follicle were divided into three 
groups of five and treated as follows: 
Group A; supplemented with 500mg 
hydroxyprogesterone caproate administered 
IM every 7 days beginning on day 15 of 
pregnancy. Group B; supplemented with 
500mg hydroxyprogesterone caproate IM 

every other day beginning on day 15 of 
pregnancy. Group C; supplemented with 
0.044mg/kg of oral Altrenogest daily from 
15 days of pregnancy. All mares were 
unilaterally ovariectomized by colpotomy 
to remove the primary CL of pregnancy on 
day 17. Serum was harvested from mares 
on days 14, 16, 18, and 20, and analysed 
for progesterone using a commercial 
radio immunoassay. Ultrasonography was 
performed daily to monitor pregnancy after 
ovariectomy, presence of endometrial folds 
(Grade 0-3) and time to the next ovulation 
on the contra lateral ovary. Pregnancy loss 
was diagnosed by absence of a previously 
recorded vesicle.

Plasma progesterone concentrations in all 
mares were less than 1ng/ml the day 
following ovariectomy and were extremely 
low or undetectable in the following days. 
There was no difference in progesterone 
concentrations between any of the groups 
either before or after ovariectomy. All mares 
treated with hydroxyprogesterone caproate 
(groups A and B) lost their pregnancies 
within 5 days of ovariectomy. Characteristics 
of impending loss were observation of 
vesicle mobility (n=6) and the presence of 
endometrial folds (n=10) as the remaining 
ovary developed one or more large follicles. 
Pregnancy loss in mares in groups A and B 
was accompanied by a relaxing cervix. There 
was no difference in time to pregnancy loss 
for mares in group A or B. All mares treated 
with Altrenogest (group C) maintained 
pregnancy until 30 days. At that time, the 
heart beat was not visible in 1 of the 5 
pregnancies and the developing foetus and 
foetal fluids were slowly re absorbed. The 
four remaining mares were maintained on 
Altrenogest until day 100. One mare aborted 
a 10 month old foetus and subsequently, 3 
mares produced normal foals. All mares 
in groups A and B returned to heat and 
ovulated within 11 days after ovariectomy. 
Secondary CL development occurred at the 
expected times in the mares that remained 
pregnant (group C). The ovariectomy was 
a safe and efficacious procedure and no 
untoward sequelae were noted.

Hydroxyprogesterone caproate has been 
specifically advocated for use in pregnancy 
maintenance of mares (manufacturers’ 
recommendations). Despite lack of research 
data supporting the drug for this purpose, 
its use appears to be widespread. It 
was not the purpose of this study to 
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examine whether or not supplementation 
of progestagens is a rational therapeutic 
approach, however, if mares are treated 
with hydroxyprogesterone caproate with the 
expectation of actually helping them maintain 
pregnancy, then great caution would appear 
to be warranted. Our experiment suggests 
that hydroxyprogesterone caproate is not 
capable of supporting pregnancy when 
administered around day 18. In addition 
common sense would indicate that it is 
not likely to be of any more use when 
administered at a later time in pregnancy. 

In this study the method of ovariectomy 
did not appear to influence pregnancy 
loss, as Altrenogest was successful in 
maintaining all pregnancies until day 30 
and 4 of 5 pregnancies until well past the 
time when ovarian steroids are no longer 
necessary for pregnancy maintenance. It 
should be noted that mares administered 
hydroxyprogesterone caproate received 
either 4 times (group A) or 15 times (group 
B) the manufacturer recommended doses. 
Mares in group A received one and mares 
in group B received two treatments before 
ovariectomy. Because mares in these groups 
aborted, developed follicles and displayed 
oestrus behaviour after ovariectomy it is 
unlikely hydroxyprogesterone caproate had 
much binding to progesterone receptors 
in these mares or that time from first 
treatment to ovariectomy (2 days) was 
responsible for the drugs inability to maintain 
pregnancy. Current recommendations for 
hydroxyprogesterone caproate for pregnancy 
maintenance in mares were 500mg every 
2-4 weeks. Another point of interest in 
this study was the relatively quick time to 
pregnancy loss (mean; 3.1 days, range; 2-5 
days) compared to previous studies using 
PGF2α as the method of CL regression. 
The mean number of days to embryonic 
loss was greater for mares treated with 
PGF2α on day 12 (6.8 days) than for mares 
ovariectomized on day 12 (3.0 days).86 
Perhaps these findings demonstrate the 
effect of immediate total progesterone 
withdrawal as distinct from a more gradual 
decline noted after PGF2alpha release. In 
addition, in our study vesicle loss was 
always associated with a softening cervix 
and the presence of endometrial folds; 
however, mares did not ovulate for a mean 
of 7.8 days after unilateral ovariectomy 
(range 5-11 days). 

The results of this experiment suggest 

that pregnancy in mares with inadequate 
luteal function cannot be maintained 
with hydroxyprogesterone caproate at 
4-15 times the recommended dose rate. 
However pregnancy could be maintained by 
Altrenogest and endogenous progesterone 
supplementation from secondary CL 
development is possible despite exogenous 
progestagen therapy”.85 Another study 
from CSU recently re-examined the dose 
of progesterone necessary for pregnancy 
maintenance.87 “Exogenous progestins 
are often given to pregnant mares but 
many questions remain unanswered as to 
the relationship between concentrations 
of progesterone and embryo survival. 
Thus, embryos were collected 7 days 
after ovulation and transferred into either 
ovarian- intact recipients (I, n=15) or 
ovariectomized recipients which were given 
100 mg progesterone (L, n=15) or 1,500 
mg progesterone (H, n=15) daily.

Concentrations of progesterone were 
determined in all mares from days 0 to 13. 
Recipients were examined for pregnancy 
with ultrasonography during days 11 through 
25. Between days 28 and 100, twelve 
ovarian-intact, pregnant recipients were 
monitored for follicular and luteal changes 
and bled for determination of progesterone 
concentrations for 4 days at 2-week intervals. 
Twelve ovariectomized pregnant recipients 
were taken off injectable progesterone days 
25-30 and pregnancy maintained to day 
100 with an oral progestin, Altrenogest. 
Concentrations of progesterone in these 
mares were determined every 3 days. 
Progesterone treatment had no effect on 
maintenance of pregnancy to day 100 or 
size of embryonic vesicle (P>0.05). Levels 
of progesterone during days 1 to 13 were 
1.3 to 3.0 ng/ml, >25 ng/ml and 7 to 9 
ng/ml for groups L, H and I, respectively. 
Concentrations of endogenous progesterone 
in ovariectomized pregnant mares became 
>1 ng/ml by day 91 of gestation indicating 
placental progesterone secretion. Increased 
concentrations of progesterone from days 
60 to 100, seen in ovarian-intact, pregnant 
mares, were primarily due to secretions 
from corpora lutea. There was, in fact, a 
correlation between the number of 20-CL 
and progesterone level (r2=0.74). Initial 
formation of secondary CL’s (20-CL) occurred 
from 28 to 51 days, with peak formation of 
20-CL on days 55 to 70 of gestation”.

Finally, a further study was useful in 
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demonstrating just how little ability many 
of the progestagens either recommended or 
used actually have.

Twenty five mares diagnosed pregnant on 
day 14 after ovulation were divided into five 
groups of five and treated as follows:

Group A; Supplemented with 1000mg 
medroxyprogesterone acetate 
administered IM every 7 days beginning 
on day 16 of pregnancy.

Group B; Supplemented with 500mg 
hydroxyprogesterone hexanoate 
administered IM every 4 days beginning 
on day 16 of pregnancy.

Group C; Supplemented with 0.044mg/kg 
of oral altrenogest daily from 16 days 
of pregnancy.

Group D; Supplemented with five implants 
(total 15 mg) of norgestomet placed 
subcutaneously as a single treatment 
on day 16 of pregnancy.

Group E; Supplemented with 500mg 
megesterol acetate orally every day 
beginning on day 16 of pregnancy.

All mares were injected IM with 5 mg of 
the prostaglandin to induce luteolysis of the 
primary CL on day 18 of pregnancy. Mares 
were bled daily and serum was subsequently 
analysed for progesterone using an amplified 
enzyme-linked immunoassay (AELIA), 
developed and validated for horse serum,88 
until either abortion occurred or mares 
were ≥ 24 days pregnant with a foetus 
and detectable heart beat. Ultrasonography 
was performed daily to monitor pregnancy, 
presence of endometrial folds, time to the 
next ovulation and time to either pregnancy 
loss or recognition of the foetus within the 
vesicle and normal growth until day 30.

All 5 mares in each of Groups A, B, D and 
E aborted between 2 and 8 days after 
PGF2 administration, whereas none of the 
mares in Group C given altrenogest daily 
aborted. The number of mares that aborted 
on days 2, 3, 4, 5, 6, 7 and 8 post PGF2α 
administration were 10, 3, 3, 2, 1, 0 and 1, 
respectively and the mean (± s. d.) time to 
pregnancy loss was 3.3 (± 1.7) days.

Serum progesterone concentrations in all 
mares had fallen to less than 2 ng/ml the 
day following PGF2 administration and 
they remained very low or undetectable on 
the following days.

All the mares in Groups A, B, D and E 
returned to oestrus and ovulated within 
11 days after PGF2 administration. The 
mean (± s.d.) time to ovulation was 9.2 ± 
1.6 days.

The results of this experiment demonstrated 
convincingly that medroxyprogesterone 
acetate, hydroxyprogesterone hexanoate, 
norgestomet and megesterol acetate were 
unable to maintain pregnancy in mares 
between days 18 and 30 after ovulation in 
the absence of endogenous progesterone 
secreted by a viable CL. 

It is reasonable to conclude from these 
findings that the progestagens used in 
this study are not likely to be of any more 
use when administered at a later time in 
pregnancy. Pregnancy in the mare can be 
maintained solely by placental sources of 
progestagens from around day 80 -100 of 
gestation,63,65,90,91 but prior to this time 
ovarian corpora lutea, both primary and 
accessory13,65 are the only endogenous 
source of this vital hormone of pregnancy.

The progestagens chosen in this study are 
those commonly administered by equine 
veterinary clinicians either to prevent 
abortion or to modify undesirable behaviour 
in performance horses. The dose rates 
of progestagen administration were from 
manufacturer recommendations. It was not 
possible in this study to conclude whether 
abortion occurred as a result of insufficient 
progestagen binding to progesterone 
receptors or an insufficient progestagen 
dosage. Altrenogest was used as a positive 
control since it had been shown in a 
previous study to maintain pregnancy in 
ovariectomised mares.92 This earlier trial 
also showed hydroxyprogesterone caproate 
was incapable of maintaining pregnancy 
in the ovariectomised animals which 
apparently led the same substance being 
renamed and repackaged under the name 
of hydroxyprogesterone hexanoate. This 
difference in nomenclature was not known 
at the time that the present experiment 
began.

Despite a lack of basic research or efficacy 
data to support the administration of these 
compounds for pregnancy maintenance in the 
mare, they are widely used for this purpose. 
Hydroxyprogesterone hexanoate has been 
specifically advocated for use in pregnancy 
maintenance of mares (manufacturers’ 
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recommendations). We cannot understand 
how such blatant misrepresentation can 
go unchallenged, either professionally or 
legally.

We are now at least cognisant of a few 
progestagens that we can use. Progesterone 
at around 150 mg/day, Altrenogest at 22 mg/
day and microencapsulated progesterone 
spheres. Little data exist on supplementation 
later in pregnancy when the placenta is the 
only source of progestins.

A study examined progestins at this time 
and effect of supplementation.91 Two 
experiments were conducted to determine 
when a placental source of progestin was 
sufficient for maintaining pregnancy in the 
mare. In the first study, embryos were 
transferred into ovariectomized mares and 
pregnancy was maintained with altrenogest. 
Altrenogest treatment was terminated at 
either day 100 (n=6) or day 150 (n=6). 
Twelve ovarian-intact mares were assigned 
to a second experiment on day 100 of 
gestation. On day 160 of gestation, these 
mares were assigned to one of three 
treatments: 1) ovariectomy on day 160 
and given Altrenogest to day 200 (n=4); 2) 
ovariectomy on day 180 and given Altrenogest 
to day 250 (n=4); or 3) ovariectomy on 
day 200 and given Altrenogest to day 300 
(n=4). Blood samples were collected every 
2 weeks from all mares in both experiments 
from day 100 to parturition and assayed for 
concentrations of progestins. Pregnancy loss 
from day 100 to parturition was not different 
among groups in either experiment. Serum 
concentrations of progestins in ovary-intact 
mares were greater (P<0.05) than those 
in ovariectomized pregnant mares until 
day 130, after which they were similar. 
Serum concentrations of progestins in 
the ovariectomized pregnant mares rose 
gradually from day 100 until near parturition. 
Serum concentrations of progestins in the 
ovary-intact pregnant mares declined from 
day 100 to day 157 did not vary significantly 
from day 157 to day 245, then rose until 
near parturition. Serum concentrations of 
progestins tended to decrease the sixth day 
prior to parturition. 

From these data, it was concluded that 
even though the ovary is a significant 
source of circulating progestins until day 
130 of pregnancy in the mare, the feto- 
placental unit produces sufficient progestins 
to maintain pregnancy by day 100 of 

gestation.Unfortunately this and other 
studies have not been able to address the 
question of whether or not supplementation 
of the feto-placental unit would ever be 
likely to be required.

Supplementation of oestrogens have been 
recommended93 or suggested for further 
examination.94

Nishikawa suggested the rationale behind 
supplementation was to prolong the life 
of the CL. He administered stilboestrol in 
either tablet or injectable form at a dose 
of 60-90 mg (injectable) or 144-200 mg 
(orally) over a two month period starting at 
the third or fourth month of gestation. Fifty 
seven percent of supplemented animals 
had miscarried one to five times prior to 
the years in which the experiment was 
performed (1949-54). Significantly less (P 
< 0.0001) treated animals aborted (19/576 
- 3.3%) compared to control animals 
(474/3734 - 12.7%). Nishikawa states “that 
the treatment with estrogen is definitely 
effective for preventing abortion in mares”, 
and “the treatment was highly praised by 
farmers”. Despite this convincing evidence 
further studies have failed to find any 
effect of diethylstilboestrol on progesterone 
secretion. 

The work of Pashen96 suggests that we 
need to look further at the role of the 
foetal gonads in pregnancy maintenance 
and parturition. “The effects of fetal 
gonadectomy on steroid production and 
the maintenance of pregnancy in the mare 
were studied. Removal of the fetal gonads 
resulted in an immediate fall in maternal 
plasma concentrations of conjugated 
and unconjugated oestrogens whereas 
progestagen levels remained unchanged. 
Hormone profiles in mares carrying sham-
operated fetuses remained similar to those in 
un-operated control mares. Plasma levels of 
13,14-dihydro-15-oxo- PGF-2 alpha (PGFM) 
were much lower, and uterine contractions 
weaker, during labour in mares carrying 
gonadectomized foals than in control mares. 
Pregnancy was maintained until parturition at 
term in the mares carrying gonadectomized 
fetuses. However, 3 of the 4 gonadectomized 
foals were dysmature and died during or 
soon after birth. The biosynthetic pathways 
involved in the production of oestrogens by 
the feto-placental unit and the possible role 
of oestrogens in fetal development in the 
pregnant mare are discussed”.
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Supplementation with GnRH

A slight increase in pregnancy rate per cycle 
and more importantly a decrease in EED per 
cycle has been demonstrated with the GnRH 
agonist Buserelin.

Two trials involving 578 mares were 
performed to investigate the effect of a 
single intramuscular treatment of 40 mu 
g buserelin, an analog of gonadotrophin 
releasing hormone, on pregnancy rate in 
mares. All mares were bred by natural 
mating and were allocated into pairs. 
One mare in each pair was injected with 
buserelin either on Day 10 or 11 (Trial 1) 
or on Days 8 to 10 (Trial 2) after ovulation. 
Pregnancy status of mares was determined 
by transrectal ultrasonographic examination 
on Day 14 or 15 after the day of ovulation 
and was repeated between Days 28 and 30 
of pregnancy. In Trial 1, buserelin treatment 
increased the pregnancy rate at Days 14 
and 15 (72.5 vs 66.6%; P<0.01). At the 
second pregnancy examination, pregnancy 
losses were lower in the treated group 
of mares (4.1 vs 7.4%; P<0.05). In Trial 
2, buserelin also improved the pregnancy 
rate (57.2 vs 53.5%; P<0.05) at Days 14 
and 15. Pregnancy losses between the first 
and second examinations were lower in 
the treated group of mares (6.5 vs 12.0%; 
P<0.05). Buserelin increased pregnancy 
rates after breeding at the first estrus in 
both trials. In addition, buserelin treatment 
increased the pregnancy maintenance rate 
at Days 28 to 30. This finding has potentially 
interesting ramifications but needs to be 
replicated by others.

Further work by Newcombe has strengthened 
the data We conducted a series of trials 
over a four-year period on a total of 2,346 
mares, to determine the effect of a single 
dose of the GnRH analog buserelin (20 to 
40 mug im or sc) on pregnancy rates when 
given between 8 and 12 days after service. 
Although there were some statistically 
significant improvements in pregnancy rates 
in individual trials, meta-analysis of the data 
overall showed significant improvements at 
all times examined, i.e. 13 to 16, 19 to 23, 28 
to 31 and 38 to 42 days after service. These 
results indicate that treatment of mares with 
20 to 40 mug buserelin between Days 8 and 
12 significantly increases pregnancy rates 
by approximately 10 percentage points.98 
In addition another study has supported 
the hypothesis (although the pregnancy 

rates were quite low).99 It is not currently 
understood why this therapy is beneficial. 
One possibility is that the GnRH may be 
luteotropic and thus stimulate the primary 
CL of pregnancy.

Other Considerations

Antibiotics

Our belief is that persistent, unidentified 
or poorly treated chronic inflammatory 
conditions of the uterus are responsible 
for the majority of problems of EED and 
abortion. It is common to see uterine 
inflammation using ultrasonography in 
mares that have undergone early pregnancy 
loss and then are given prostaglandins to 
return them to estrous. Therapies aimed 
at reducing this inflammation, infection 
and irritation are a primary goal in our 
practice. To this end mares with a history 
of recurrent pregnancy loss are biopsied 
wherever possible and if the primary problem 
is uterine inflammation they are placed 
on broad spectrum antibiotics throughout 
pregnancy.100 The results from our practice 
appear very encouraging. When pregnancy 
continues, antibiotics are administered for 
5 consecutive days every month. As with 
many treatments of endometritis, there is 
no experimental data available to document 
the efficacy of such treatments. However, at 
the GVEH we have been using this approach 
for 14 years now and have little doubt 
that the number of mares maintaining 
pregnancy is much higher than those mares 
not treated.

A study was reported wherein potential cases 
of chronic uterine infection/inflammation 
were treated with antibiotics, monthly, 
during all of the pregnancy. Because not 
all EED and abortion is caused by bacterial 
infection/inflammation it was not expected 
that all mares would maintain pregnancy. 
The population we chose to treat had all 
undergone either EED or abortion at least 
once in the last season prior to entering the 
trial.

At the conclusion of the study 43 mares had 
entered the program they had a mean age 
of 14.2 years and had EED or abortion an 
average of 2.2 times in the preceding 3.4 
years.

At the conclusion of the study 36 mares had 
become pregnant (84%). Of the 36 pregnant 

SAEVA Proceedings.indd   258 2/11/09   11:45:13 AM



259

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

mares 3 underwent EED (8.3%), 4 aborted 
(11.1%) and 29 had foals (80.6%).101 
(McKinnon, 1998).

Please recognise that valid significant 
scientific data may not be possible to actually 
obtain from these studies. In the study 
presented above there were no controls. 
Caution is advised in interpreting studies 
without contemporary controls.

A recent publication highlights well the 
effect of post foaling irritation.102 “Records 
of 1,009 pregnancies in 574 foaling, 
barren and maiden Thoroughbred mares 
on a single stud farm, over a period 
of 12 years were examined. The farm 
is situated in the Eastern Cape Province 
of South Africa, at an elevation of 1800 
m, and in an area of climatic extremes. 
Records of 604 pregnancies in 249 foaling 
Thoroughbred mares were examined. For 
these purposes, those pregnancies in which 
a mare conceived in the same breeding 
season during which she had foaled were 
considered as pregnancies in foaling mares. 
Pregnancy was confirmed by rectal palpation 
by a single experienced practitioner. Of 
the 604 pregnancies examined, conceptus 
attachment occurred in the horn opposite the 
previously gravid horn in 345 cases (57%), 
and in the previously gravid horn in 259 
cases (43%; P < 0.005). Unobserved foetal 
loss after pregnancy diagnosis amounted to 
30 (9%) in the former group, while in the 
latter group (pregnancy established in the 
postgravid horn) 46 pregnancies were lost 
(18%; P < 0.005). This study confirmed 
that conceptus attachment tends to occur 
in the uterine horn opposite the previously 
gravid horn in foaling Thoroughbred mares 
conceiving during the same season. A 
significantly higher incidence of foetal loss 
accompanied conceptus attachment in the 
postgravid horn. Of 242 pregnancies in 162 
previously barren mares, 95 (39%) occurred 
in the left uterine horn and 147 (61%) in 
the right horn (P < 0.005). The incidence 
of pregnancy failure in this group was 7%. 
The side of attachment did not affect the 
rate of loss. Evaluation of the records of 
163 maiden mares revealed that conceptus 
attachment occurred in the left uterine 
horn in 58 (36%) pregnancies and in the 
right horn in 105 (64%) pregnancies (P < 
0.005), which is consistent with previously 
reported observations. Pregnancy failure 
was recorded in 4% of maiden mares. 
Side of attachment did not influence rate 

of loss in this group”.Lastly we would 
serve our clients best by trying to identify 
which mares are in a high risk category 
for abortion or EED, rather than trying to 
diagnose what has made the mare loose 
the pregnancy. “Equine high-risk pregnancy 
can be caused by conditions of the fetus or 
placenta. Placental abnormalities are the 
most common cause of equine abortion. 

Conditions that lead to equine high- risk 
pregnancy can be caused by infectious 
agents, physical abnormalities, or the 
ingestion of toxins. The diagnosis of fetal and 
placental conditions can be very challenging, 
as clinical signs are often absent; the 
most common premonitory sign of fetal or 
placental disease is premature lactation. Most 
congenital abnormalities (arthrogryposis, 
hydrocephalus, and hydrops, etc) have 
no treatment. Therapy in these cases 
is directed at facilitating parturition to 
salvage the future breeding potential of 
the mare. Patients with some infectious 
causes of high-risk pregnancy, such as 
bacterial placentitis, can be successfully 
treated. Early recognition of the infection 
and aggressive antimicrobial therapy, in 
some cases, control the infection and 
prolong gestation until a viable fetus is born. 
Additional therapy for placentitis can include 
the use of non-steroidal anti-inflammatory 
drugs and supplemental progestins”.In this 
regard foetal monitoring has been useful 
in identification of placental problems and 
to aid in decision processes based on 
probability of successful treatments.

Immune Stimulation

Finally, the report immune stimulation104 
having an apparent benefit on the mares 
reproductive tract resulted in us utilising 
the therapy (Eqstim) during estrous and 
in early pregnancy. The aim has been to 
reduce acute inflammation. Thirty-seven 
mares, barren for at least one year, were 
diagnosed to have endometrial inflammation 
by cytological examination and/or bacterial 
culture. Sixteen of these mares (the control 
group) were treated with prostaglandin and 
reevaluated cytologically within 10 days of 
behavioral estrus. Fifteen out of sixteen 
(15/16) (93.8%) remained positive for 
endometrial inflammation. Twenty-one mares 
(immunologically treated group) were treated 
with Propionibacterium acnes by injecting 1 
ml per each 113.3 kilograms body weight 
intravenously on days 1, 3, and 7 following 
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the diagnosis of endometrial inflammation. 
They also received prostaglandin. Twelve 
of the immunologically treated mates were 
examined cytologically as were the control 
mares. One of twelve examined (1/12) 
(08.3%) was positive cytologically for 
endometrial inflammation when examined 
within 10 days after behavioral estrus. 
The other nine mares in the treated group 
were bred on the first behavioral estrus 
following treatment. Nine of nine (9/9) 
were determined to be pregnant to 60 days 
gestation. 

The other treated mares were bred following 
the cytological evaluation. Eighteen of 
the twenty-one treated mares(18/21) (85 
7%) were confirmed pregnant to 60 days 
gestation.

Further work on another immuno-modulator 
(Equimune IV)105 has given further 
confidence to this as an approach to pre 
and post breeding inflammatory problems 
in mares. Endometrial mRNA expression of 
the pro-inflammatory cytokines interleukin-
1beta (IL-1beta), interleukin-6 (IL-6), and 
tumor necrosis factor alpha (TNF-alpha) 
was assessed in mares resistant (RM) or 
susceptible (SM) to persistent post-breeding 
endometritis (PPBE). Eight RM and eight 
SM, were selected based on reproductive 
records and functional tests out of a herd 
of 2000 light cross-type mares. Three 
experiments were done to study transcription 
patterns in (i) basal conditions; (ii) after 
artificial insemination (AI); and (iii) after 
administration of an immunomodulator at 
time of artificial insemination. Endometrial 
biopsies were taken during consecutive 
cycles: (i) at estrus, when follicles reached 
35 mm and at diestrus (7 +/- 1 days after 
ovulation); (ii) at 24 h post-AI, with dead 
semen (estrus) and in diestrus; (iii) at 24 
It after treatment with a Mycobacterium 
phlei cell-wall extract (MCWE) preparation 
and All (with dead semen), and at diestrus. 
MRNA expression was quantitated by real 
time PCR. Under basal conditions, SM had 
significantly higher mRNA expression of all 
cytokines in estrus and of IL-1beta and TNF-
alpha in diestrus, compared to RM. After AI, 
there were no differences between RM and 
SM in estrus; however, mRNA expression 
for all three pro-inflammatory cytokines 
was higher than under basal conditions. 
In diestrus, RM showed significantly lower 
IL-1beta and TNF-alpha mRNA expression 
than SM. 

When MCWE was administered at time of AI, 
no differences between cytokine induction 
from RM and SM were found. Globally, 
mRNA expression for all three cytokines 
correlated well among themselves when 
expression was high. The present study 
showed that (i) in basal conditions RM had 
lower mRNA expression of pro-inflammatory 
cytokines than SM with no effect of estrous 
cycle; (ii) AI upregulated mRNA expression 
for all three cytokines in both RM and SM, 
with persistance in diestrus in the latter; 
(iii) treatment with MCWE at time of AI 
downregulated mRNA expression of IL-1 
with significant effects in SM which behaved 
like RM. Immunomodulation with MCWE 
could be of help in restoring homeostatic 
local inflammatory mechanisms, thus 
assisting in the prophylaxis of post-breeding 
endometritis in mares.

When a mare has a history of habitually 
aborting or experiencing EED, the decision 
of whether to use immune stimulation, 
supplement or not with progestins or 
antibiotics is largely at the discretion of the 
owners and managers. Many owners and 
mare or farm managers, having invested so 
much time and money in getting the mare 
pregnant, will feel compelled to supplement 
or treat regardless of lack of documented 
efficacy and our advice.
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A novel technique using 
Chrome Agar to diagnose 
equine reproductive tract 

bacterial pathogens
Angus O McKinnon and David P Beehan

1. Introduction

The most common microbiological 
pathogens of reproductive tract disease in 
the horse are Streptococcus sp, Escherichia 
coli, Klebsiella pneumoniae, Staphylococcus 
Aureus and Pseu-domonas aeruginosa. The 
traditional approach to the detection of 
these pathogenic microorganisms is to swab 
the reproductive tracts of the mare or 
stallion and then inoculate one or more 
general purpose media such as Horse Blood 
Agar (HBA) or MacConkey agar, followed 
by aerobic incubation at 37°C for 24-48h. 
Identification of the suspect pathogens has 
been based on colony size, morphology, 
haemolytic patterns, gram-stain and further 
bio-chemical testing.

The principle of chrome agar is the use of 
chromogenic substrates incorporated into the 
agar that reveal genus- or species-specific 
enzyme activities of microorganisms1. These 
chromogenic substrates release specific 
coloured dyes when hydrolysed by enzymes 
of pathogenic microorganisms, thus resulting 
in readily identifiable coloured colonies2. 
The in-clusion of multiple chromogenic 
substrates into the culture media facilitates 
the differentiation of polymicrobial cultures 
by causing the development of multiple 
coloured colonies. Selective chromogenic 
media was first used in 1976 for the 
direct identification of Escherichia coli 
in the primary culture of urine3. Since 
then, a wide range of chromogenic culture 
media has been developed for the use in 
diagnostic clinical microbiology. For exam-
ple, in human medicine a chrome agar has 
been developed that allows the rapid and 
highly sensitive identification of methicillin-
resistant Staphylococcus aureus (MRSA). 
A positive result can now be available as 
early as 18h, leading to the improvement of 
infection control measures in hospitals.

A number of chrome agars have been 
developed for the accurate and rapid 
identification of pathogens of the human 
urinary tract. These include Streptococcus 
sp, Escherichia coli, Klebsiella pneumoniae, 
and Pseudomonas aeruginosa. Urine cultures 
in human hospitals contribute greatly to 
the daily workload of a microbiological 
laboratory4, hence there has been much 
research devoted to the development of 
highly specific chrome agars that have 
the same ability to detect urine pathogens 
as the combination of traditional blood 
agar and Mac-Conkey agars and reduce 
laboratory workloads. Chrome Urinary Tract 
Infection (UTI) agar is one such media that 
has been developed by OXOID©.

The potential of Chrome UTI agar for use 
in our veterinary practise was first realised 
after a ‘Google’ search was performed 
by one of us (AOM) to find a practical ‘in 
house’ labora-tory technique to diagnose 
Pseudomonas aeruginosa and Klebsiella 
pneumoniae. The prime directive was 
a number of thoroughbred stud farms, 
standing breeding stallions and serviced 
by the practice, that requested that all 
mares visiting their stallions be screened 
for the above named pathogens before 
being accepted for service. In addition the 
technique needed to allow rapid identification 
of bacteria associated with endometrial 
infection.

The use of Chrome UTI agar had also been 
reported to allow identification of other 
less common pathogens of the human 
urinary tract including Staphylococcus sp., 
Enterobacter aerogenes, Enterococcus 
faecalis, Citrobacter sp., Proteus sp and 
Candida sp.

It appears Chrome Agar has not been 
reported to be used in this area of veterinary 
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medi-cine before.

2. Materials & Methods

From August 2006 until December 2008, 
a total of 1374 endometrial swabs and 
1158 clitoral swabs were collected from 
thoroughbred mares on farms serviced 
by practice veteri-narians and from other 
regional veterinary practices. The swabs 
were transported to the laboratory in 
transport media. On arrival the name of the 
mare, the breeding farm, the stal-lion farm, 
the date and time are recorded. The swabs 
were then streaked directly on Chrome 
UTI agar, HBA and MacConkey split agar 
plates (OXOID©). Plates were incubated 
aerobi-cally at 37ºC, and examined at 24 
and 48h. Examination at 24h is required 
to identify heavy mixed cultures that may 
require sub-culturing so individual colonies 
could then be identified at 48h. Also at 24 
h presumptive identification of pure uterine 
cultures permits antimicrobial sensitivity 
testing to begin, with results available at 
48h for stud farms. All plates are then 
re-examined at 48h for a final evaluation. 
A negative result is only confirmed at 48h. 
Any fur-ther subculturing or antimicrobial 
sensitivity testing is performed at this 
stage. When all microorganism identification 
is complete and antimicrobial sensitivities 
are analysed a com-plete report is made 
available to both the stallion farm and 
brood mare farm. In general, for reasons of 
discretion, a positive result was only made 
available to the broodmare farm.

Using Chrome Agar generally microorganisms 
are identified by their colour5 and gram stain 
appearance, however to confirm the presence 
of Pseudomonas aeruginosa and Kleb-siella 
pneumoniae biochemical testing is always 
performed. The biochemical test kits used 
at the practice laboratory (Goulburn Valley 
Equine Hospital – GVEH) are also produced 
by OXOID©. These tests are designed 
to be easy to set-up, easy to interpret, 
accurate and allow same day results6. 
They are the RapID™ NF Plus system 
(for the diagnosis of medically im-portant 
glucose non-fermenting gram-negative 
rods e.g. Pseudomonas aeruginosa), the 
RapID™ ONE system (for the identification 
medically important Enterbacteriaceae and 
other selected, oxidase negative, gram 
negative bacilli e.g. Klebsiella pneumoniae), 
and the RapID™ SS/U (for the identification 
of medically important microorganisms 

commonly iso-lated from urine specimens).

3. Results

The colour and colony appearance guide 
provided in table 1, was used to identify the 
number and identification of the bacteria 
isolated. The identification of microorganisms 
was made at both 24h and 48 h.

The diagnosis of Pseudomonas aeruginosa 
was based on colony appearance, a positive 
oxidase test, identification by gram-stain of 
gram negative rods and after subculturing, 
to ensure pure colonies, a RapID™ NF 

Species  Total no.   Appearance of colonies on
   mi-croorganisms Chrome UTI Agar
   detected

Pseudomonas 29  Variable. Usually cream/pale
aerugi-nosa   green or tan/brownish. 
     Oxidase posi-tive. Good 
     but slow growth

Klebsiella  30  Good growth, Large purple/
pneumoniae   deep blue/metallic navy 
     colonies (lar-ger than E. coli)

Escherichia 831  Good growth, darkish pink 
coli     colonies

Streptcoccus 687  Good growth, light blue 
spp.    colonies

Staphylococcus 446  Good growth, generally
spp.    white colonies. Oxidase 
     negative, always Catalase 
     positive

Enterobacter 92  Dark blue/ Navy. Similar 
aerogenes   but subjectively smaller 
     than Klebsiella sp

Citrobacter 35  Dark blue/ Navy. Usually
spp.    smaller than Klebsiella sp 
     and Entero-bacter sp

Enterococcus 134  Good Growth, light blue 
spp.    colonies

Proteus spp 188  Good growth, brown colonies. 
     Swarming colonies

Candida spp 3  Good but slow growth. 
     Blue/white or variable colonies

Table 1 Colony Identification Guide.

Fig 1. A positive Oxidase test result. 
A purple colour within 30 seconds 
is a posi-tive result. Oxidase tetss 
are performed by lightly rubbing the 
suspect colony on the test strip
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Plus identification test was performed. 
The similar appearance of Staphylococcal 
sp. colo-nies and those of Pseudomonas 
aeruginosa required an oxidase test to be 
performed. Oxidase Test Strips (Oxoid©) 
were used to perform this test. It had been 
noted that the emergence of Pseudomonas 
aeruginosa colonies are somewhat slower 
than other tested microorganisms, and 
therefore a 48h examination of incubation 
plates, despite a previous presumptive 
diagnosis, was required in all cases. Also 
noted was the unique effect that pyocyanin, 
a blue-green pigment typically produced by 
Pseudomonas aeruginosa, had on sensitivity 
plates.

The diagnosis of Klebsiella pneumoniae 
required the differentiation of these 
colonies from those of Enterobacter sp and 
Citrobacter sp as their similar appearance on 
Chrome UTI agar prevented differentiation 
among them2. They were differentiated 
by subculturing when nec-essary to isolate 
single colonies, a gram stain to confirm a 
gram-negative rod and then the RapID™ One 
test was performed for final identification.

The identification of yeasts, especially 
Candida sp. by Chrome UTI Agar were 
typically made while performing a gram-
stain to identify what microorganism was 
responsible for a positive uterine swab 
or during antimicrobial sensitivity testing, 
when results showed resis-tance to all 
antibiotics tested. Chrome UTI agar had not 
been designed to identify yeasts as they 
are not a common cause of human urinary 
tract disease. However there are Chrome 
Agar plates that can be used to identify and 
differentiate Candida sp. Candida sp were 
typically slower growing than bacteria.

 

Fig 2. Pseudomonas aeruginosa. The cream coloured colonies are the most common colony 
types 
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Fig 4. The large colonies of Klebsiella pneumoniae, also present with -Haemolytic Strepto-
coccus sp. and E. coli colonies. 
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Fig 7. A Candida sp. at 72 hours 
 

If a uterine swab result showed a positive growth, antimicrobial sensitivity testing was per-
formed, using colonies taken from the chrome agar. The antibiotics tested at our facility were 
Penicillin, Gentamicin, Ticarcillin, Neomycin, Ceftiofur and Enrofloxacin. Occasionally hy-
drogen peroxide (H2O2) was also used to examine sensitivity. These were the most commonly 
used and available uterine therapeutic agents to our practice veterinarians.  
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If a uterine swab result showed a positive 
growth, antimicrobial sensitivity testing was 
per-formed, using colonies taken from the 
chrome agar. The antibiotics tested at our 
facility were Penicillin, Gentamicin, Ticarcillin, 
Neomycin, Ceftiofur and Enrofloxacin. 
Occasionally hy-drogen peroxide (H2O2) 
was also used to examine sensitivity. These 
were the most commonly used and available 
uterine therapeutic agents to our practice 
veterinarians.

Any positive endometrial swabs that grow 
four or more different bacterial colonies 
were presumed to be contamination and 
re-swabbing of the affected mare was 
advised.

4. Discussion

The use of Chrome UTI Agar is a new 
and exciting technique to help identify 
the patho-gens of the equine reproductive 
tract. It has revolutionised our practices 
microbiological management.  It has a 
number of advantages over traditional 
methods of microbial identification.
These include;
1) reduction in the time required for 

processing samples,
2) ease of colony identification,

3) reliability of colonies taken from Chrome 
UTI Agar for pathogen identification 
and an-timicrobial sensitivity

4) proven high level of sensitivity of 
Chrome UTI Agar in identifying 
pathogens5.

The slightly higher cost of chromogenic agar 
per plate ($ 1.15) compared to conventional 
split platemmedia ($0.58) can be offset 
by a reduced need for complementary 
reagents and less labour associated with 
the processing of culture plates and suspect 
pathogens1.  The disadvantages of this 
technique include;
1) Slightly higher cost of Chrome UTI Agar 

plates for low numbers of processed 
samples

2) occasionally slower growth of 
Pseudomonas aeruginosa colonies

3) it is of no benefit in the screening and 
diagnosis of Taylorella equigenitalis, 
another po-tential cause of reproductive 
disease that recently has emerged 
again in the USA

4) the diagnosis of Candida sp is not reliable 
unless a gram stain is employed

5) it does not differentiates Streptococcus 
sp.

Due to the limited availability of regional 
laboratory facilities that offer a rapid and 
correct screening service in our area, the 
introduction of Chrome UTI Agar at the 
GVEH has been very successful. It has 
resulted in a fast and accurate service. This 
was especially important when samples 
were plated from mares close to a weekend 
when traditional services were not able 
to provide a report at a time suitable to 
facilitate breeding a mare that was required 
to be presented with a negative culture to 
potential pathogens.
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Fig 10.A Candida sp in a mixed culture that was resistant to all antibiotics tested, but sensi-
tive to a centrally placed drop of hydrogen peroxide 
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Introduction

With the acceptance of frozen semen by 
the Quarter Horse Association and the 
Standardbred Registries in Australia, the 
overall interest and use of this breeding 
method has increased significantly in recent 
years. Proper handling and maintenance of 
semen frozen and stored in liquid nitrogen is 
critical to the success of artificial insemination 
with frozen semen. International distribution 
of frozen semen allows stallion owners 
access to foreign markets and provides a 
method for mare owners to access semen 
from stallions that are the best genetic 
matches for their mares. The development 
of the frozen semen industry depends 
upon high standards of quality control set 
by the industry and the adoption of fair 
and equitable breeding contracts that offer 
guarantees of fertility similar to those offered 
for cooled or fresh semen contracts.

Liquid Nitrogen Storage 
Systems

The majority of equine frozen semen is 
stored in aluminum, double walled, vacuum-
sealed liquid nitrogen containers. The inner 
container wall is surrounded by insulating 
foil and then enclosed in an outer aluminum 
wall. The air is evacuated from the space 
between the two walls and sealed. Access to 
the inner container is through a long neck 
tube that is sealed with a styrofoam neck 
cork. The superior insulating properties of 
this system allows for the maintenance of 
liquid nitrogen temperatures throughout the 
container even when only a few centimeters 
of liquid is present. For storage of tens of 
thousands of straws in a single container, 
many large commercial bull studs utilize 
large stainless steel storage containers. 

Both types of containers provide safe, 
reliable, ultra-low temperature storage for 
semen samples without relying on electricity 
or mechanical parts. Several manufacturers 
produce these containers in a wide variety 
of capacities and holding times to fit 
most any needs. A list of several popular 
liquid containers produced by Minnesota 
Valley Engineering, Inc. along with their 
specifications is given in Table 1.

There are two important factors to consider 
when selecting a liquid nitrogen storage 
container: storage capacity and holding 
time. The number of straws or frozen 
semen that can be stored in a given tank 
depends upon the size of the straws, the 
manner in which they are packed (bulk vs. 
goblets on canes, etc.) and the size and 
number of canisters within the container. 
Some canisters are too short to hold 4 or 
5 ml “macrotubes” used by some semen 
freezing facilities. Try to anticipate storage 
requirements prior to selecting a nitrogen 
container. The second factor to consider is 
the availability of liquid nitrogen to refill the 
containers on a regular schedule. The refill 
frequency will depend upon the holding time 
or “working duration” for a given container. 
The volume of liquid nitrogen determines 
the holding time that the container can 
maintain, the nitrogen evaporation rate and 
the frequency with which the container can 
be opened. The nitrogen evaporation rate is 
directly related to the diameter of the neck 
opening. 

A small diameter opening provides longer 
holding time because of the reduced 
evaporation rate however; the smaller 
opening also limits the size and number of 
canisters, thereby reducing storage capacity. 
Ideally one should select a container that 
provides the required amount of storage 
capacity with the longest possible holding 
time. We have found that the MVE XC 47/11 
(or similar models (Taylor-Wharton HC 35) 
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from other manufacturers (see range of 
Taylor-Wharton products at the end of 
the article) offers the best combination of 
large capacity and nitrogen efficiency for 
semen stored in our laboratories. While 
these containers are extremely reliable, 
occasionally they will lose vacuum and fail. 
To protect against the possible loss of an 
entire inventory of semen from a given 
stallion, it is advisable to have more than a 
single container so that the inventory from 
each stallion can be divided among different 
containers. Also, if a tank loses vacuum and 
starts to rapidly evaporate nitrogen, you 
must have another container to transfer the 
semen into.

Maintenance of Liquid 
Nitrogen Containers

Properly maintained, frozen semen can 
remain viable for many years. Following 
some simple guidelines for proper care and 
handling of liquid nitrogen containers will 
help prolong the useful life of the containers 
and ensure that valuable frozen semen is 
not lost due to tank failure.

1. Keep containers in a well-ventilated, 
dry room. Nitrogen gas escaping 
from storage containers is colorless, 
odorless and tasteless and the amount 
that escapes from properly functioning 
containers is minimal. However, it is 
remotely possible that if containers 
were failing and kept in a very small 
poorly ventilated room, the nitrogen 
in the air could accumulate, reducing 
the percentage of oxygen to dangerous 
levels.

2. Do not place aluminum containers 
on concrete floors. Concrete flooring 
promotes corrosion of the aluminum 
and could lead to tank failure.

3. Keep containers in an area where they 
can be visually inspected on a daily 
basis. A container that is rapidly losing 
vacuum will accumulate frost around 
the neck. If it is noticed, the semen 
can be transferred to another container 
before all of the nitrogen evaporates 
and the semen is lost.

4. Check liquid levels once per week and 
record to determine the evaporation 
rate of each individual container. To 
check liquid levels, use a dark colored, 
solid dipstick. Place the dipstick into 
the container and allow it to freeze then 
remove the dipstick, and read the liquid 

level as the lowest part of the u-shaped 
frost line. All containers will eventually 
lose some vacuum. By checking levels 
regularly and recording evaporation 
rates you can identify those tanks that 
are becoming inefficient and transfer 
semen before a problem occurs. Most 
manufacturers will also refurbish older 
containers and re-evacuate and seal 
them to prolong the useful life.

5. Top off containers when liquid level 
drops to ½ capacity.

6. Never allow liquid levels to drop below 
5 cm. Some manufacturers produce 
alarm devices that can be fitted to 
containers and signal when liquid 
nitrogen drops to dangerous levels.

7. Inspect the neck cork regularly for 
damage. Damaged corks will result 
in greater nitrogen evaporation and 
reduced holding time.

Inventory Control

The amount of semen in inventory and the 
rate at which inventory levels fluctuate 
determines what type of system works best 
for documenting frozen semen inventory. 
In our laboratories we have developed a 
computerized system, which allows inventory 
levels to be updated easily as new semen 
is added or existing semen is removed. 
The system records all of the pertinent 
identifying information on the straws as well 
as package type, post-thaw quality, export 
status and container location. This system 
allows our office to receive a shipment 
request from a stallion or mare owner 
and have a shipping container packed and 
labeled for shipment within the hour. 

The system also generates transaction 
summaries and current inventory reports to 
be sent to clients along with monthly storage 
bills. Obviously, smaller inventories do not 
require such an elaborate system. However, 
some insurance companies will require a 
properly documented semen inventory and 
nitrogen level log to qualify for coverage. 
Numerous manual systems have been used. 
One system that works well involves index 
cards for each ejaculate of semen stored 
in a given tank. As straws are removed, 
the index card is updated so that a running 
inventory of that batch is readily accessible. 
When a new batch is frozen, a new card 
is added to the file for that tank. Each 
card contains all the pertinent information 
regarding that batch of semen.
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Working Safely With Liquid 
Nitrogen

At atmospheric pressure, nitrogen in liquid 
form boils at a temperature of -1960C 
(-3200F). Obviously, anything this cold is 
dangerous and precautions must be taken 
to avoid serious injury when handling it. 
Additionally, liquid nitrogen expands upon 
vaporizing tremendously. One liter of liquid 
nitrogen expands to nearly 25 cubic feet 
of nitrogen gas. The following precautions 
are recommended when working with liquid 
nitrogen.

1. Do not allow liquid nitrogen to 
contact skin. This can cause extreme 
frostbite, freezing human tissue almost 
instantaneously.

2. Do not allow objects cooled by liquid 
nitrogen to touch bare skin. These 
objects may stick to the skin and 
tear away tissue when the object 
is removed. Always use forceps or 
tongs to remove items from storage 
containers.

3. Do not seal containers tightly. Nitrogen 
storage containers must be adequately 
vented in order to prevent a build up 
of gas pressure that could severely 
damage or even burst the container. 
Icing or frost could prevent proper 
venting and neck tubes should be 
checked for such obstructions.

4. Avoid spilling or splashing nitrogen 
when transferring from container to 
container. Use of phase separators on 
filling hoses from pressurized tanks will 
minimize splashing of nitrogen during 
container refilling.

5. Never us a hollow tube or rod to 
measure liquid levels as the gasification 
and expansion of the rapidly warming 
liquid inside the tube will force liquid to 
spurt from the top of the tube.

6. Liquid nitrogen should be disposed of 
only in outdoor areas by pouring slowly 
onto the ground where it can evaporate 
into the open air.

FrOzeN SeMeN 
DiSTribUTiON

Shipping Frozen Semen

Care should be taken when transferring 
frozen semen from storage to shipping 
containers. Exposure of frozen semen to 

room temperature should be no more 
than a couple of seconds; therefore this 
should be performed with shipping and 
storage containers placed side by side. 
Always work within the neck of the storage 
container, below the frost line while locating, 
identifying, and grasping straws. Use a pre-
cooled hemostat or tweezers and transfer 
the straws quickly one by one to the shipping 
container. Be careful not to drop the straws 
into the bottom of the canister as they are 
extremely brittle at this temperature and 
could easily crack. Lower the straws into 
the canister slowly and then the canister 
back into the shipping container. Repeat this 
procedure until all the straws are loaded.

As equine semen is frozen in a variety of 
package types, the number and size of 
straws to be shipped will vary from laboratory 
to laboratory and stallion to stallion. If 0.5 
ml straws are used, they may be stored 
in bulk; loosely held in large goblets with 
diameters close to the size of the canister 
inside the shipping container. Alternatively, 
they may be stored 4 or 5 straws per small 
goblet placed onto aluminum “canes”. This 
is the primary storage method for bovine 
semen. Large volume straws, typically 4 or 
5 ml volume “macrotubes” are also used for 
equine semen and are placed directly into 
canisters without goblets. In either case, 
cotton should be placed around the brittle 
straws to prevent them from hitting the side 
of the canister or goblet during shipping.

In an effort to monitor temperature histories 
inside shipping or storage containers, we 
can use special indicator ampules. Two 
glass ampules containing colored liquids 
are mounted onto an aluminum cane. The 
two colored liquids have different melting 
points. The blue liquid melts at –100oC and 
if melted indicates a potentially damaging 
temperature rise at some time inside the 
tank. The red liquid melts at –55oC, a 
temperature, which may damage frozen 
semen and indicated that semen quality 
has possibly been compromised. To use, the 
liquid in the glass ampules is frozen in liquid 
nitrogen while holding the can upside down 
(i.e. the liquid is frozen in the wide base 
section of the ampule). Once the ampules 
are cooled completely, the cane is inverted 
and placed inside the canister of the shipping 
container. If at anytime during shipment the 
temperature inside the canister rises to 
dangerous levels, one or both of the liquids 
will melt moving it into the bottom of the 
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ampule. Even if the tank is refilled, the 
ampule will be “tripped” indicating a history 
of elevated temperature and alerting the 
recipient of a possible problem.

Shipping Containers

Although some distributors transport frozen 
semen in small liquid storage containers, 
shipping frozen semen in best accomplished 
using containers specifically designed for 
transport. Chart – MVE and Taylor Wharton 
both produce vapor shipping cartons that 
safely and economically maintain liquid 
nitrogen temperatures for small quantities 
of semen over a one to three week time 
period. The inner cavities of all vapor 
shippers are surrounded by layers of 
hydrophobic absorbent material which when 
charged contains the liquid nitrogen in 
vapor phase and maintains an inner cavity 
temperature of less than –150oC. Table 
2 lists the various vapor series shippers 
currently available from Chart-MVE. Note 
the range of capacities and holding times 
available. A very important consideration is 
the “full weight” of these shippers as most 
express mail services are quite expensive.

The advantages of using vapor shippers are: 
1) safety and 2) non-hazardous classification. 
Liquid shippers which are laid on their side 
or tipped over during transport will lose all 
liquid nitrogen and warm rapidly, destroying 
valuable semen and perhaps costing stallion 
owners thousands of dollars. Also, spilled 
liquid nitrogen is a safety hazard and could 
cause serious shipping delays and possible 
injury to handlers. Because of this, liquid 
shippers must be classified as containing 
hazardous materials, which requires special 
paperwork and increases shipping costs. 
Vapor shippers on the other hand contain no 
“liquid” nitrogen per se. 

The nitrogen vapor absorbed into the 
containers insulating layer provides the 
coolant. Hence, vapor shippers are often 
referred to as “dry shippers”. Although 
holding time of vapor shippers is reduced if 
laid on their sides, some vapor will remain 
absorbed and keep the semen safely frozen 
for a short period of time. No liquid nitrogen 
means no hazardous materials classification 
and fewer shipping restrictions. Vapor 
shippers are generally lighter than liquid 
storage tanks and are therefore also less 
expensive to ship.

Chart-MVE manufactures a “mushroom” 
shaped protective shipping carton for all 
sizes of shipping tanks. The carton is base-
wide with a rounded top that reduces the 
likelihood of the tank tipping over or being 
loaded upside down or on its side. The hard 
molded plastic carton also helps prevent 
tank damage due to normal shipping use.

One disadvantage of using vapor shippers 
may be unique to the equine AI industry. 
Unlike the bovine industry, mare owners 
and veterinarians do not generally own 
nitrogen storage tanks. Therefore, it is 
often necessary for the inseminating 
veterinarians to keep the semen for some 
time after shipping in the transport tank. Our 
distribution contracts allow for mare owners 
to keep shipping tanks for ten days after 
arrival to functions as short-term storage 
tanks during the mare’s estrous. Some 
vapor shippers do not have holding times 
long enough to allow this. In cases where 
nitrogen storage is not readily available, we 
ship semen in small liquid shippers (SC11/7) 
or two and three week vapor shippers (SC 
4/2V, SC 4/3V). 

To increase the safety of liquid shippers, 
Chart-MVE has developed “vapor canisters” 
which contain the same absorbent material 
as is found in vapor shippers. When shipping 
a small amount of semen in a liquid tank 
(SC 11/7 for example), one canister could 
contain the semen and several of the other 
5 canister slots can be loaded with vapor 
canisters. The vapor canisters provide the 
security of having a few days holding time 
if the tank is tipped and liquid nitrogen is 
lost. This is ample time for the tank to be 
refilled or for the semen to be transferred to 
another storage tank. A different approach 
to the above problem is to use a vapor 
shipper that has been fully charged without 
dumping out the excess liquid nitrogen. In 
our experience, this extends s the holding 
time of an SC 4/3 V vapor shipper for three 
to five days.

Most equine frozen semen is shipped using 
specialised couriers or Express Mail services 
such as Federal Express and UPS in the 
US and AaE – Australian air Express in 
Australia. Before attempting to ship liquid 
nitrogen containers with any carrier, contact 
the company and obtain the instructions for 
properly completing appropriate paperwork 
as well as instructions for packaging and 
labeling the containers. Overlooking a small 
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detail on the paperwork or a missing address 
can cause delays in shipment or rejection of 
the package for delivery.

When shipping frozen semen it is critical for 
distributors to provide a detailed accounting 
of semen inventory as well as thorough, 
clear instructions on thawing, handling, 
and insemination. All too often, semen is 
shipped with little or no instruction on its 
application. Different freezing techniques 
require specific thawing techniques and 
the instructions included with the semen 
should be followed precisely. The freezing 
organization is in the best position to know 
which thawing technique and insemination 
protocol yields the best results for semen 
from a particular stallion or for semen 
frozen by a particular technique. In general, 
0.5 ml straws are thawed by immersion in 
a 37oC water bath for >30 seconds. When 
multiple straws are used per insemination 
dose, all straws should be thawed, dried 
and opened so that the contents can be 
emptied into a sterile pre-warmed container 
and drawn into an insemination pipette. 
Some laboratories recommend thawing 
0.5 ml straws in a 75oC water bath for 
exactly 7 seconds. Obviously, the timing 
for this protocol is critical, as exposing the 
straws to such extreme temperatures for 
1 or 2 seconds too long will damage the 
spermatozoa. Semen frozen in large straws 
(2.5 to 5.0 ml volume) is typically thawed 
at 50oC for 40 to 45 seconds. Once thawed 
the semen should be inseminated into the 
mare immediately.

Quality Control for Frozen 
Semen

While no specific standards for frozen semen 
quality exist in the equine industry, there 
are some generally accepted guidelines 
that are adhered to by most of the larger 
organizations involved in commercial 
freezing. Methodology to assess sperm 
quality is the topic of another presentation 
in this conference. Most commercially 
distributed semen contains between 600 
million and 1 billion total sperm per dose 
although in France, an insemination dose 
of 400 million total sperm is used. It 
is generally accepted that thawed semen 
should contain > 30% progressively motile 
sperm and > 200 million progressively 
motile sperm per dose. In our laboratories, 
semen is frozen to contain 800 million 
to 1 billion sperm per dose. The total 

sperm per dose varies depending upon the 
stallion’s initial semen quality (motility and 
morphology) and the results of initial test 
freeze evaluations. Our goal is to provide > 
300 million progressively motile sperm per 
dose after thawing.

Stallion semen may contain bacteria and 
viruses that are potential pathogens. Bacteria 
and viruses survive very well through the 
cryopreservation process. Extenders for 
semen freezing should contain antibiotics 
that prevent the proliferation of bacteria 
that may be in the semen. Periodic culture 
of thawed semen from every stallion should 
be performed to insure that the antibiotics 
used are effective in controlling growth of 
pathogenic bacteria. Furthermore, stallions 
should be tested for the presence of viruses 
such as equine viral arteritis virus prior to 
semen freezing.

Exporting Frozen Semen

Frozen semen allows stallion owners access 
to International markets for the sale of 
breedings. It also provides mare owners 
with the ability to choose a stallion that 
is the best genetic match for their mare 
without the geographical limitations of fresh 
or cooled semen breeding. Semen for export 
must be frozen under strict regulations set 
by the importing countries. It is important 
for veterinarians and stallion owners to be 
aware of these regulations to determine 
if an International distribution program is 
appropriate for their situation. Semen for 
export must be collected and frozen at a 
facility inspected regularly and certified 
by the USDA as having met the strict 
requirements set by the various importing 
countries. Member countries of the European 
Union, Australia and New Zealand all have 
established regulations and USDA approval 
requirements for facilities processing semen 
for export. Both Australia and New Zealand 
have residency requirements for donor 
stallions that may require them to enter the 
collection facility two to four weeks prior to 
the start of collections during which time a 
number of health tests must be performed. 

The European Union and occasionally 
Australia (depending on country to export 
to) provide an option for non-resident 
stallions that allows for semen from a 
stallion entering the collection facility to 
be collected and frozen immediately upon 
entry. The semen must be held at the 
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facility for a mandatory 30 day quarantine 
period after the last collection during which 
time the donor stallion must undergo a 
number of tests to determine health status. 
The semen may only be exported after the 
30 day period and only after all testing is 
completed and negative results obtained.

Although the details of the collection center 
requirements differ slightly between various 
importing countries there are some common 
general requirements that are listed below.

1. The center must be under the 
direct supervision of an accredited 
veterinarian.

2. The center must be inspected biannually 
by a AQIS, USDA, APHIS, VS official 
veterinarian.

3. Donor stallions must have no direct 
contact with non-center horses.

4. The laboratory for processing semen 
must be separate from stabling and 
collection areas.

5. There must be a separate locked area 
for secure storage of frozen semen.

6. The collection area must be constructed 
of materials that can be readily 
disinfected.

7. Detailed records of all center activities 
must be kept. These include movement 
of all animals into and out of the center, 
health history, testing dates and semen 
collection and storage records.

8. New or disinfected collection equipment, 
storage and shipping tanks must be 
used.

9. Egg yolk used in semen extenders must 
come from flocks of chickens certified 
free of a number of avian diseases 
(SPF).

10.Each dose of frozen semen must be 
permanently labeled with identification 
of the donor stallion, collection center 
and date of collection.

Disease testing of donor stallions is carefully 
monitored and clear guidelines will be 
available

Frozen Semen Marketing 
and Breeding Contract 
Considerations

One of the main objections to the use of frozen 
semen by mare owners is that the costs to 
manage mares for insemination with frozen 
semen are prohibitive. Often times, frozen 
semen is purchased “by the dose” with no 

guarantees and veterinarians are asked to 
inseminate mares only once during estrous. 
It has been demonstrated (Dobrinski, et al., 
1995; Ellington, et al., 2000) that frozen-
thawed spermatozoa from some stallions 
do not bind normally to the mare’s oviductal 
epithelium thus reducing the ability of the 
mare to establish sperm reserves within the 
reproductive tract. These reserves insure 
that viable sperm are present in the oviduct 
at the time of ovulation when insemination 
precedes ovulation. Numerous studies have 
examined the relationship between timing 
of insemination and fertility (Pace and 
Sullivan, 1975; Aliev, 1980; Vidament, et 
al., 1997). 

For frozen semen, fertility was reduced when 
insemination occurred more than 24 hours 
before ovulation or 12 hours after. It is 
generally recommended that frozen stallion 
semen be inseminated within 12 hours prior 
to or within 6 hours after ovulation. The 
perceived shortened life-span for frozen-
thawed stallion spermatozoa within the 
mares reproductive tract combined with 
the “by the dose, no guarantee” system of 
marketing semen has led to the practice 
of 3 to 4 time per day examinations 
of mares inseminated with frozen semen. 
Veterinarians often advise mare owners 
exploring the use of frozen semen that 
“around the clock” ultrasound examinations 
must be performed on mares in the 
periovulatory period if reasonable pregnancy 
rates are to be expected. Mare owners are 
then discouraged from using frozen semen 
because of the costs associated with such a 
management scheme. 

Although it is a widely held belief among 
practitioners and breeders, there is no 
evidence in the literature to support the 
theory that mares inseminated with frozen 
semen must be inseminated within 6 - 8 
hours prior to ovulation to achieve acceptable 
pregnancy rates. Vidament, et al., (2000) 
reported a per-cycle pregnancy rate of 54% 
for 446 mares inseminated with frozen semen 
in France. These mares were examined only 
once daily during estrus and inseminated 
daily after detection of a 35 mm follicle. 
These pregnancy rates compare favorably 
with those reported by Barbacini (2000) 
for mares on a very intense management 
scheme. After detection of a 35 mm follicle 
and i.v. injection of 2000 IU hCG, these 
mares were examined ultrasonagraphically 
every 4 to 6 hrs until ovulation was 
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detected. The mares were then inseminated 
with a single dose of frozen semen. The 
per-cycle and seasonal pregnancy rates 
for 559 mares were 41.3% and 76.7%, 
respectively. Obviously, the mares bred in 
France required more doses per pregnancy 
than those in the Barbacini report but the 
reduced veterinary costs incurred in the 
management of the mares should offset 
the increased cost of semen used. The 
availability of more than one insemination 
dose per cycle may allow the use of a much 
simpler, less costly insemination scheme for 
mares bred with frozen semen (see article 
on Frozen semen).

Stallion owners should be encouraged to 
formulate breeding contracts for frozen 
semen that are fair and equitable for the 
mare owners. The “buy by the dose, no 
guarantee” approach to marketing frozen 
semen is counterproductive to developing 
the frozen semen market. By driving up 
mare management costs and not providing 
any guarantees of fertility, this system 
leaves owners of negative mares with a 
very poor attitude towards the technology. 
Frozen semen AI is just another method of 
breeding, like transported-cooled semen 
AI, fresh semen AI or natural service. 
Each method has its advantages and 
disadvantages. Regardless of the method 
used, the mare owner is contracting with 
the stallion owner to produce a foal. This 
should be viewed as the common goal 
between the parties. 

In the bovine AI industry semen is sold by 
the dose. This system works well for bovine 
frozen semen because frozen semen of 
young bulls is adequately fertility tested and 
bulls with poor fertility are generally culled 
from production. In the equine industry, 
it may take years to inseminate enough 
mares with frozen semen from a given 
stallion before a statistically significant 
indication of fertility is obtained. In addition 
we do not have adequate incentives to use 
frozen semen fertility as a selection criteria 
for breeding decisions. Most commonly 
pedigree, performance and conformation 
are the only selection criteria. 

We encourage stallion owners to do test 
inseminations of frozen semen to establish 
pregnancies before marketing semen to 
the public, however many owners do not 
have access to the mares or are unwilling 
to use the frozen semen for this purpose. 

Until a better system for fertility testing 
frozen semen from stallions is available, 
stallion owners should be encouraged to 
offer the same types of guarantees with 
frozen semen that they would for any other 
type of breeding method. Furthermore, 
a contract that provides for at least two 
inseminations per cycle for up to three or 
four cycles per season would be more in 
line with cooled semen contracts and would 
divide the responsibility for a successful 
breeding more equally between the stallion 
and mare owners.
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Models     CX100  CXR100  CX500  CXR500

Static Holding Time days (1)  24  16  11  11

Working Time days (2)   17  11  7  7

Evaporation Rate (1) liters/days 0.18  0.23  0.60  0.60

Liquid Nitrogen Absorbed liters  4.4  3.7  6.4  7.7
Weight Empty lbs.   11 .7  11.7  30.0  30
kg.     5.3  5.3  13.6  13.6
Weight Full (3) lbs.   19.5  18.3  41.4  43.7
kg.     8.9  8.3  18.8  19.8
Neck Diameter in.   2.78  3.58  8.5  8.5
mm.     71  91  216  216
Overall Height in.   18.4  19.4  26.9  26.9
mm.     467  493  683  683
Overall Diameter in.   9.2  9.2  15.5  15.5
mm.     234  234  391  391
Number of Canisters   1  1  N/A  N/A
Canister Dimensions in.  2.64x11.0 2.64x11.0 N/A  N/A
mm.     67x279  67x279  N/A  N/A

Number of 1.2 ml & 2.0 ml vials 
(5/cane) (4)    85  85  500  500

Number of 1.2 ml & 2.0 ml vials 
(6/cane) (4)    102  102  500  500

Number of 1/2 straws (10/cane) 1820  1820  N/A  N/A

Number of 1/2 cc straws Bulk 
( 1 level)    280  280  N/A  N/A

Number of 1/2 cc straws Bulk 
( 2 levels)    490  490  N/A  N/A

Padded carton    37019277 37019277 N/A  N/A

5 shelf rack    N/A  N/A  RS309C44 RS309C44

Poly Carb 100 box   N/A  N/A  R24K9C44 R24K9C44
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AppeNDix: THe TAYlOr-WHArTON rANge OF cANiSTerS.

CX Series -Dry shippers.

Models     CX100  CXR100  CX500  CXR500

Static Holding Time days (1)  24  16  11  11

Working Time days (2)   17  11  7  7

Evaporation Rate (1) liters/days 0.18  0.23  0.60  0.60

Liquid Nitrogen Absorbed liters  4.4  3.7  6.4  7.7
Weight Empty lbs.   11 .7  11.7  30.0  30
kg.     5.3  5.3  13.6  13.6
Weight Full (3) lbs.   19.5  18.3  41.4  43.7
kg.     8.9  8.3  18.8  19.8
Neck Diameter in.   2.78  3.58  8.5  8.5
mm.     71  91  216  216
Overall Height in.   18.4  19.4  26.9  26.9
mm.     467  493  683  683
Overall Diameter in.   9.2  9.2  15.5  15.5
mm.     234  234  391  391
Number of Canisters   1  1  N/A  N/A
Canister Dimensions in.  2.64x11.0 2.64x11.0 N/A  N/A
mm.     67x279  67x279  N/A  N/A

Number of 1.2 ml & 2.0 ml vials 
(5/cane) (4)    85  85  500  500

Number of 1.2 ml & 2.0 ml vials 
(6/cane) (4)    102  102  500  500

Number of 1/2 straws (10/cane) 1820  1820  N/A  N/A

Number of 1/2 cc straws Bulk 
( 1 level)    280  280  N/A  N/A

Number of 1/2 cc straws Bulk 
( 2 levels)    490  490  N/A  N/A

Padded carton    37019277 37019277 N/A  N/A

5 shelf rack    N/A  N/A  RS309C44 RS309C44

Poly Carb 100 box   N/A  N/A  R24K9C44 R24K9C44
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Table 1. Selected Chart-MVE Aluminum Liquid Storage 
Containers

MVE Model         SC 3/3    SC 11/7    SC 20/20   XC 22/5   XC34/18   XC 
         47/11
Max. Storage
Capacity
No. of Canisters   6           6      6      6    6    6 
         (or 10)
No.1/2ml            ----       540          540           2,400      2,100        4,500
straws
(canes)
No.1/2 ml          732       780          780           3,666       3,000        6,216
straws
(bulk)
No. 5 ml           ----       150           150          480         450    930
Macrotubes
Unit
Dimensions
Neck Opening    2 (51)    2    2 (51)       3.81        3.5    5 
in (mm)     (51)                          (97)        (89)    (127)
Canister           5           11    11    11  11    11
Height in
(mm)       (127)     (279)        (279)        (279)       (279)          (279)
Weight Full       14.4      36.6          62.5          66  96    120
lbs (kg)           (6.5)     (16.6)        (28)          (30)        (43.5)         (54.6)
Performance
LN Capacity      3.6       11   20.5          22.4        34.8            47.4
(liters)
Working          19         35   137           40  123             76
Duration
(days)

Table 2. Selected Chart-MVE Aluminum Vapor Shipping 
Containers

MVEModel    SC2/1V  SC4/2V  SC4/3V  Mini-Moover Cryo-Moover

MAX. STORAGE CAPACITY

No. of Canisters    1  1  1  1  1
No. 1/2cc straws (10/cane)  ----  280  120  60  3080
No. 1/2cc straws (1 level bulk)  88  440  210  88  4354
No. 4 or 5 ml Macrotubes   ----  70  40  19  560

UNIT DIMENSIONS

Neck opening in (mm)   1.4 (35)  2.75 (70) 2 (51)  1.4 (35)  3.8 (97)
Canister height in (mm)   5 (127)  11 (278)  11 (278)  11 (278)  11 (278)
Weight full lbs (kg)   8.8 (4)  18 (8.1)  20.6 (9.3) 11.6 (5)  38 (17.2)

PERFORMANCE

Liguid nitrogen capacity (liters)  1.5  3.6  4.3  2.9  4.2
Normal working duration (days)  8  14  21  8  12
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Intracytoplasmic Sperm 
Injection (ICSI)

Angus O. McKinnon

Introduction

An examination of the procedures, 
opportunities and some of the ethical issues 
of human assisted reproductive techniques 
(ART) would appear relevant to this 
discussion on equine ICSI. The reasons for 
human ART are often different than those 
of domestic animals and especially for ICSI. 
For instance the most common reason for 
human ICSI is male factor infertility as 
standard IVF works well with normal fertile 
men. 

In horses, ICSI is used primarily to obtain 
embryos from mares that fail to provide 
them in routine reproductive procedures or 
as a research tool for embryo production. 
In the future, equine ICSI use is expected 
to parallel the developments seen in human 
field. This is likely to result in similar 
technical and even ethical issues. Human 
ART and ICSI rely on multiple oocyte 
collection and transfer as well as embryo 
culture and cryopreservation. Equine ICSI 
is just starting to address these issues 
and currently the best pregnancy rates 
are reported after in vivo matured single 
oocyte collection and ICSI coupled with 
immediate embryo transfer before knowing 
the fertilization result (Fig. 1).

Figure 1. An equine oocyte undergoing 
ICSI.

Human Studies and Issues

Collection and Preparation of Gametes

Oocytes

Human ICSI commonly involves collection of 
multiple in vivo matured oocytes after ovarian 
superovulation with pituitary gonadotropins. 
Stimulation protocols typically involve either 
GnRH agonists or antagonists to suppress 
release of LH which might cause premature 
ovulation. FSH is used to stimulate multiple 
follicles and hCG may be used for final 
maturation of oocytes. The drug, dose and 
timing of gonadotropin administration will 
vary according to individual decisions of the 
clinician and the specifics of the patient’s 
case. For instance some women are over 
suppressed by long duration administration 
of the GnRH agonists and others may 
respond rapidly to initial stimulation. Some 
women respond better to LH suppression 
with antagonists of GnRH rather than 
agonists. In addition about 0.5 to 2% of 
superovulation treatments result in ‘ovarian 
hyperstimulation syndrome’ which may be 
very painful for the patient.2

Most commonly multiple in vivo matured 
oocytes are utilized. Collection is facilitated by 
either ultrasonographic guided transvaginal 
aspiration or laparoscopic retrieval. 
‘Ultrasonically guided follicular aspiration is 
shown to be superior to laparoscopic oocyte 
recovery as far as ovarian accessibility and 
complication rate are concerned’.3

Spermatozoa

If spermatozoa can not be harvested by 
ejaculation then surgical extraction must 
be performed. Spermatozoa blocked by 
obstructive azoospermia can be removed 
by various microsurgical approaches which 
include ‘Testicular Sperm Extraction’ (TESE): 
This is the common technique to diagnose 
the cause of azoospermia and to obtain 
sufficient tissue for sperm extraction to 
be used either fresh or as a cryopreserved 
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specimen. It involves one or multiple small 
biopsies. ‘Testicular Fine Needle Aspiration’ 
(TFNA): A needle and syringe are used 
to puncture the skin to aspirate a sperm 
specimen. ‘Percutaneous Epididymal Sperm 
Aspiration’ (PESA): Is popular because it 
can be performed repeatedly at low cost. 
PESA, like TFNA, can be completed without 
a surgical incision; however, it may not yield 
a suitable sample. ‘Microsurgical Epididymal 
Sperm Aspiration’ (MESA): MESA involves 
direct retrieval of sperm from individual 
epididymal tubules and is performed under 
a microscope. 

It is completed by isolating the tubes 
and then aspirating the fluid. MESA limits 
damage to the epididymis, while avoiding 
blood contamination of its fluid and yields 
high quantities of motile sperm that can be 
readily frozen and thawed for subsequent 
IVF treatments.

“There no longer seem to be any categories of 
male factor infertility that cannot be treated 
with ICSI. Even for men with azoospermia 
caused either by obstruction or by germinal 
failure, ICSI may be performed successfully. 
The only failures will be in azoospermic 
men who have neither spermatozoa nor 
spermatids retrievable from the testis, but 
these men comprise a small percentage 
of the cases with severe male factor. The 
source of the spermatozoa and the cause of 
the sperm defect appear to have no effect 
on the success of the procedure, whether 
the spermatozoon is epididymal, fresh or 
frozen, testicular, ejaculated, or from the 
testicles of men with severe defects in 
spermatogenesis. 

Maturation arrest, Sertoli cell-only, 
cryptorchidism, chemotherapy and mumps 
do not appear to have a major impact 
on the pregnancy rate. Of all the factors 
studied in couples where the male is 
severely infertile or azoospermic, the only 
factor that seems to matter (as long as 
spermatozoa are retrieved) is the age of the 
wife and, to a considerably lesser extent, 
her ovarian reserve. Extensive genetic 
and paediatric follow- up studies of ICSI 
pregnancies have revealed no increased 
risk of congenital malformation (2.6%), 
no increased risk of de-novo autosomal 
abnormalities, and a 1.0% risk of sex 
chromosomal abnormalities”.4
Fertilization

Fertilization can be achieved through a 
number of means including ‘classical’ IVF, 
gamete intrafallopian transfer (GIFT), 
intracytoplasmic sperm injection (ICSI), 
and various other methods of micro-
manipulation.

Classical IVF relies on laboratory fertilization 
and GIFT relies on normal physiologic 
fertilization in vivo. With both techniques, 
normal spermatozoa with the ability to 
swim penetrate, decondense and fertilize 
the oocyte are needed. Zona manipulation 
(‘zona drilling’, ‘zona dissection’ and ‘sub 
zonal injection- SUZI’) all have risks of 
poorer embryonic development and/or 
potential for multiple sperm fertilization 
of the one oocyte (polyspermy) but were 
developed to address the poor results with 
IVF and GIFT in cases of severe male factor 
infertility.5

ICSI, was developed by Gianpiero Palermo 
in Belgium6 resulting the birth of the 
first child in 1992.7 Subsequently, a large 
amount of experimental and clinical data 
has been amassed.

ICSI involves injection of a single 
spermatozoan into the cytoplasm of the 
oocyte. The oocyte is held in position by 
suction through a fine, rounded glass pipette. 
A single spermatozoan is immobilized by tail 
crushing or chemical retardation prior to 
aspiration into an extremely fine, sharp glass 
pipette and then insertion though the zona 
pellucida. Concerns were expressed initially 
about the potential to produce offspring 
from ‘inferior’ sperm and the opportunity to 
transmit genetic abnormalities.

‘There is an ongoing discussion regarding 
conflicting data on malformation rate in 
children born after intracytoplasmic sperm 
injection (ICSI). A prospective, multicentric, 
control cohort study was done in Germany. 
Fifty-nine centres prospectively recruited 
pregnancies before the 16th week of 
gestation, which were included in the study if 
they were ongoing beyond this time. Children 
were examined according to a standardized 
procedure. A control cohort of children 
conceived spontaneously was taken from a 
prospective birth registry (Mainzer Modell), 
where children were examined according to 
the exact same criteria as the ICSI cohort. 
Major malformation rate was calculated, 
based on data of all liveborn and stillborn 
children, as well as on all spontaneous and 
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induced abortions, beginning with the 16th 
week of gestation. In the ICSI cohort, 8.6% 
of infants (291/3372), and in the control 
cohort 6.9% of infants (2140/30940), had a 
major malformation. This resulted in a crude 
relative risk (RR) of 1.25 (95% confidence 
interval 1.11-1.40). There was no influence 
of sperm origin on major malformation rate 
in children born after ICSI. There is an 
increased risk for a child born after ICSI 
to have a major malformation compared 
with a child that has been spontaneously 
conceived. Based on knowledge of the early 
developmental steps following ICSI, as well 
as on data of conventional IVF in general, it 
is assumed that this increased risk is due to 
parental factors causing the infertility, which 
has led to ICSI in the first place’.8

Other studies have not supported these 
findings and are discussed later in this 
chapter.

The growing popularity of this technique 
reflects an ability to increase the control 
over and success rates for fertilization. ICSI 
and unlike standard IVF, guarantees the 
entrance of a single sperm directly into a 
single egg.

After micro-manipulation (ICSI etc) the 
oocytes are cultured in vitro using defined 
medium and observed for early embryonic 
development. Developing embryos are 
graded, sorted and either transferred fresh, 
frozen or discarded.

The use of cytoplasmic transfer as an assisted 
reproductive technique has generated 
much attention and critism. This involves 
the injection of cytoplasm from a healthy 
oocyte into a recipient oocyte considered 
unviable and includes the transfer of donor 
mitochondria. The consequences are the 
possible transmission of two mitochondrial 
(mt)DNA populations to the offspring. This 
pattern of inheritance is in contrast to the 
strictly maternal manner in which mtDNA 
is transmitted following natural fertilization 
and ICSI.9

Embryo Culture

With human ART, embryo culture and 
cryopreservation have resulted in an 
increased efficiency and flexibility. 
Commonly early cleavage stage embryos 
are transferred into the uterus despite the 
recognition that the embryo would not be 

expected in the uterine environment for at 
least two or three more days. This may result 
in a uterine environment that is not ideal for 
the embryo, perhaps associated with poor 
uterine clearance or an abnormal hormonal 
milieux. In addition there is poor synchrony 
between the embryo and the uterus. Oocytes 
fertilized and then cultured in vitro may be 
subjected to culture conditions that have 
affected the ability of the embryo to grow 
and the technique also assumes that all 
oocytes, fertilized and in vitro matured have 
a similar ability to develop. 

Pregnancy rates are three times higher 
when in vivo derived blastocysts (uterine 
flushes of fertile women) are transferred 
compared to in vitro derived early cleavage 
stages (IVF with infertile women)10 (Jones 
2001). Culturing embryos to the blastocyst 
stage in vitro has recently been associated 
with significant advantages. Firstly, embryo 
morphology at the blastocyst stage is a 
predictor of pregnancy rates.10 Secondly, 
the most viable embryo within the group 
of cultured embryos may be selected.10 
Thirdly the problems of multiple pregnancies 
may be addressed by examination of the 
probabilities of a single embryo being 
transferred successfully before the transfer 
is performed. It has also been hypothesised 
that the uterine environment may not be as 
hostile to a blastocyst compared to an earlier 
cleavage stage embryo.10 ‘Furthermore, 
as the score of the blastocysts obtained 
using sequential media is directly related 
to implantation and pregnancy rates, it is 
possible to determine which patients should 
be offered a single blastocyst transfer, 
thereby addressing the issue of twins 
conceived through ART’.11

Transfer

Commonly embryos are transferred at the 
4-8 cell stage (day 2-3 after fertilization), 
although there is a trend for embryo culture 
and transfer at the blastocyst stage.11 as it 
could be expected to improve implantation 
rates. In addition embryo grade is correlated 
with pregnancy rates.12

Embryos are mostly transferred through 
the vagina in a non-embryo toxic catheter, 
through the cervix and into the uterus. The 
number of embryos transferred depends on 
embryo quality and age of the women. More 
embryos are transferred into older women 
with less success.13-15
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Pre-implantation genetic diagnosis (PGD) 
to identify chromosomally normal embryos 
has recently become a development applied 
to embryos prior to transfer. This is involves 
the biopsy of a blastomere from an 8-16 
cell embryo. Sex, genetic disorders and 
chromosomal number and structure are 
commonly evaluated. ‘Despite its novelty, 
preimplantation genetic diagnosis has 
become an alternative to traditional prenatal 
diagnosis, allowing the establishment of only 
unaffected pregnancies and avoiding the 
risk of pregnancy termination. In addition, 
preimplantation genetic diagnosis is 
presently applied for much wider indications 
than prenatal diagnosis, including common 
diseases with genetic predisposition and 
preimplantation human leukocyte antigen 
typing, with the purpose of establishing 
potential donor progeny for stem cell 
treatment of siblings. Many hundreds of 
apparently healthy, unaffected children 
have been born after preimplantation 
genetic diagnosis, presenting evidence 
of its accuracy, reliability and safety. 
Preimplantation genetic diagnosis appears 
to be of special value for avoiding age-
related aneuploidies in patients of advanced 
reproductive age, improving reproductive 
outcome, particularly obvious from their 
reproductive history, and is presently an 
extremely attractive option for carriers of 
balanced translocations to have unaffected 
children of their own’.16

On occasion, zona assisted hatching may 
be employed to help the embryo break out 
of the zona pellucida. Previous implantation 
failure in otherwise normal patients may 
suggest this problem. Chemicals, lasers and 
mechanical manipulation have all been used 
to create a breech in the zona.17 ‘Assisted 
hatching entails the opening or thinning of 
the zona pellucida before embryo transfer 
in order to improve the results of in vitro 
fertilization (IVF) and intracytoplasmic 
sperm injection (ICSI). The technique can 
be performed mechanically, chemically or 
with a laser beam. A piezoelectric method 
has also been described. Meta-analyses of 
randomised trials have shown that assisted 
hatching increases the clinical pregnancy, 
implantation and son-going pregnancy rates 
in patients with poor prognosis for IVF 
and ICSI, particularly those with repeated 
implantation failure. The technique is not 
without risks, and has been associated 
with an increased incidence of monozygotic 

twinning. Nevertheless, it remains an 
invaluable tool in assisted reproductive 
technology’.18 This may be even more 
relevant in cases of in vitro maturation of 
oocytes. ‘Immature oocyte recovery followed 
by in-vitro oocyte maturation and in-vitro 
fertilization is a promising new technology 
for the treatment of human infertility. The 
technology is attractive to potential oocyte 
donors and infertile couples because of its 
reduced treatment intervention. Immature 
oocytes were recovered by ultrasound-guided 
transvaginal follicular aspiration. Oocytes 
were matured in vitro for 36-48 h followed 
by intracytoplasmic sperm injection (ICSI). 
Embryos were cultured in vitro for 3 or 5 
days before replacement. Assisted hatching 
was performed on a day 5 blastocyst stage 
embryo. Embryo and uterine synchrony were 
potentially enhanced by luteinization of the 
dominant follicle at the time of immature 
oocyte recovery. Mature oocyte and embryo 
production from immature oocyte recovery 
were similar to the previous IVF results of 
the patients. A blastocyst stage embryo, 
produced as a result of in-vitro maturation, 
ICSI, in-vitro culture and assisted hatching, 
resulted in the birth of a healthy baby girl at 
39 weeks of gestation’.19

Pregnancy

Approximately 30% of IVF pregnancies 
produce twins, 5% triplets and < 1% more 
than three children. Multiple pregnancies 
are high-risk for the mother and fetuses.

“Multiple gestation pregnancy rates are 
high in assisted reproductive treatment 
cycles because of the perceived need to 
stimulate excess follicles and transfer excess 
embryos in order to achieve reasonable 
pregnancy rates. Perinatal mortality rates 
are, however, 4-fold higher for twins and 
6-fold higher for triplets than for singletons. 
Since the goal of infertility therapy is a 
healthy child, and multiple gestation puts 
that goal at risk, multiple pregnancy must 
be regarded as a serious complication of 
assisted reproductive treatment cycles. The 
1999 ESHRE Capri Workshop20 addressed 
the psychological, medical, social and 
financial implications of multiple pregnancy 
and discussed how it might be prevented. 
Multiple gestations are high risk pregnancies 
which may be complicated by prematurity, 
low birthweight, pre-eclampsia, anaemia, 
postpartum haemorrhage, intrauterine 
growth restriction, neonatal morbidity and 
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high neonatal and infant mortality. Multiple 
gestation children may suffer long-term 
consequences of perinatal complications, 
including cerebral palsy and learning 
disabilities. Even when the babies are healthy 
they must share their parents’ attention and 
may experience slow language development 
and behavioural problems. Current data 
indicate that the average hospital cost per 
multiple gestation delivery is greater than 
the average cost of in-vitro fertilization 
(IVF) and intracytoplasmic sperm injection 
(ICSI) cycles. Prevention is the most 
important means of decreasing multiple 
gestation rates. Multiple gestation rates 
in ovulation induction and superovulation 
cycles can be reduced by using lower 
dosage gonadotrophin regimens. 

If there are more than three mature 
follicles, the cycle should be converted 
to an IVF cycle, or it should be cancelled 
and intercourse should be avoided. In IVF 
cycles two embryos can be transferred 
without reducing birth rates in most 
circumstances. Embryo reduction involves 
extremely difficult decisions for infertile 
couples and should be used only as a 
last resort. Assisted reproductive treatment 
centres and registries should express cycle 
results as the proportion of singleton live 
births; twin and triplet rates should be 
reported separately as complications of 
the procedures. Reducing the multiple 
gestation pregnancy rate should be a high 
priority for assisted reproductive treatment 
programmes, despite the pressure from 
some patients to transfer more embryos 
in order to improve success. If nothing is 
done, public concern may lead to legislation 
in many countries, a step that would 
be unnecessary if assisted reproductive 
treatment programmes and registries took 
suitable steps to reduce multiple pregnancy 
rates (2000)”

“There are data regarding the possible 
influences of extended embryo culture 
to the blastocyst stage as well as zona 
pellucida manipulation on the incidence of 
monozygotic multiples. This is interesting, 
as one aim of extended culture with embryo 
selection is to minimize the multiple 
pregnancy rate. We report, to our knowledge, 
on the first case of monozygotic twins and 
monozygotic triplets after ICSI and the 
transfer of two blastocysts. Monozygotic 
multiples after ICSI and blastocyst transfer 
and the resulting problems are another 

reason to encourage the transfer of only one 
blastocyst. In our opinion, the incidence of 
5.9-8.9% monozygotic multiple occurrence 
after ICSI and blastocyst transfer reported 
in the literature requires that patients are 
informed of the uncertainties until this 
phenomenon and its risk factors are better 
understood’.21

Current Status of Human ICSI

Since the publication of the first papers on 
the use of intracytoplasmic sperm injection 
for oligozoospermia in 1992 and 1993, 
much scientific work has been applied to 
extending its application to virtually every 
type of male infertility.4,7,22,23 In 1995 
Nagy24 confirmed that the most severe 
cases of oligoasthenoteratozoospermia 
produced the same pregnancy rates as mild 
cases of male factor infertility, which were 
no different from those of men with normal 
spermatozoa undergoing conventional IVF. 
Then it was demonstrated that the way 
in which the spermatozoa are pre-treated 
prior to ICSI is immaterial, and that any 
method for aspirating the spermatozoa into 
an injection pipette and transferring them 
into the oocytes is adequate.25 It was 
also reported that fertilization failure was 
always related either to poor egg quality 
or to sperm non-viability.26 It appeared 
that no matter how severe morphological 
defect, or the most severe motility defect, 
or the smallest number of spermatozoa in 
the ejaculate (‘pseudoazoospermia’), there 
was no negative effect on the pregnancy 
rate with ICSI. Only absolute immotility 
of ejaculated or epididymal spermatozoa 
lowered the fertilization rate, and this was 
found to be not due to the immotility of 
the spermatozoon, but rather to its non-
viability. Completely nonmotile spermatozoa 
which were viable were still capable of 
normal fertilization and pregnancy rates.27

ICSI then took another leap forward with 
the development of sperm aspiration 
and extraction techniques which allowed 
couples in whom the male was absolutely 
azoospermic to have pregnancy rates no 
different from those in whom the male had a 
normal sperm count.28 The first successful 
attempts at sperm aspiration combined with 
ICSI were reported in 1994.29 Conventional 
IVF with aspirated epididymal spermatozoa 
yielded a pregnancy rate of only 9% and 
a delivery rate of only 4.5%, whereas 
ICSI with aspirated epididymal spermatozoa 
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in men with congenital absence of the 
vas deferens (CAVD) yielded a pregnancy 
rate of 47% and a delivery rate of 33%. 
Furthermore, there was no difference in 
pregnancy rate with epididymal spermatozoa 
retrieved for any cause of obstruction, 
whether it was failed vasoepididymostomy, 
CAVD, or simply irreparable obstruction.30 
‘However, this breakthrough for men with 
CAVD brought with it a serious problem. 
It was soon discovered that CAVD is 
caused by mutations on the cystic fibrosis 
transmembrane conductance regular gene 
(CFTR) located on chromosome 7. Although 
now this is taken for granted, in 1992 it 
was a startling discovery’.27 ‘This discovery 
meant that all patients and their wives 
undergoing sperm aspiration with ICSI for 
CAVD required careful genetic screening for 
cystic fibrosis, and if the wife was a carrier 
(4% risk of carrier status in the general 
population), then the embryos should 
undergo preimplantation genetic diagnosis 
using polymerase chain reaction, so that 
only healthy embryos would be replaced’.27 
The first case of successful preimplantation 
embryo biopsy for cystic fibrosis, on the 
embryo of a man who had undergone 
microsurgical epididymal sperm aspiration 
(MESA) and ICSI for CAVD, was reported 
in 1994.31 ‘The use of MESA and ICSI for 
CAVD led to intense molecular study of the 
genetic mystery of how the condition of 
CAVD is transmitted via defects in the cystic 
fibrosis gene’.27

Soon after the MESA-ICSI procedure was 
developed in 1994, it was discovered that 
testicular spermatozoa could fertilize as 
efficiently as ejaculated spermatozoa and 
also result in normal pregnancies. ‘In this 
study (May 1 until August 31, 1994) a 
total of 15 azoospermic patients suffering 
from testicular failure were treated with a 
combination of testicular sperm extraction 
(TESE) and intracytoplasmic sperm injection 
(ICSI). Spermatozoa were available for ICSI 
in 13 of the patients. Out of 182 metaphase 
II injected oocytes, two-pronuclear 
fertilization was observed in 87 (47.80%); 
57 embryos (65.51%) were obtained for 
either transfer or cryopreservation. Three 
ongoing pregnancies out of 12 replacements 
(25%) were established, including one 
singleton, one twin and one triplet gestation. 
The ongoing implantation rate was 18% (six 
fetal hearts out of 32 embryos replaced)’32 
TESE (testicular sperm extraction) truly 
revolutionized the treatment of infertile 

couples with azoospermia. The development 
of TESE meant that even patients with zero 
motility of the epididymal spermatozoa or 
of ejaculated spermatozoa, or even men 
with no epididymis could still have their 
own genetic child, so long as there was 
normal spermatogenesis. It also meant that 
surgeons could easily perform a testicle 
biopsy, enabling the retrieved spermatozoa 
to be used for ICSI without the need for the 
microsurgical expertise required to perform 
a conventional MESA procedure.27

It was also demonstrated that epididymal 
spermatozoa, despite fairly weak motility, 
could be frozen and, after thawing, yield 
pregnancy rates no different from those 
obtained with freshly retrieved epididymal 
spermatozoa ‘In seven patients who did not 
become pregnant following microsurgical 
epididymal sperm aspiration (MESA) and 
intracytoplasmic sperm injection (ICSI), 
a subsequent ICSI was performed using 
previously cryopreserved super-numerary 
epididymal spermatozoa without re-operating 
on the husband. During the original MESA 
procedure a mean sperm concentration 
of 12.3 x 10(6)/ml was achieved. The 
supernumerary spermatozoa were 
cryopreserved for later use. After thawing 
frozen epididymal spermatozoa a mean 
concentration of 1.9 x 10(6) spermatozoa/
ml was obtained in straws containing a 
total volume of sperm suspension of 250 
microliters. From 68 intact oocytes injected 
with frozen-thawed epididymal spermatozoa, 
a two pronuclear fertilization rate of 45% 
and a cleavage rate of 82% were obtained. 

A total of 17 embryos were replaced 
in the seven patients, resulting in two 
ongoing singleton pregnancies and one twin 
delivery. Six embryos were cryopreserved. 
In conclusion, it would appear mandatory to 
cryopreserve supernumerary spermatozoa 
during a MESA in order to avoid subsequent 
further scrotal surgery’.33 Because of the 
remarkable success with the freezing of 
very poor quality epididymal spermatozoa 
for subsequent ICSI, couples did not have to 
time the MESA exactly with the partner’s egg 
retrieval. This also meant that men about to 
undergo chemotherapy and/or radiotherapy 
for cancer could have a single ejaculate 
frozen, causing no delay in treatment of 
the cancer, and this one ejaculate would be 
sufficient for almost an infinite number of 
IVF-ICSI cycles.27
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Finally, in the majority of cases of patients 
with testicular failure (caused either by 
maturation arrest, Sertoli cell-only 
syndrome, cryptorchid testicular atrophy, 
post-chemotherapy azoospermia, or even 
Klinefelter’s syndrome), a very tiny number 
of spermatozoa or spermatids can usually 
be extracted from extensive biopsies of the 
testicle and utilized for ICSI.32,34 ‘Early 
studies of the kinetics of spermatogenesis 
in the testicle demonstrated that often 
a tiny amount of spermatogenesis was 
present if one examined quantitatively and 
carefully the testicle biopsy of men who 
were azoospermic from non-obstructive 
testicular failure. However, the significance 
of this ‘threshold’ phenomenon was not 
appreciated until the era of ICSI, when it 
was realized that these spermatids could 
be harvested, and normal pregnancy rates 
achieved, in the ~60% of such patients 
who possessed this minuscule degree of 
spermatogenesis in otherwise completely 
deficient testicles’.27

‘There has been some excitement generated 
over the possibility of using ‘round cells’ 
derived from testicular tissue (or even 
from the ejaculate), which are presumably 
early spermatids, for ICSI in the absence 
of elongated spermatozoa. Infertility clinics 
around the world are now endeavoring to use 
this technique, which may have unfortunate 
implications’.27 ‘The problems with this 
approach are: (i) in human spermatogenesis, 
it is widely known that maturation arrest is 
a problem associated with meiosis, and not 
with sperm maturation. Wherever there are 
early round spermatids, there will also be 
elongated mature spermatids with a tail; 
and (ii) clinics not aware of this reality are 
tempted to inject ‘round cells’ when they 
cannot retrieve spermatozoa. The truth is 
that if those round cells were genuinely 
spermatids, then a better search would 
have revealed the presence of mature 
spermatozoa. On the other hand, it is 
extremely difficult, using Hoffman optics, to 
distinguish with certainty a round spermatid 
from a Sertoli cell nucleus with its prominent 
nucleolus, or even from some spermatocytes. 
Where there are truly no spermatozoa, 
there may be many ‘round cells’ either with 
Sertoli cell only, or with maturation arrest, 
that are not round spermatids’.27

The current ability of most men to father a 
child, regardless of the quality of the sperm 
count, even if there are apparently no mature 

spermatozoa at all, is dramatic. It appears 
that the results of ICSI are not related to 
the source of the spermatozoa (whether 
ejaculated, testicular or epididymal), or to 
the quality of the spermatozoa (morphology 
or motility). ICSI results are not influenced by 
whether the spermatozoon has been frozen 
or is fresh, whether it is retrieved with ease 
(as in the cases of normal spermatogenesis 
or with ejaculated spermatozoa), or 
whether the spermatozoon was extracted 
directly from the Sertoli cell after hours of 
painstaking searching of a testis sample.27 
With regard to the infertile or azoospermic 
male and ICSI, none of these factors has 
had any significant influence on fertilization, 
cleavage or pregnancy rate. In fact, the 
only significant factor in the success of 
ICSI appears to be the age of the female 
partner.27,30

Are the Offspring Normal?: The Genetics 
of ICSI

A major development in 1996 was the 
detailed follow-up study of ICSI children 
and the information it provided about the 
genetics of infertility.

‘A prospective follow-up study of 877 
children born after ICSI was carried out. 
The aim of this study was to compile data 
on karyotypes, congenital malformations, 
growth parameters and developmental 
milestones so as to evaluate the safety of 
this new technique. The follow-up study 
included agreement to genetic counselling 
and prenatal diagnosis and was based on 
a physical examination at the Centre for 
Medical Genetics (Dutch-speaking Brussels 
Free University, Brussels, Belgium) at 
2 months, 1 year and 2 years, when 
major and minor malformations and a 
psychomotor evolution were recorded. 
Between April 1991 and July 1995, 904 
pregnancies obtained after intracytoplasmic 
sperm injection (ICSI) led to the birth of 
877 children (465 singletons, 379 twins and 
33 triplets). Prenatal diagnosis determined 
a total of 486 karyotypes, of which six 
were abnormal (1.2%) and six (1.2%) 
were familial structural aberrations, all 
transmitted from the father. 

This slight increase in de-novo chromosomal 
aberrations and the higher frequency of 
transmitted chromosomal aberrations are 
probably linked directly to the characteristics 
of the infertile men treated rather than to 
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the ICSI procedure itself. In all, 23 (2.6%) 
major malformations were observed in the 
children born, defined as those causing 
functional impairment or requiring surgical 
correction. No particular malformation was 
disproportionately frequent. Compared 
with most registers of children born after 
assisted reproduction and with registers 
of malformation in the general population, 
the figure of 2.6% was within the expected 
range. These observations should be further 
completed by others and by collaborative 
efforts. In the meantime, patients should be 
counselled about the available data before 
any treatment: the risk of transmitted 
chromosomal aberrations, the risk of de-novo, 
mainly sex chromosomal, aberrations and 
the risk of transmitting fertility problems 
to the offspring. Patients should also be 
reassured that there seems to be no higher 
incidence of congenital malformations in 
children born after ICSI’.35

‘Since the introduction of ICSI in 1991, 
medical outcome studies on ICSI children 
have been performed, but few have 
addressed developmental outcome. Hence, 
this outcome was assessed by performing 
a standard developmental test on children 
born after ICSI as compared with children 
born after IVF, at the age of 2 years. 
METHODS: In a prospective study, the 
medical and developmental outcome of 439 
children born after ICSI (378 singletons, 61 
twins) were compared with those of 207 
children born after IVF (138 singletons, 69 
twins), at the age of 24-28 months. These 
children were part of a cohort of children 
followed since birth. Of children reaching 
the age of 24-28 months between May 
1995 and March 2002, 44.3% (2375/5356) 
were examined by a paediatrician who was 
unaware of the type of treatment used for 
each couple. Of all the children born, 12.2% 
(439/3618) in the ICSI group and 11.9% 
(207/1738) in the IVF group underwent a 
formal developmental assessment using the 
Bayley Scale of Infant Development (mental 
scale) by a paediatrician blinded to the 
type of treatment. RESULTS: There was no 
significant difference in maternal educational 
level, maternal age, gestational age, parity, 
birthweight, neonatal complication rate or 
malformation rate at 2 years between ICSI 
and IVF singletons, or between ICSI and 
IVF twins. No significant difference was 
observed in the developmental outcome 
using the Bayley scale at the age of 24-28 
months (raw scores or test age) between 

ICSI children or IVF children. A multivariate 
regression analysis for the singleton children 
indicated that parity, sex (boys had lower 
scores than girls) and age had a significant 
influence on the test result, but that the 
fertility procedure (ICSI versus IVF) did not 
influence the test result. ICSI children from 
fathers with low sperm concentration, low 
sperm motility or poor morphology had a 
similar developmental outcome to that of 
children from fathers with normal sperm 
parameters. 

There were no significant differences between 
the initial cohort and the group lost to follow-
up, nor between the psychologically tested 
and the non-tested group for a number 
of variables such as maternal educational 
level, birthweight in singletons and neonatal 
malformation rate. Although only some of 
the cohort of ICSI children were evaluated, 
a representative sample of both ICSI and 
IVF children was compared. CONCLUSIONS: 
There is no indication that ICSI children 
have a lower psychomotor development 
than IVF children. Paternal risk factors 
associated with male-factor infertility were 
found not to play a role in developmental 
outcome’.36

Genetic Basis for Infertility

‘There is now abundant evidence in a wide 
range of mammalian and non-mammalian 
species to show that the relative size 
of the testis and the morphology of the 
spermatozoa are infallible predictors of 
the mating system. Species with the 
largest testis/body weight ratios and the 
best spermatozoa have a multi-male or 
promiscuous mating system in which sperm 
competition operates. Judged by these 
criteria, men were not designed to be 
promiscuous. There is increasing evidence 
in humans to show that most spontaneous 
mutations of the germ line occur in the 
testis. Because these provide the variability 
on which natural selection can operate, the 
testis holds the key to evolution. 

Genes on the Y chromosome that control 
male fertility are particularly prone to 
mutations, perhaps because of the mutagenic 
metabolites produced by the metabolically 
active testis. Testicular descent into a 
scrotum and cooling by countercurrent heat 
exchange between the spermatic artery and 
vein may have evolved as a way of holding 
the mutation rate in check. The hormones 
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secreted by the testis, which control libido 
and aggression, ensure that these male 
mutations are disseminated as widely as 
possible throughout the population’.37,38

‘This led us to speculate that perhaps 
deficient spermatogenesis, despite a variety 
of so-called causes is in most cases genetically 
determined (excluding, of course, mumps, 
orchitis, post-cryptorchidism testicular 
atrophy, postchemotherapy azoospermia, 
etc.)’.39

‘The first phase of this genetic control of male 
fertility came from Professor Roger Short’s 
analysis of infertility in the three types 
of great apes, i.e., gorilla, orangutan and 
chimpanzee. Chimpanzees travel together 
in troops of about 40 males and females, 
and whenever anyone of the females in 
the troop goes into heat, every single 
male in the troop has intercourse with her. 
Consequently, one would expect that the 
male with the highest sperm count and the 
best quality sperm is most likely to be the 
father of any child born to any female who 
has had sex with multiple partners. 

The extensive sperm competition among 
the sperm of all the chimpanzees who 
have mounted her results in male offspring 
that have inherited the best sperm count. 
Therefore, chimpanzees would be expected 
to have high sperm counts because of their 
promiscuous mating behavior if we assume 
that sperm production, both quantitative 
and qualitative, is genetically transmitted. 
In fact, this is the case. Chimpanzees, who 
are extremely promiscuous, have gigantic 
testicles and huge sperm counts, and gorillas 
who are faithful to their mates, and in whom 
there is no sperm competition because the 
female is only having sex with one given 
mate for her entire lifetime, have very small 
testicles and extremely low sperm counts. 
Professor Short concluded from this that 
male fertility was a genetically transmitted 
trait’.39

‘The next suggestion from studies of exotic 
species came with the cheetah. All cheetahs 
in the world are so genetically inbred 
and identical that even skin grafts from 
one cheetah to another never reject. This 
inbreeding has resulted in all male cheetahs 
having an extremely poor sperm count with 
90% abnormal forms and very low numbers. 
The infertility of the inbred male cheetah 
clearly demonstrates a genetic cause of the 

very same types of semen abnormalities that 
we see in the infertile human. Therefore, we 
had speculated for the last eleven years 
that there may be a genetic cause for 
the majority of cases of oligospermia and 
azoospermia”.38 “The common domestic 
cat is an important research model for 
endangered felids, as well as for studying 
genetic dysfunctions, infectious diseases 
and infertility in humans. 

Especially significant is the trait of 
teratospermia (ejaculation of < 40% 
morphologically normal spermatozoa) that 
commonly occurs in about 70% of the 
felid species or subspecies studied to date. 
Teratospermia, discovered more than two 
decades ago in the cheetah, is important: 
(i) for understanding the significance of 
sperm form and function; and (ii) because 
this condition is common in human males. 
It is apparent from IVF that deformed 
spermatozoa from teratospermic felids do 
not fertilize oocytes. However, the inability 
of spermatozoa from teratospermic males 
to bind, penetrate and decondense in the 
cytoplasm of the oocyte is not limited 
to malformed cells alone. Normal shaped 
spermatozoa from teratospermic males have 
reduced functional capacity. IVF results have 
consistently revealed a direct correlation 
between teratospermia and compromised 
sperm function across felid species and 
populations. 

The most significant differences between 
normospermic (> 60% normal spermatozoa 
per ejaculate) and teratospermic felids 
include: (i) the time required for sperm 
capacitation and the acrosome reaction to 
occur in vitro; (ii) culture media requirements 
for capacitation in vitro; (iii) phosphorylation 
patterns of tyrosine residues on sperm 
membrane proteins during capacitation; 
(iv) susceptibility to chilling-induced sperm 
membrane damage; (v) sensitivity to 
osmotic stress; (vi) stability of sperm DNA; 
(vii) sperm protamine composition; and 
(viii) fertilizing ability after intracytoplasmic 
sperm injection. In conclusion, (i) the 
felids (including wild species) are valuable 
for studying the functional significance of 
both pleiomorphic and normally formed 
spermatozoa from teratospermic donors, 
and (ii) the impact of teratospermia is 
expressed at both macrocellular and 
subcellular levels.39,40
“Now, in a collaborative study with the human 
genome project and the Massachusetts 
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Institute of technology, we have indeed 
found that about 11% of men with either 
azoospermia or severe oligospermia 
consistently are found to have deletions in the 
Y chromosome in a specific region we have 
called the AZF loci (short for “azoospermia 
factor”), and the first specific gene candidate 
localized to this area has been called DAZ 
(deleted in azoospermia). Deletion I of 
this DAZ gene is always associated with 
azoospermia or severe oligospermia, and 
thus far no normal fertile men have been 
found to have a deletion of this gene 
candidate. Furthermore, there is a homolog 
copy of this DAZ gene not only on the Y 
chromosome in men, but on chromosome 
3 in both men and women, indicating it 
may even tell us something about female 
infertility. There are undoubtedly many other 
genes and loci that affect sperm production, 
and we have only just begun the search. 
Furthermore, we know that about 1.3% of 
azoospermic or severely oligospermic men 
have chromosomal abnormalities, usually  
balanced translocation, that can give us 
other clues and doorways to explore with 
our molecular tools many other possibilities 
for genetic causes of male infertility”.39

Horse Studies

Live Foals from Horse ART

Only two foals have been reported from 
conventional IVF in the horse.41 ‘The results 
of in vitro fertilization (IVF) in the mare are 
less advanced than in most of the other 
domestic mammals. The different steps 
which have contributed to the success of 
IVF with the birth of two foals are shown: 
the preparation of oocytes and capacitated 
spermatozoa, the fertilization technique, 
the embryo culture and transfer. After 
induction of ovulation in the mare with 
equine pituitary extract, the preovulatory 
follicles are punctured just before ovulation. 
The oocytes matured in vivo are in vitro 
inseminated with fresh semen treated 
by Ionophore A23187. The embryos are 
cultured until their transfer to the oviduct 
of a recipient mare by a surgical technique. 
The development of in vitro maturation of 
immature oocytes from slaughtered ovaries 
will give a larger number of oocytes for 
IVF attempts. The development of the 
embryo culture to obtain the blastocyst 
stage will allow a non surgical transfer in 
the uterus of a mare.41 Both foals were 
born from fertilization of in vivo matured 

oocytes. Despite much interest and some 
promising results42 further success has 
not been forthcoming, casting doubt on the 
usefulness of the technique as an infertility 
treatment.

The reason for such poor results of IVF in the 
horse is unknown but has been suggested 
to be inability of the horse oocyte to allow 
penetration of spermatozoa. This was not 
associated with zona pellucida hardening 
(ZPH). ‘In vitro fertilization (IVF) has had 
poor success in the horse, a situation related 
to low rates of sperm penetration through 
the zona pellucida (ZP). Zona pellucida 
hardening (ZPH) is seen in mouse and rat 
oocytes cultured in serum-free medium. 
The hardened ZP is refractory to sperm 
penetration. Fetuin, a component of fetal 
calf serum, inhibits ZPH and allows normal 
fertilization rates in oocytes cultured in the 
absence of serum. We evaluated whether 
fetuin is present in horse serum and follicular 
fluid (FF) and whether fetuin could inhibit 
ZPH in equine oocytes matured in vitro, 
thus increasing sperm penetration during 
IVF. The presence of fetuin in equine serum 
and FF was confirmed by immunoblotting. 

Oocytes submitted to in vitro maturation 
(IVM) in medium containing fetuin were used 
for ZPH assay or IVF. Intracytoplasmic sperm 
injection (ICSI) was carried out as a control 
procedure. The presence of fetuin during 
IVM did not affect the rate of maturation 
to metaphase II. Maturation of oocytes in 
the presence of fetuin reduced ZPH in a 
dose-dependent manner. After both IVF and 
ICSI, there was no significant difference in 
oocyte fertilization between fetuin-treated 
and untreated oocytes. The fertilization rate 
was significantly higher after ICSI than after 
IVF, both in fetuin-treated and in untreated 
oocytes. In conclusion, fetuin reduced ZPH 
in equine oocytes but did not improve 
sperm penetration during IVF. This implies 
that, in the horse, ‘’spontaneous’’ ZPH is 
unlikely to be the major factor responsible 
for inhibiting sperm penetration in vitro’.43
The birth of the first ICSI foal was reported in 
1996.44 A technique relevant to a commercial 
application was reported with birth of live 
foals from in vivo matured oocytes utilizing 
ICSI with frozen spermatozoa from fertile 
and infertile stallions.1 The study examined 
the use of intracytoplasmic sperm injection 
(ICSI) for in vitro fertilisation of equine 
oocytes and their developmental potential 
when transferred to the fallopian tubes of 
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synchronised mares. Oocytes were aspirated 
from mature follicles 39 hours after a GnRH 
analogue injection and transported 190 
km at 39oC. Semen from both a fertile 
and infertile stallion was frozen and later 
prepared for injection. Successfully injected 
oocytes were surgically transferred into the 
ampulla of the fallopian tube either 1) 4-8 
hours after injection or, 2) were cultured 
for 24-48 hours prior to transfer. Twenty six 
oocytes were treated by ICSI. 

Three oocytes fragmented after injection 
(12%). Eight oocytes were returned for 
immediate transfer to recipient mares. Of 
the 15 cultured oocytes, 8 (53%) had two 
polar bodies and cleaved to 2-cells at 24 
hours after injection. Pregnancies were 
identified on day 12-14 after transfer in 
4 of the 16 (25%) recipients that had 
either transferred embryos (1/8) or freshly 
injected oocytes (3/8). Two of the four 
pregnancies did not progress beyond 30 
days and two mares had foals. There was 
no apparent difference in the establishment 
of pregnancies from oocytes injected with 
frozen/thawed sperm of the fertile (3/14) 
and the infertile stallion (1/2).1

Subsequently, foals were born from 
aspiration of follicles from pregnant 
mares.45 These oocytes, as in the work 
of Squires43 were matured in vitro. A 
total of 263 follicles were punctured in 20 
aspiration procedures and 174 oocytes were 
retrieved in one of two experiments. Eighty 
six (49%) were classified as mature after 
culture in TCM-199. A cleavage rate of 55% 
(47/86) occurred after ICSI. A total of 31 
embryos were transferred into the oviducts 
of recipient mares resulting in the birth of 
two foals. Four pregnancies in total were 
established (one pregnancy per 8 oocytes 
transferred), however two underwent early 
embryonic death and two subsequently 
foaled.45

An important development that increased 
the applicability of equine ICSI to clinical 
situations was the report of live foals 
from embryos cultured to the blastocyst 
stage.46 This technique means that 
oocytes and semen can be shipped to 
remote locations that are skilled in ICSI 
techniques and then transferred non-
surgically after demonstration of normal 
blastocyst development. ‘The influence 
of coculture with either oviduct epithelial 
cells or fetal fibroblast cells on in vitro 

maturation of equine oocytes and their 
potential for development to blastocysts 
and fetuses after intracytoplasmic sperm 
injection (ICSI) was investigated. The 
oocytes were obtained from ovaries from 
abattoirs and were matured in vitro for 
2~30 h in TCM199 only, or in TCM199 
coculture with oviduct epithelial cells or fetal 
fibroblast cells. Metaphase II oocytes were 
subjected to ICSI with an ionomycintreated 
spermatozoon. The injected oocytes were 
cultured for 79 days in Dulbecco’s modified 
Eagle’s medium. Morphologically normal 
early blastocysts were transferred to the 
uteri of recipient mares. 

Nuclear maturation rates and the rates of 
cleavage to the two cell stage for injected 
oocytes were similar in the groups of oocytes 
that were matured in TCM 199 (49 and 63 
%), in coculture with oviduct epithelial cells 
(53 and 65%) or in coculture with fetal 
fibroblasts (51 and 57%). There were no 
significant differences in the proportions 
of blastocysts that developed from the two 
cell embryos derived from oocytes matured 
by coculture with either oviduct epithelial 
cells (30%) or fetal fibroblasts (17%). 
However, significantly higher proportions of 
blastocysts were produced from both these 
coculture groups than from the groups 
of oocytes matured in TCM199 only (P< 
0.05). Six of the blastocysts that had 
developed from oocytes cocultured with 
oviduct epithelial cells were transferred 
into recipient mares and four pregnancies 
resulted. These results demonstrate a 
beneficial influence of coculture with either 
oviduct epithelial cells or fetal fibroblasts for 
maturation of oocytes in vitro’.46 A report 
from Italy highlighted the production of 
pregnancies from embryos that were frozen 
and thawed and successfully transferred 
into recipients. The technique combined 
transvaginal collection of immature oocytes, 
in vitro maturation, ICSI and culture of the 
early embryos in vitro or in vivo (sheep 
oviduct). The efficiency of the procedure was 
higher when in vivo culture was used.47

Sperm/Oocyte Interactions

Classically it has been suggested that sperm 
need to activate the oocyte after ICSI.

This would appear to less important for human 
ICSI than bovine ICSI.48 ‘In the human 
and the mouse, intracytoplasmic sperm 
injection (ICSI) apparently triggers normal 
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fertilization and may result in offspring. 
In the bovine, injection of spermatozoa 
must be accompanied by artificial methods 
of oocyte activation in order to achieve 
normal fertilization events (e.g., pronuclear 
formation). In this study, different methods 
of oocyte activation were tested following 
ICSI of in vitro-matured bovine oocytes. 
Bovine oocytes were centrifuged to facilitate 
sperm injection, and spermatozoa were 
pretreated with 5 mM dithiothreitol (DTT) to 
promote decondensation. Sperm-injected or 
sham-injected oocytes were activated with 
5 mu M ionomycin (A23187). Three hours 
after activation, oocytes with second polar 
bodies were selected and treated with 1.9 
mM 6-dimethylaminopurine (DMAP). 

The cleavage rate of sperm-injected oocytes 
treated with ionomycin and DMAP was 
higher than with ionomycin alone (62 
vs 27%, P less than or equal to 0.05). 
Blastocysts (2 of 41 cleaved) were obtained 
only from the sperm-injected, ionomycin + 
DMAP-treated oocytes. Upon examination 
16 h after ICSI, pronuclear formation was 
observed in 33 of 47 (70%) DMAP-treated 
oocytes. Two pronuclei were present in 18 
of 33 (55%), while 1 and 3 pronuclei were 
seen in 8 of 33 (24%) and 7 of 33 (21%) 
oocytes, respectively. In sham-injected 
oocytes, pronuclear formation was observed 
in 15 of 38 (39%) with 9 (60%) having 2 
pronuclei. As a single calcium stimulation 
was insufficient and DMAP treatment could 
result in triploidy, activation by multiple 
calcium stimulations was tested. Three 
calcium stimulations (5 mu M ionomycin) 
were given at 30-min intervals following 
ICSI. Two pronuclei were found in 12 of 
41 (29%) injected oocytes. Increasing the 
concentration of ionomycin from 5 to 50 mu 
M resulted in a higher rate of activation (41 
vs 26%). The rate of metaphase III arrest 
was lower while the rate of pronuclear 
formation and cleavage development was 
higher in sperm-injected than sham-injected 
oocytes, suggesting that spermatozoa 
contribute to the activation process. Further 
improvements in oocyte activation following 
ICSI in the bovine are necessary’.48

The need for horse oocyte activation is less 
apparent. Conflicting results are reported 
from fresh, chilled or frozen semen suggesting 
the type of sperm preparation influences the 
need to activate the oocyte.49
Studies involving frozen spermatozoa and 
ICSI reported good cleavage rates without 

sperm activation.1,43,50-53

‘The effects of four reagents on the activation 
and subsequent fertilization of equine 
oocytes, and the development of these 
after intracytoplasmic sperm injection, were 
investigated. Cumulus-oocyte complexes 
collected from equine ovaries obtained from 
an abattoir were matured in vitro for 40-44 
h in TCM199 medium before being injected, 
when in metaphase II, with an immobilized 
stallion spermatozoon. The cumulus-oocyte 
complexes were then subjected to one 
of five activation treatments: (a) 10 mu 
mol ionomycin l(-1) for 10 min; Co) 7% 
(v/v) ethanol for 10 min; (c) 100 mu mol 
thimerosal l(-1) for 10 min; (d) 250 mu mol 
inositol 1,4,5-triphosphate l(-1) injection; 
and (e) no treatment (control). After 18-20 
h further culture, the cumulus-oocyte 
complexes were assessed for activation 
by observing whether they had progressed 
through second anaphase- telophase and 
had formed a female pronucleus. 

The proportions of oocytes activated after 
each treatment were: 16/27 (59%) for 
ionomycin; 14/25 (56%) for ethanol; 22/28 
(79%) for thimerosal; 15/27 (56%) for 
inositol 1,4,5-triphosphate; and 0/20 (0%) 
for the untreated controls. Thus, significantly 
more oocytes (P < 0.05) were activated 
by treatment with thimerosal than by the 
other four treatments. The proportions of 
oocytes that cleaved to the two-cell stage 
at 24-30 h after sperm injection in the 
groups treated with ionomycin, ethanol 
and thimerosal were 7/20 (35%), 5/19 
(26%) and 11/ 23 (48%), respectively. No 
cleavage was observed in any of the control 
oocytes or those treated with inositol 1,4,5-
triphosphate, Furthermore, evidence of 
normal fertilization was observed in 2/7 
(29%), 2/5 (40%) and 7/11 (64%) of the 
oocytes treated with ionomycin, ethanol 
and thimerosal, respectively. These results 
demonstrated that: (a) it is possible to 
activate equine oocytes with the chemical 
stimulants, ionomycin, ethanol, thimerosal 
and inositol 1,4,5-triphosphate; Cb) 
thimerosal is more effective than the other 
three reagents in facilitating both meiotic 
activation and normal fertilization of equine 
oocytes; and (c) chemical activation may 
also stimulate parthenogenetic cleavage of 
oocytes without concurrent changes in the 
head of the spermatozoon’.
‘Intracytoplasmic sperm injection (ICSI) is 
the method of choice for fertilizing horse 
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oocytes in vitro. Nevertheless, for reasons 
that are not yet clear, embryo development 
rates are low. The aims of this study 
were to examine cytoskeletal and chromatin 
reorganization in horse oocytes fertilized 
by ICSI or activated parthenogenetically. 
Additional oocytes were injected with a 
sperm labeled with a mitochondrion-specific 
vital dye to help identify the contribution of 
the sperm to zygotic structures, in particular 
the centrosome. Oocytes were fixed at set 
intervals after sperm injection and examined 
by confocal laser scanning microscopy. In 
unfertilized oocytes, microtubules were 
present only in the metaphase-arrested 
second meiotic spindle and the first polar 
body. After sperm injection, an aster of 
microtubules formed adjacent to the sperm 
head and subsequently enlarged such that 
at the time of pronucleus migration and 
apposition it filled the entire cytoplasm. 

During syngamy, the microtubule matrix 
reorganized to form a mitotic spindle on 
which the chromatin of both parents aligned. 
Finally, after nuclear and cellular cleavage 
was complete, the microtubule asters 
dispersed into the interphase daughter cells. 
Sham injection induced parthenogenetic 
activation of 76% of oocytes, marked 
by the formation of multiple cytoplasmic 
microtubular foci that later developed into 
a dense microtubule network surrounding 
the female pronucleus. The finding that a 
parthenote alone can produce a microtubule 
aster, whereas the aster invariably forms 
at the base of the sperm head during 
normal fertilization, indicates that both 
gametes contribute to the formation of the 
zygotic centrosome in the horse. Finally, 
25% of sperm-injected oocytes failed 
to complete fertilization, mostly due to 
absence of oocyte activation (65%), which 
was often accompanied by failure of sperm 
decondensation. In conclusion, this study 
demonstrated that union of the parental 
genomes in horse zygotes is accompanied 
by a series of integrated cytoskeleton-
mediated events, failure of which results in 
developmental arrest’.

‘In oocytes from all mammalian species 
studied to date, fertilization by a 
spermatozoon induces intracellular calcium 
[Ca2+]i oscillations that are crucial for 
appropriate oocyte activation and embryonic 
development. Such patterns are species-
specific and have not yet been elucidated in 
horses; it is also not known whether equine 

oocytes respond with transient [Ca2+]i 
oscillations when fertilized or treated with 
parthenogenetic agents. Therefore, the 
aims of this study were: (i) to characterize 
the activity of equine sperm extracts 
microinjected into mouse oocytes; (ii) to 
ascertain in horse oocytes the [Ca2+]i 
-releasing activity and activating capacity 
of equine sperm extracts corresponding 
to the activity present in a single stallion 
spermatozoon; and (iii) to determine 
whether equine oocytes respond with [Ca2+]
i transients and activation when fertilized 
using the intracytoplasmic sperm injection 
(ICSI) procedure. The results of this study 
indicate that equine sperm extracts are able 
to induce [Ca2+]i oscillations, activation 
and embryo development in mouse oocytes. 
Furthermore, in horse oocytes, injection of 
sperm extracts induced persistent [Ca2+]
i oscillations that lasted for >60 min and 
initiated oocyte activation. Nevertheless, 
injection of a single stallion spermatozoon did 
not consistently initiate [Ca2+]i oscillations 
in horse oocytes. It is concluded that 
stallion sperm extracts can efficiently induce 
[Ca2+]i responses and parthenogenesis in 
horse oocytes, and can be used to elucidate 
the signalling mechanism of fertilization in 
horses. Conversely, the inconsistent [Ca2+]
i responses obtained with sperm injection in 
horse oocytes may explain, at least in part, 
the low developmental success obtained 
using ICSI in large animal species’.

‘In all species studied, fertilization induces 
intracellular Ca2+ [Ca2+]i oscillations 
required for oocyte activation and embryonic 
development. This species-specific pattern 
has not been studied in the equine, partly 
due to the difficulties linked to in vitro 
fertilization in this species. Therefore, 
the objective of this study was to use 
intracytoplasmic sperm injection (ICSI) to 
investigate fertilization-induced [Ca2+]i 
signaling and, possibly, ascertain problems 
linked to the success of this technology in 
the horse. In vivo- and in vitro-matured 
mare oocytes were injected with a single 
motile stallion sperm. Few oocytes displayed 
[Ca2+]i responses regardless of oocyte 
source and we hypothesized that this may 
result from insufficient release of the sperm-
borne active molecule (sperm factor) into 
the oocyte. However, permeabilization of 
sperm membranes with Triton-X or by 
sonication did not alleviate the deficient 
[Ca2+]i responses in mare oocytes. Thus, 
we hypothesized that a step downstream of 
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release, possibly required for sperm factor 
function, is not appropriately accomplished 
in horse oocytes. To test this, ICSI-fertilized 
horse oocytes were fused to unfertilized 
mouse oocytes, which are known to respond 
with [Ca2+]i oscillations to injection of 
stallion sperm, and [Ca2+]i monitoring was 
performed. Such pairs consistently displayed 
[Ca2+]i responses demonstrating that the 
sperm factor is appropriately released into 
the ooplasm of horse oocytes, but that 
these are unable to activate and/or provide 
the appropriate substrate that is required 
for the sperm factor delivered by ICSI to 
initiate oscillations. These findings may 
have implications to improve the success 
of ICSI in the equine and other livestock 
species’. 

ICSI Used for Studying Developmental 
Competence of in vivo and in vitro Matured 
Ocytes

In vitro versus in vivo oocyte maturation 
has usually resulted in reduced embryonic 
development and lower pregnancy rates 
after ICSI and culture and/or embryo 
transfer. This has also been demonstrated 
with in vitro culture systems for embryonic 
development compared to in vivo (e.g., the 
sheep oviduct), regardless of method of 
oocyte collection.

‘Blastocyst formation rates during horse 
embryo in vitro production (IVP) are 
disappointing, and embryos that blastulate 
in culture fail to produce the characteristic 
and vital glycoprotein capsule. The aim of 
this study was to evaluate the impact of IVP 
on horse embryo development and capsule 
formation. IVP embryos were produced by 
intracytoplasmic sperm injection of in vitro 
matured oocytes and either culture in synthetic 
oviduct fluid (SOF) or temporary transfer 
to the oviduct of a ewe. Control embryos 
were flushed from the uterus of mares 6-9 
days after ovulation. Embryo morphology 
was evaluated with light microscopy, and 
multiphoton scanning confocal microscopy 
was used to examine the distribution of 
microfilaments (AlexaFluor- Phalloidin 
stained) and the rate of apoptosis (cells with 
fragmented or terminal deoxynucleotidyl 
transferase-mediated dUTP nick end- 
labeling-positive nuclei). To examine the 
influence of culture on capsule formation, 
conceptuses were stained with a monoclonal 
antibody specific for capsular glycoproteins 
(OC-1). The blastocyst rate was higher for 

zygotes transferred to a sheep’s oviduct 
(16%) than for those cultured in SOF 
(6.3%). Day 7 IVP embryos were small and 
compact with relatively few cells, little or 
no blastocoele, and an indistinct inner cell 
mass. IVP embryos had high percentages 
of apoptotic cells (10% versus 0.3% for in 
vivo embryos) and irregularly distributed 
microfilaments. Although they secreted 
capsular glycoproteins, the latter did not form 
a normal capsule but instead permeated into 
the zona pellucida or remained in patches 
on the trophectodermal surface. These 
results demonstrate that the initial layer 
of capsule is composed of OC-1-reactive 
glycoproteins and that embryo development 
ex vivo is retarded and aberrant, with 
capsule formation failing as a result of failed 
glycoprotein aggregation’.

‘This study was conducted to evaluate 
in vivo and in vitro development of in 
vitro-matured equine oocytes fertilized by 
intracytoplasmic sperm injection. Oocytes 
were collected from slaughterhouse-derived 
ovaries, matured in vitro, and injected 
with frozen-thawed stallion sperm. In vivo 
development was assessed after transfer 
of injected oocytes to the oviducts of 
recipient mares. Mares were killed 7.5-
8.5 days after transfer and the uterus and 
oviducts flushed for embryo recovery. Of 
132 injected oocytes transferred, 69 (52%) 
were recovered; of these, 25 (36%) were 
blastocysts with a blastocoele and capsule. 
In vitro development was assessed in three 
culture systems. Culture of zygotes in 
modified Chatot, Ziomek, Bavister medium 
with BSA containing either 5.5 mM glucose 
for 7.5 days or 0.55 mM glucose for 3 days, 
followed by 3 mM glucose for 2 days, then 
4.3 mM glucose for 2.5 days, did not result 
in blastocyst formation. 

Culture of zygotes in Dulbecco modified 
Eagle medium (DMEM)/F-12 with 10% 
fetal bovine serum with and without 
coculture with equine oviductal epithelial 
explants yielded 16% and 15% blastocyst 
development, respectively. Development 
to blastocyst was significantly lower in 
G1.3/2.3/BSA than in DMEM/F-12/BSA or 
in either medium with 10% added serum 
(2% vs. 18%, 18% or 20%; P < 0.05), 
suggesting that requirements for equine 
embryo development differ from those for 
other species. These results indicate that in 
vitro-matured equine oocytes are sufficiently 
competent to form 36% blastocysts in an 
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optimal environment (in vivo). While we 
identified an in vitro culture system that 
provided repeatable blastocyst development 
without coculture, this yielded only half the 
rate of development achieved in vivo’.59

‘Follicle atresia and granulosa cell apoptosis 
may be related to oocyte meiotic and 
developmental competence. We analyzed 
the relationships among granulosa cell 
apoptosis, initial cumulus morphology, 
oocyte nuclear maturation in vitro, and 
pronucleus formation after intracytoplasmic 
sperm injection (ICSI) in the horse. For 
each follicle, the size was measured and 
granulosa cells were used for DNA laddering 
analysis. Oocytes were evaluated for 
cumulus morphology, cultured for in vitro 
maturation, and submitted to ICSI. 

Apoptosis was categorized as absent, 
intermediate, or advanced according to 
the relative concentrations of two DNA 
fragments at 900 and 360 base pairs (bp). 
In 98 oocyte-follicle pairs, 52 oocytes were 
classified as expanded (Exp), 39 as compact 
(Cp), and 7 as having a partial (P) cumulus. 
Advanced apoptosis was detected in 55% 
(54/98) of follicles; 37% (36/98) of follicles 
showed an intermediate level of apoptosis; 
and 8 follicles (8%) were nonapoptotic. 
Follicle size was not significantly correlated 
with granulosa cell apoptosis (P > 0.05). 
Significantly more Exp than Cp oocytes 
originated from follicles with advanced 
apoptosis (P < 0.001). The proportion of 
oocytes maturing in vitro was significantly 
higher in oocytes issuing from apoptotic 
follicles than in oocytes issuing from healthy 
follicles (P < 0.05). The proportion of 
normally (two pronuclei) or abnormally 
fertilized oocytes (one or greater than 
two pronuclei, or partially decondensed 
sperm) did not differ in relation to granulosa 
cell apoptosis. We conclude that, in the 
mare, granulosa cell apoptosis is related 
to cumulus expansion and an increase 
in oocyte meiotic competence but has 
no effect on the proportion of meiotically 
competent oocytes that activate after ICSI. 
These results provide selection criteria for 
horse oocytes used in assisted reproductive 
techniques so that embryo production may 
be maximized’.60

‘This study was conducted to evaluate 
the effect of initial cumulus morphology 
(expanded or compact) and duration of 
in vitro maturation (24, 30 or 42 h) on 

the developmental competence of equine 
oocytes after intracytoplasmic sperm 
injection (ICSI). The effect of manipulation 
temperature (room temperature vs 
37 degrees C) at the time of ICSI and 
concentration of glucose (0.55 vs 5.5 mM) 
during embryo culture was also investigated. 
The nuclear maturation rates of expanded 
(Ex) oocytes were significantly (P < 0.001) 
higher than those of compact (Cp) oocytes 
at all maturation times (61-72 vs 23-25% 
respectively). Forty-eight hours after ICSI 
of mature Ex oocytes, the rate of cleavage 
with normal nuclei was significantly (P < 
0.05) higher for oocytes matured for 24 h 
than for those matured for 30 or 42 h (73 
vs 57-59% respectively). For Cp oocytes, 
the morphologic cleavage rates for oocytes 
matured for 30 h were significantly higher 
(P < 0.05) than for those matured for 24 or 
42 h (86 vs 55-61% respectively). 

The overall proportion of embryos having 
more than four normal nuclei at 48 h 
culture was significantly higher (P < 0.05) 
for Cp than for Ex oocytes. Manipulation 
temperature did not affect development 
of embryos from Ex or Cp oocytes at 96 h 
after ICSI. Culture in high-glucose medium 
significantly increased morphologic cleavage 
of Cp, but not Ex, oocytes (P < 0.05). 
Embryos from Cp oocytes had a significantly 
higher average nucleus number after 96-h 
culture than did embryos from Ex oocytes. 
These data indicate that developmental 
competence differs between Ex and Cp 
equine oocytes, and is differentially affected 
by the duration of maturation and by 
composition of embryo culture media’.61

The above studies emphasise the importance 
of media capable of optimal culture 
conditions for both nuclear and cytoplasmic 
maturation of any oocytes to be used in 
ART. To date in vivo matured and ICSI 
injected equine oocytes have been better at 
providing normal development (per embryo) 
and live foal rate (per embryo transferred). 
However techniques to culture in vitro 
matured and ICSI fertilised oocytes to the 
blastocyst stage and resultant pregnancies 
has provided much encouragement for 
continued development of co-culture with 
oviductal epithelial cells.

The future of equine ICSI from a commercial 
standpoint will revolve around the ability 
to consistently provide embryos that 
can develop to an age that they can be 
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transferred non-surgically into the uterus, 
i.e. morula to expanding blastocyst.

reFereNceS

1.  McKinnon AO, Lacham-Kaplan O, Trounson AO (2000), 
Pregnancies produced from fertile and infertile stallions by 
intracytoplasmic sperm injection (ICSI) of single frozen-
thawed spermatozoa into in-vivo matured oocytes, Journal 
of Reproduction and Fertility (Suppliment) 56: 513-517.

2.  Duckitt K (2003), Infertility and subfertility, Clin Evid 
2044-2073.

3.  Feichtinger W, Kemeter P (1984), Laparoscopic 
or ultrasonically guided follicle aspiration for in vitro 
fertilization?, J In Vitro Fert Embryo Transf 1: 244-249.

4. Silber SJ (1998), Intracytoplasmic sperm injection today: a 
personal review, Hum Reprod 13 Suppl 1: 208-218.

5.  Laws-King A, Trounson A, Sathananthan H, Kola I (1987), 
Fertilization of human oocytes by microinjection of a single 
spermatozoon under the zona pellucida, Fertil Steril 48: 
637-642.

6. Palermo G, Joris H, Devroey P, Van Steirteghem AC (1992), 
Pregnancies after intracytoplasmic injection of single 
spermatozoon into an oocyte, Lancet 340: 17-18.

7.  Van Steirteghem AC, Liu J, Joris H, Nagy Z, Janssenswillen 
C, Tournaye H, Derde MP, Van Assche E, Devroey P (1993), 
Higher success rate by intracytoplasmic sperm injection 
than by subzonal insemination. Report of a second series 
of 300 consecutive treatment cycles, Hum Reprod 8: 1055-
1060.

8.  Ludwig M, Katalinic A (2002), Malformation rate in fetuses 
and children conceived after ICSI: results of a prospective 
cohort study, Reprod Biomed Online. 5: 171-178.

9. St John JC (2002), Ooplasm donation in humans: the 
need to investigate the transmission of mitochondrial DNA 
following cytoplasmic transfer, Hum Reprod 17: 1954-
1958.

10. Jones GM. Growth and viability of human blastocysts in 
vitro. Reproductive Medicine Review 8, 241-287. 2001.

11.Gardner DK, Lane M, Schoolcraft WB (2000), Culture and 
transfer of viable blastocysts: a feasible proposition for 
human IVF, Hum Reprod 15 Suppl 6: 9-23.

12.Scott RT, Jr., Hofmann GE, Veeck LL, Jones HW, Jr., Muasher 
SJ (1991), Embryo quality and pregnancy rates in patients 
attempting pregnancy through in vitro fertilization, Fertil 
Steril 55: 426-428.

13.George SS, Fernandes HA, Irwin C, Chandy A, George K 
(2003), Factors predicting the outcome of intracytoplasmic 
sperm injection for infertility, Natl Med J India 16: 13-15.

14.Giannini P, Piscitelli C, Giallonardo A, Sbracia M, Morgia F, 
Torti M, Montigiani M, Schimberni M (2004), Number of 
embryos transferred and implantation, Ann N Y Acad Sci 
1034: 278-283.

15.Lahav-Baratz S, Koifman M, Shiloh H, Ishai D, Wiener-
Megnazi Z, Dirnfeld M (2003), Analyzing factors affecting 
the success rate of frozen-thawed embryos, J Assist 
Reprod Genet 20: 444-448.

16.Kuliev A, Verlinsky Y (2005), Preimplantation genetic 
diagnosis in assisted reproduction, Expert Rev Mol Diagn 
5: 499-505.

17.Petersen CG, Mauri AL, Baruffi RL, Oliveira JB, Massaro 
FC, Elder K, Franco JG, Jr. (2005), Implantation failures: 
success of assisted hatching with quarter-laser zona 
thinning, Reprod Biomed Online. 10: 224-229.

18.Sallam HN (2004), Assisted hatching, Minerva Ginecol. 56: 
223-234.

19.Barnes FL, Crombie A, Gardner DK, Kausche A, Lacham-
Kaplan O, Suikkari AM, Tiglias J, Wood C, Trounson AO 
(1995), Blastocyst development and birth after in-vitro 
maturation of human primary oocytes, intracytoplasmic 
sperm injection and assisted hatching, Hum Reprod 10: 
3243-3247.

20.Anonymous (2000), Multiple gestation pregnancy. The 
ESHRE Capri Workshop Group, Hum Reprod 15: 1856-
1864.

21.Unger S, Hoopmann M, Bald R, Foth D, Nawroth F (2004), 
Monozygotic triplets and monozygotic twins after ICSI and 
transfer of two blastocysts: case report, Hum Reprod 19: 

110-113.
22.Palermo GD, Cohen J, Alikani M, Adler A, Rosenwaks Z (1995), 

Development and implementation of intracytoplasmic 
sperm injection (ICSI), Reprod Fertil Dev 7: 211-217.

23.Van der EJ, Van den AE, Vitrier S, Camus M, Devroey 
P, Van Steirteghem AC (1997), Selective transfer of 
cryopreserved human embryos with further cleavage after 
thawing increases delivery and implantation rates, Hum 
Reprod 12: 1513-1521.

24.Nagy ZP, Liu J, Joris H, Verheyen G, Tournaye H, Camus M, 
Derde MC, Devroey P, Van Steirteghem AC (1995), The 
result of intracytoplasmic sperm injection is not related 
to any of the three basic sperm parameters, Hum Reprod 
10: 1123-1129.

25.Liu J, Nagy Z, Joris H, Tournaye H, Devroey P, Van 
Steirteghem AC (1994), Intracytoplasmic sperm injection 
does not require special treatment of the spermatozoa, 
Hum Reprod 9: 1127-1130.

26.Liu J, Nagy Z, Joris H, Tournaye H, Smitz J, Camus M, 
Devroey P, Van Steirteghem A (1995b), Analysis of 76 total 
fertilization failure cycles out of 2732 intracytoplasmic 
sperm injection cycles, Hum Reprod 10: 2630-2636.

27.Silber SJ. http://www.infertile.com/treatmnt/treats/icsirev/
icsirev.htm . 2005b.

28.Silber SJ, Devroey P, Tournaye H, Van Steirteghem AC 
(1995a), Fertilizing capacity of epididymal and testicular 
sperm using intracytoplasmic sperm injection (ICSI), 
Reprod Fertil Dev 7: 281-292.

29.Silber SJ, Nagy ZP, Liu J, Godoy H, Devroey P, Van 
Steirteghem AC (1994), Conventional in-vitro fertilization 
versus intracytoplasmic sperm injection for patients 
requiring microsurgical sperm aspiration, Hum Reprod 9: 
1705-1709.

30.Silber SJ, Nagy Z, Liu J, Tournaye H, Lissens W, Ferec 
C, Liebaers I, Devroey P, Van Steirteghem AC (1995b), 
The use of epididymal and testicular spermatozoa for 
intracytoplasmic sperm injection: the genetic implications 
for male infertility, Hum Reprod 10: 2031-2043.

31.Liu J, Nagy Z, Joris H, Tournaye H, Devroey P, Van 
Steirteghem A (1995a), Successful fertilization and 
establishment of pregnancies after intracytoplasmic sperm 
injection in patients with globozoospermia, Hum Reprod 
10: 626-629.

32.Devroey P, Liu J, Nagy Z, Goossens A, Tournaye H, Camus 
M, Van Steirteghem A, Silber S (1995a), Pregnancies after 
testicular sperm extraction and intracytoplasmic sperm 
injection in non-obstructive azoospermia, Hum Reprod 10: 
1457-1460.

33.Devroey P, Silber S, Nagy Z, Liu J, Tournaye H, Joris 
H, Verheyen G, Van Steirteghem A (1995b), Ongoing 
pregnancies and birth after intracytoplasmic sperm 
injection with frozen-thawed epididymal spermatozoa, 
Hum Reprod 10: 903-906.

34.Silber SJ, Van Steirteghem A, Nagy Z, Liu J, Tournaye H, 
Devroey P (1996), Normal pregnancies resulting from 
testicular sperm extraction and intracytoplasmic sperm 
injection for azoospermia due to maturation arrest, Fertil 
Steril 66: 110-117.

35.Bonduelle M, Wilikens A, Buysse A, Van Assche E, Wisanto 
A, Devroey P, Van Steirteghem AC, Liebaers I (1996), 
Prospective follow-up study of 877 children born after 
intracytoplasmic sperm injection (ICSI), with ejaculated 
epididymal and testicular spermatozoa and after 
replacement of cryopreserved embryos obtained after 
ICSI, Hum Reprod 11 Suppl 4: 131-155.

36.Bonduelle M, Ponjaert I, Steirteghem AV, Derde MP, Devroey 
P, Liebaers I (2003), Developmental outcome at 2 years 
of age for children born after ICSI compared with children 
born after IVF, Hum Reprod 18: 342-350.

37.Short RV (1994), Human reproduction in an evolutionary 
context, Ann N Y Acad Sci 709: 416-425.

38.Short RV (1997), The testis: the witness of the mating 
system, the site of mutation and the engine of desire, Acta 
Paediatr Suppl 422: 3-7.

39.Silber SJ. http://www.infertile.com/inthenew/sci/modern.
htm . 2005a.

40.Pukazhenthi BS, Wildt DE, Howard JG (2001), The 
phenomenon and significance of teratospermia in felids, J 
Reprod Fertil Suppl 57: 423-433.

SAEVA Proceedings.indd   294 2/11/09   11:45:20 AM



295

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

41.Bezard J, Magistrini M, Battut I, Duchamp G, Palmer E 
(1992), In vitro fertilization in the mare, Recueil De 
Medecine Veterinaire De L’Ecole D’Alfort 168: 993-1003.

42.Palmer E, Bezard J, Magistrini M, Duchamp G (1991), In 
vitro fertilization in the horse. A retrospective study, J 
Reprod Fertil Suppl. 44: 375-384.

43.Dellaquila ME, DeFelici M, Massari S, Maritato F, Minoia 
P (1999), Effects of fetuin on zona pellucida hardening 
and fertilizability of equine oocytes matured in vitro, Biol 
Reprod 61: 533-540.

44.Squires EL, Wilson JM, Kato H, Blaszczyk A. A pregnancy 
after intracytoplasmic sperm injection into equine oocytes 
matured in vitro. Therio 45, 306. 1996.

45.Cochran R, Meintjes M, Reggio B, Hylan D, Carter J, Pinto 
C, Paccamonti DL, Graff KA, Godke RA. Production of 
live foals from sperm-injected oocytes harvested from 
pregnant mares. J Reprod Fertil (Supplement) 56, 503-
512. 2000.

46.Li XH, Morris LHA, Allen WR. Influence of co-culture during 
maturation on the developmental potential of equine 
oocytes fertilized by intracytoplasmic sperm injection 
(ICSI). Reproduction 121[6], 925-932. 2001.

47.Galli C, Crotti G, Turini P, Duchi R, Mari G, Zavaglia G, 
Duchamp G, Daels P, Lazzari G. Frozen-thawed embryos 
produced by Ovum Pick Up of immature oocytes and ICSI 
are capable to establish pregnancies in the horse. Therio 
58[2-4], 705-708. 2002.

48.Chung JT, Keefer CL, Downey BR. Activation of bovine 
oocytes following intracytoplasmic sperm injection (ICSI). 
Therio 53[6], 1273-1284. 2000.

49.Choi YH, Love CC, Love LB, Varner DD, Brinsko S, Hinrichs 
K (2002), Developmental competence in vivo and in 
vitro of in vitro-matured equine oocytes fertilized by 
intracytoplasmic sperm injection with fresh or frozen-
thawed spermatozoa, Reproduction 123: 455-465.

50.Dellaquila ME, Cho YS, Minoia P, Traina V, Fusco S, Lacalandra 
GM, Maritato F (1997a), Intracytoplasmic Sperm Injection 
(Icsi) Versus Conventional IVF on Abattoir-Derived and in 
Vitro-Matured Equine Oocytes, Therio 47: 1139-1156.

51.Dellaquila ME, Cho YS, Minoia P, Traina V, Lacalandra 
GM, Maritato F (1997b), Effects of Follicular-Fluid 
Supplementation of in-Vitro Maturation Medium on the 
Fertilization and Development of Equine Oocytes After 
in-Vitro Fertilization or Intracytoplasmic Sperm Injection, 
Hum Reprod 12: 2766-2772.

52.Grondahl C, Hansen TH, Hossaini A, Heinze I, Greve T, 
Hyttel P (1997), Intracytoplasmic Sperm Injection of 

in-Vitro Matured Equine Oocytes, Biol Reprod 57: 1495-
1501.

53.Tremoleda JL, Colenbrander B, Stout TAE, Bevers MM. 
Reorganisation of the cytoskeleton and chromatin in horse 
oocytes following intracytoplasmic sperm injection. Therio 
58[2-4], 697-700. 2002.

54.Li XH, Morris LH, Allen WR. Effects of different activation 
treatments on fertilization of horse oocytes by 
intracytoplasmic sperm injection. J Reprod Fertil 119[2], 
253-260. 2000.

55.Tremoleda JL, Van Haeften T, Stout TA, Colenbrander 
B, Bevers MM (2003b), Cytoskeleton and chromatin 
reorganization in horse oocytes following intracytoplasmic 
sperm injection: patterns associated with normal and 
defective fertilization, Biol Reprod 69: 186-194.

56.Bedford SJ, Kurokawa M, Hinrichs K, Fissore RA. Intracellular 
calcium oscillations and activation in horse oocytes injected 
with stallion sperm extracts or spermatozoa. Reproduction 
126[4], 489-499. 2003.

57.Bedford SJ, Kurokawa M, Hinrichs K, Fissore RA (2004), 
Patterns of intracellular calcium oscillations in horse 
oocytes fertilized by intracytoplasmic sperm injection: 
possible explanations for the low success of this assisted 
reproduction technique in the horse, Biol Reprod 70: 
936-944.

58.Tremoleda JL, Stout TAE, Lagutina I, Lazzari G, Bevers MM, 
Colenbrander B, Galli C. Effects of in vitro production on 
horse embryo morphology, cytoskeletal characteristics, 
and blastocyst capsule formation. Biol Reprod 69[6], 
1895-1906. 2003a.

59.Choi YH, Roasa LM, Love CC, Varner DD, Brinsko SP, 
Hinrichs K (2004b), Blastocyst formation rates in vivo and 
in vitro of in vitro-matured equine oocytes fertilized by 
intracytoplasmic sperm injection, Biol Reprod 70: 1231-
1238.

60.Dell’Aquila ME, Albrizio M, Maritato F, Minoia P, Hinrichs 
K (2003), Meiotic competence of equine oocytes and 
pronucleus formation after intracytoplasmic sperm 
injection (ICSI) as related to granulosa cell apoptosis, Biol 
Reprod 68: 2065-2072.

61.Choi YH, Love LB, Varner DD, Hinrichs K (2004a), Factors 
affecting developmental competence of equine oocytes 
after intracytoplasmic sperm injection, Reproduction 127: 
187-194.

SAEVA Proceedings.indd   295 2/11/09   11:45:20 AM



296

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

Foal Heat Breeding

Many of our clients wish to breed mares 
on foal heat. The reasons are generally 
obvious. The gestation of the mare averages 
340 days. However some are longer. Most 
of us involved with commercial breeding 
farms recognise a financial penalty for foals 
born later than the normal accepted times. 
Without breeding at foal heat it may be hard 
to maintain an foaling interval of 365 days 
in some cases. In addition clients with brood 
mares on farms sometimes are paying 
high agistment costs and place pressure 
on managers to get their mares pregnant 
and send them home as soon as possible. 
Sometimes farm mangers cannot resist the 
temptation to breed at foal heat despite the 
potential problems, just because the mare 
is showing heat and their knowledge that 
foal heat mares ovulate quite quickly.

Put simply the positive aspects of foal heat 
breeding is a decrease of the inter-foaling 
interval and all the attendant benefits. 
The negative aspects that many stud farm 
personnel fail to recognise is the increase 
in early embryonic death. The interplay of 
these opposing outcomes should be factored 
into any decision making analysis.

Some relevant study 
summaries on foal heat 
breeding are presented 
below.

Because of the mare’s ability to conceive very 
soon post partum a thoroughly performed 
control of the puerperal period is of particular 
importance. Cytological examinations of 
Uterine content and histological examinations 
of uterine biopsy specimens provide more 
detailed information than microbiological 
examinations of uterine swabs. Uterine 
content and uterus biopsy specimens of 
55 mares were examined histologically on 
days 3, 6 and 9 post partum. We observed 
a heavy polymorphonuclear reaction of the 
endometrium following disturbed puerperal 
processes especially in cases of retained 
placenta. This reaction of the endometrium 
as well as a delayed regeneration of the 
uterine epithelium and the uterine gland 
epithelium resulted in significantly lower 
fertility rates at the first post partum 
oestrus. In such cases the foal heat should 

therefore not be used for breeding (Belz and 
Glatzel, 1995)

A retrospective study on the reproductive 
performance of 401 artificially inseminated 
trotter mares during six breeding seasons 
is presented. Mares, 279 post partum (PP) 
and 122 maiden and barren, or nonlactating 
(NL), were inseminated with fresh semen 
obtained from four fertile stallions of the 
same breed. Pregnancy rate (PR) of mares 
inseminated at the foal heat (182/253, 
71.9%) was lower, but not significantly 
different, than the PR (22/26, 84.6%) of 
mares inseminated for the first time at the 
second post partum cycle and similar to 
the PR at the first and second cycle of NL 
mares (95/112, 77.8% and 25/33, 75.7%, 
respectively). PR of mares inseminated at 
the foal heat was higher, but nonsignificantly 
different, from PR of the post partum mares 
not pregnant after artificial insemination 
(AI) at foal heat and inseminated again at 
the following estrous cycle. 

The PR after AI at the foal heat was 
significantly higher than the PR when the 
AI was performed at the third or later cycle 
in NL mares (71.9% vs 22.2%, P<0.01). 
The estrus cycle/pregnancy ratio for the PP 
mares inseminated for the first time at the 
foal heat or at the second heat and for NL 
mares was, respectively, 1.4, 1.2, 1.3 at 
first cycle and 1.4, 1.3 and 1.4 at the end of 
the season or when mares left the stud. The 
proportion of open mares at the end of the 
season or when leaving the stud was 7.1% 
(18/253), 3.8% (1/26) and 4.1% (5/122) 
for PP mares first inseminated at the first 
or second post partum cycle and for NL 
mares, respectively; the total rate of open 
mares was 6% (24/401). The foaling rate 
(FR) following conception at the foal heat 
(72.1%) was not statistically different from 
the FR following conception at any other 
cycle (50-100%). Based on the absence of 
significant differences in fertility at the first 
post partum estrus cycle versus any other 
estrus cycle, we conclude that breeding at 
the foal heat should be advisable (Camillo 
et al., 1997)

3740 mares were diagnosed pregnant by 
ultrasound around day 22 (+- 5) (day 0 
being the day of last service) and checked 

AO McKinnon
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again around day 44 (+- 12). Parturition 
or abortion was recorded for all mares 
which were still pregnant at the second 
test. Pregnancy loss between the two early 
pregnancy diagnoses was 8.9% (n = 3740). 
This rate was 5.5% (n = 2984) when one 
normal single pregnancy was diagnosed on 
the first test. It was increased when uterine 
endometrial cysts were present (24.4%; 
n = 86) or when the conceptus looked 
abnormal (34.8%; n = 279). Following 
278 twin pregnancy tests, 9.7% of total 
resorptions of both twins and 61.5% of 
unilateral resorption of one of them were 
observed. Following 113 crushings of one 
twin conceptus, 20.3% of resorption of the 
remaining twin conceptus was noted. 

Abortion rate between day 44 and day 310 
was 9.1% (n = 2988). Abortions were more 
frequent in the case of twins pregnancies 
(52.8%; n = 53). A higher abortion rate of 
the remaining twin conceptus was observed 
after crushing (23.8%; n = 80) or after 
natural resorption of one of the twins 
(13.5; n = 148). Early and late pregnancy 
loss increased with the age of the mare. 
Resorption rate, but not abortion rate, 
increased with parity. Breed had no effect 
on pregnancy loss. Reproductive status was 
not linked with embryonic death frequencies, 
but abortion rate increased if the mare 
became pregnant during foal heat. Similar 
resorption rates were observed in 261 
different stallion “harems” (groups of mares 
served by the same stallion). Similarly, 
the rate of abortion was not linked to the 
stallion (192 groups of mares). The day 
by day risk of pregnancy loss decreased 
steadily as pregnancy progressed (Chevalier 
Clement, 1989)

Fifty-six post partum (p.p) periods were 
studied in 41 mares. The mares were 
examined clinically (rectal palpation, 
ultrasound scanning, vaginoscopy) on the 
2nd and 5th day p.p. and thereafter every 
other day until ovulation. Thirty-five mares 
were inseminated in the first p.p. oestrus. 
The conception rate in the first oestrus 
was 45.7% and the final conception rate 
was 94.3%. The mares were examined 
rectally, with an ultrasound scanner and 
vaginal speculum. None of the parameters 
examined (uterine size, tone and contents; 
endometial folds, amounts and character 
of vaginal contents; oedema and colour 
of portio vaginalis; age) was correlated 
with the fertility of foal heat insemination 

(Dawson, 1977;Katila et al., 1988a)

Fifty-three post-partum (p.p.)periods were 
studied in 38 mares. Uterine samples 
were taken on the 2nd and 5th days 
p.p. and thereafter every other day until 
ovulation. Uterine swabs were examined for 
bacteria and neutrophils and uterine biopsy 
specimens for neutrophils and lymphocytes. 
The occurrences of bacteria and leukocytes 
was most common on day 5 p.p. The 
dominant organism on day 2 was E. coli 
and on day 5 beta- haemolytic streptococci. 
Thirty-four mares were inseminated during 
the first p.p. oestrus. Only the occurrence 
of neutrophils in day 5 biopsy specimens 
correlated with foal heat fertility. The 
pregnancy rate of mares with neutrophils 
or bacteria in uterine swabs was not 
significantly lower as compared to mares 
with no bacteria and no neutrophils. Routine 
swabbing of post- partum mares does not 
seem worthwhile (Katila et al., 1988b)

The effects of oxytocin and two prostaglandin 
(PG)F-2alpha analogues, prostalene and 
alfaprostol, on uterine pressure in the 
mare were measured using balloon-tipped 
catheters connected to pressure transducers. 
The PGF-2alpha analogues caused increased 
uterine pressure beginning 7 to 15 min 
postinjection and persisting for the duration 
of each 60 min recording session. Forty 
postpartum mares of light-horse breed were 
used to evaluate the effects of prostalene 
on postpartum pregnancy rate. Eighteen 
mares were injected by aseptic technique 
subcutaneously with 1 mg prostalene twice 
daily, beginning on the day of foaling (Day 0) 
and continuing for 10 consecutive days (Day 
10) or until the mare was first bred at foal 
heat. Twenty-two postpartum mares were 
injected with 1.0 ml sterile saline by the 
same technique as the controls. Of treated 
mares, 76.9% were diagnosed pregnant 
after breeding versus 44.4% of the control 
mares (P = 0.07). Of treated mares, 66.7% 
bred at their second postpartum estrus 
became pregnant versus 28.6% of control 
mares (P = 0.03). Prostalene, given at 1 mg 
twice daily for 10 d postpartum, produced 
an increased pregnancy rate after both 
foal heat and second postpartum estrus 
breedings in the mare (Ley et al., 1988)

This project surveys the reproductive 
performance of 154 foaling Thoroughbred 
mares on a commercial stud in southern 
Victoria. Of these, 96 were served of foal 
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heat (FHS) and 58 were served at a 
subsequent prostaglandin-induced oestrus 
(PGS). The PGS group of mares performed 
more favorably in all aspects except the 
foaling- to-conception internal where there 
was a 9.4 day advantages to the FHS 
group. The first sequence conception rate in 
the FHS group was 47.9% compared with 
55.2% in PGS mares. Second heat period 
conception rates were 46% vs 57.7% for 
FHS and PGS mares, respectively. Overall 
conception rates at the end of the breeding 
season were 83.3% in the FHS group and 
89.7% in the PGS group. Pregnancy losses 
before day 45 and after day 45 were 10% 
and 9.3% in FHS mares and 3.9% and 3.6% 
in the PGS mares. Served oestrous periods 
per conception numbered 1.7 and 1.4 in the 
FHS and PGS groups, respectively (Lowis 
and Hyland, 1991)

Mares (n = 37) were treated on Days 2 
and 4 post partum with a uterine lavage 
of 10 l of warm, sterile NaCl (0.9%) 
solution. Endometrial cytology and culture 
were performed on Day 7. Mares were 
bred on the first postpartum estrus by 
artificial insemination. Pregnancy rates were 
determined by ultrasound examination at 
Day 16 post ovulation. No differences were 
noted in degree of uterine inflammation or 
presence of uterine bacteria at Day 7 post 
partum between treated (n = 18) and control 
(n = 19) mares. Pregnancy rates at the 
first postpartum estrus from treated mares 
(55.5%) was not statistically different from 
that of control mares (68.4%). No advantage 
was noted in the use of intrauterine lavage 
with 10 l of warm sterile NaCl (0.9%) at 
Days 2 and 4 post partum as a means of 
improving foal heat pregnancy rate (McCue 
and Hughes, 1990)

The present study was carried out 
to investigate the pregnancy rate after 
covering in the foal heat (Group I), in the 
subsequent spontaneous heat (Group II), 
and in the induced heat (Group III) after 
administration of 7.5 mg of the prostaglandin 
F2alpha analogue Luprostiol (Reprodin(R), 
Bayer) between the 20th and 22th day post 
partum. Breeding during foal heat resulted 
in a pregnancy rate of 43.9 % compared 
to 48.6 % in the subsequent spontaneous 
heat post partum. Of 18 mares in group III, 
14 mares had a foal heat, whereas 4 others 
had not shown a foal heat. 1-8 days after 
treatment, 14 mares (77.8 %) returned to 
an oestrus. In consideration of the mares 

which had shown a foal heat, oestrus was 
induced in 85.7 % of treated mares. In 
this group, a pregnancy rate of 50.0 % 
was achieved. In conclusion, the results of 
the present study indicate that induction 
of oestrus by treatment with prostaglandin 
20-22 days after parturition for covering 
is a good alternative (Sonmez and Eroglu, 
1994).

‘In this study, the effects of oxytocin and 
an analog of prostaglandin (cloprostenol) 
on the uterine involution and pregnancy 
rates were investigated. Mares received 3 
ml of 0.9% NaCl in Group C (n=10), 30 
IU/mare of oxytocin in Group O (n=10) 
and 250 microg/mare of cloprostenol in 
Group P (n=10) within 12h after parturition. 
The gravid uterine horn’s cross-sectional 
diameter was measured by ultrasonography. 
The mean uterine diameters did not differ 
significantly between the treatment (O and 
P) and the control (C) groups (p>0.05). 
The difference between the postpartum 
ovulation periods (Group C: 12.6+/-0.72 
days, Group O: 15+/-1.33 days, Group P: 
14.6+/-1.11 days), the pregnancy rates at 
foal heat (Group C: 60%, Group O: 60%, 
Group P: 80%) and the embryonic death 
rates at foal heat (Group C: 33.3%, Group 
O: 16%, Group P: 25%) were not found 
to be statistically significant between the 
treatment and the control groups. The mean 
progesterone concentrations were similar in 
all groups and decreased continuously from 
parturition to until foal heat (Group C: from 
2.43+/-0.24 to 0.66 ng/ml, Group O: from 
3.07+/-0.6 to 0.27+/-0.27 ng/ml and Group 
P: from 2.8+/-0.44 to 0 ng/ml) (p>0.05). In 
conclusion, it was decided that the oxytocin 
and PGF2alpha treatments performed on 
the mares with the purpose of stimulating 
involution had no effect on the duration of 
parturition-first ovulation, the shrinkage 
of the uterus diameter, the pregnancy 
and embryonic death rates’(Gunduz et al., 
2008)

The pregnancy rate is lower in mares 
inseminated at the first post-partum 
(p.p.) oestrus (40-50%) compared with 
pregnancy rates in subsequent oestrous 
cycles (55-65%). The causes of the lowered 
pregnancy rate are not fully understood. 
The aim of the present study was to 
examine if embryonic defects could be one 
of the reasons for lowered pregnancy rate. 
A total of 23 p.p. and 14 non-lactating 
control mares were flushed 7 days after 

SAEVA Proceedings.indd   298 2/11/09   11:45:20 AM



299

South African Equine Veterinary Association Annual Congress 2009 - Proceedings

detection of ovulation. Embryo recovery 
rate was 48% and 71% in p.p. and control 
mares, respectively (p = 0.16). Embryos 
were photographed, measured, graded and 
stained with fluorescein diacetate to assess 
their viability. Thereafter embryos were 
bisected and stained with Hoechst 33342 to 
count the cell nuclei. Embryos in both groups 
were equally viable and the cell numbers 
were not significantly different. According to 
morphological evaluation all embryos were 
classified as excellent or good. Embryos 
aged 7.3 to 7.6 days (+/-0.25 days) were 
smaller in the p.p. group than in the control 
group (p < 0.05). 

Forty-seven (9/19) and 8% (1/13) 
of the uterine swabs, taken before the 
first insemination, yielded bacteria and 
neutrophils in p.p. and control mares, 
respectively. The amount of neutrophils and/
or bacteria had no statistically significant 
effect on embryo recovery rate (p > 0.10). 
Recovery of embryos was not related to 
histological findings in uterine biopsies taken 
after embryo recovery. Embryo recovery 
rate in p.p. mares (48%) was similar to 
previously reported foal heat pregnancy 
rates (40-50%). Hence, early embryonic 
death in utero would not be the most likely 
reason for lowered pregnancy rate in mares 
inseminated at the first p.p. oestrus. Sperm 
transport and oviductal conditions by the 
time of the first p.p. oestrus would need to 
be studied to clarify the role of fertilisation 
failure as the cause of lower pregnancy rate 
in mares inseminated at foal heat(Huhtinen 
et al., 1996)

OBJECTIVE: To determine endometrial 
regeneration in postpartum mares by 
analysis of histologic features, apoptosis 
and cell proliferation markers, lectin 
binding, cytokines, and progesterone and 
estrogen receptors in endometrial biopsy 
specimens. ANIMALS: 9 postpartum mares. 
PROCEDURES: Mares were examined 
on postpartum days 1, 9, and 16, and 
uterine biopsy specimens were obtained for 
histologic examination. Lectin binding was 
analyzed histochemically, and expressions 
of Ki-67 antigen (proliferation marker), 
lysozyme, and caspase 3 (apoptosis marker) 
were studied immunohistochemically. Gene 
expressions for cytokines (interleukin-1beta, 
-6 and -8 and tumor necrosis factor-alpha), 
cyclooxygenase 2, prostaglandin-E-synthase, 
and estrogen and progesterone receptors 
were determined by use of quantitative 

real-time PCR assay. RESULTS: On day 1, 
neutrophils predominated but by day 9 had 
largely been replaced by lymphocytes and 
macrophages. High numbers of cells with 
staining for caspase 3 were found on day 1, 
but numbers decreased by day 9. In contrast, 
the number of cells with staining for Kiel 67 
antigen increased between days 1 and 9. 
Lectin binding to the endometrium changed 
over time. Relative mRNA expressions for 
cytokines and prostaglandin-E-synthase 
did not differ among days. Expressions 
of progesterone and estrogen receptors 
were minimal on day 1 and increased 
by day 9. CONCLUSIONS AND CLINICAL 
RELEVANCE: Early postpartum endometrial 
cells underwent apoptosis, but during the 
second week, postpartum proliferation of 
cells predominated. Lectin binding reflected 
changes in endometrial glycocalyx patterns. 
Increased expression of estrogen receptors 
allowed the endometrium to respond to 
estrogen during foal heat, and in subsequent 
diestrus, the endometrium was able to 
respond to progesterone(Jischa et al., 
2008)

The aim of the study was to determine 
whether neutrophil numbers (PMN), trypsin-
inhibitor capacity (TIC), lysozyme, N-acetyl-
beta-D-glucosaminidase (NAGase), beta-
glucuronidase (B-Gase), total protein, and 
plasmin in uterine lavage fluid of postpartum 
(p.p.) mares, either at the time of foal heat 
insemination or around the time of arrival 
of the embryo in the uterus, could be used 
in predicting conception. Fifteen mares 
were inseminated within 13 h after the 
first p.p. ovulation. Uterine lavage fluids 
were successfully collected from 9 out of 12 
mares before insemination and from all 15 
mares before embryo recovery 7 to 8 days 
after insemination. 

The embryo recovery rate was 53% 
(8/15). Prior to insemination, PMN, TIC 
and lysozyme levels were elevated in 3/4 
mares not producing embryos. However, 
only 1/5, 1/5 and 0/5 mares producing 
embryos had elevated levels of PMN, TIC, 
and lysozyme, respectively. None of the 
parameters was significantly different 
in mares with or without embryos, but 
lysozyme was the closest to significance (p 
= 0.07). In both groups of mares, activities 
of NAGase (p < 0.01) and B-Gase (p < 
0.05) were significantly higher in dioestrus 
than immediately after ovulation. At embryo 
recovery, NAGase was higher in mares not 
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producing embryos (p < 0.05). The results 
suggest that a long-lasting inflammation 
is the best explanation for low pregnancy 
rates during the first p.p. oestrus. Further 
research is needed to establish whether 
lysozyme, or possibly TIC, could be used in 
predicting conception at foal heat(Reilas et 
al., 2000)

Because the incidence of retained placenta 
in Friesian mares is estimated to be high, 
and no reports have been published on 
the reproductive performance of Friesian 
mares after retained placenta, we studied 
postpartum reproductive performance in 
Friesian brood mares with (n = 54) and 
without (n = 50) retained placenta. We 
defined a retained placenta as the failure to 
expel all fetal membranes within 3 h after the 
delivery of a foal. We subdivided the group 
of mares with retained placenta into mares 
in which the placenta had been removed 
manually (n = 30) and mares in which it 
had not (n = 24). Within each group, we 
compared reproductive performance after 
breeding in the foal heat and breeding in a 
subsequent heat. We also recorded the age 
of the mares, number of mares treated with 
antibiotics after insemination, and number 
of mares treated with prostaglandins. 

The interval between delivery and 
conception, efficacy rate (number of served 
cycles divided by the number of mares 
that had a positive pregnancy diagnosis), 
seasonal pregnancy rate, pregnancy rate 
after first insemination, pregnancy loss 
rate, and foaling rate did not differ between 
mares with and without retained placenta 
or between mares with and without manual 
removal of the retained placenta. Within 
each group, the pregnancy rate after first 
insemination did not differ between breeding 
for the first time in the foal heat and breeding 
for the first time in a subsequent heat. We 
concluded that reproductive performance 
did not differ between (1) Friesian mares 
with and without retained placenta and (2) 
Friesian mares with and without manual 
removal of the placenta. With regard to 
reproductive performance, retained placenta 
and manual removal of the placenta are not 
valid reasons to avoid foal heat breeding in 
Friesian mares (Sevinga et al., 2002)

The effects of different artificial insemination 
(AI) techniques and sperm doses on 
pregnancy rates of normal Hanoverian 
breed mares and mares with a history of 

barrenness or pregnancy failure using fresh 
or frozen-thawed sperm were investigated. 
The material included 187 normal mares (148 
foaling and 39 young maiden mares) and 85 
problem mares with abnormal reproductive 
history. Mares were randomly allotted into 
groups with respect to AI technique (routine 
AI into the uterine body, transrectally 
controlled deep intracornual AI ipsilateral 
to the preovulatory follicle, or hysteroscopic 
AI onto the uterotubal junction ipsilateral to 
the preovulatory follicle), storage method 
of semen (fresh, frozen-thawed), AI volume 
(0.5, 2, 12 ml), and sperm dose (50 x 
10(6) or 300 x 10(6) progressively motile 
sperm (pms) for fresh semen and 100 or 
800 x 10(6) frozen-thawed sperm with 
>35% post-thaw motility). The mares were 
inseminated once per cycle, 24 h after hCG 
administration when fresh semen was used, 
or 30 h for frozen- thawed semen. 

Differences in pregnancy rates between 
treatment groups were analyzed by Chi-
squared test, and for most relevant factors 
(insemination technique, mare, semen, and 
stallion) expectation values and confidence 
intervals were calculated using multivariate 
logistic models. Neither insemination 
technique, volume, sperm dose, nor mare 
or stallion had significant effects (P > 
0.05) on fertility. Type of semen, breeding 
mares during foal heat, and an interaction 
between insemination technique, semen 
parameters, and mares did have significant 
effects (P < 0.05). In problem mares, 
frozen semen AI yielded significantly lower 
pregnancy rates than fresh semen AI 
(16/43, 37.2% versus 25/42, 59.5%), but 
this was not the case in normal mares. 
In normal mares, hysteroscopic AI with 
fresh semen gave significantly (P < 0.05) 
better pregnancy rates than uterine body 
AI (27/38, 71% versus 18/38, 47.3%), 
whereas in problem mares this resulted in 
significantly lower pregnancy rates than 
uterine body AI (5/15, 33.3% versus 16/19, 
84.2%). Our results demonstrate that for 
problem mares, conventional insemination 
into the uterine body appears to be superior 
to hysteroscopic insemination and in normal 
mares, the highest pregnancy rates can 
be expected by hysteroscopic insemination 
(Sieme et al., 2004)

Mares treated with subcutaneous deslorelin 
implants on the first postpartum estrus 
early in the breeding season had significant 
reductions in the number of large follicles at 
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early pregnancy examinations and delayed 
return to estrus (in mares that failed to 
become pregnant); these adverse effects 
were attributed to a prolonged release 
of the drug from the implant. In 2003, 
an injectable short-term release (<24 h) 
deslorelin product became available. The 
objective of this study was to determine if 
this product would hasten ovulation in early 
foaling first postpartum estrus mares without 
reducing the number of large follicles at 
early pregnancy examination (14-15 days 
postovulation). 

Beginning 5-6 days postpartum, first 
postpartum estrus (foal-heat) mares were 
teased daily and examined thrice weekly 
(Tuesday, Thursday and Saturday) by 
transrectal ultrasonography. Mares in estrus 
with a follicle > or = 34 mm diameter on 
Tuesdays or Thursdays were alternately 
assigned to: Treatment 1, n = 17; 1.5 mg 
injectable short-term release deslorelin, or 
Treatment 2, n = 16; Control (no treatment). 
The schedule allowed accurate determination 
of the number of mares ovulating within 2 
days of treatment (i.e., ovulations detected 
on Thursday or Saturday). 

Mares were mated on the day of treatment 
and at 2-day intervals until either ovulation 
was confirmed or until behavioral estrus 
ceased. Transrectal ultrasonography was 
done 14-15 days after ovulation to assess 
ovarian follicles and pregnancy status. 
Fewer covers were required and more 
mares ovulated within 2 days of treatment 
in deslorelin-treated versus Control mares 
(P < 0.01). Pregnancy rates were normal 
(69%) in deslorelin-treated mares. The 
number of large follicles 14-15 days after 
ovulation did not differ between deslorelin-
treated and Control mares (P > 0.10), 
suggesting follicular suppression did not 
occur with this formulation of Deslorelin 
(Stich et al., 2004)

A summary of our approaches to the post 
partum mare appears below. The final study 
listed here (McKinnon et al., 1988) has 
helped develop our most enduring approach 
to foal heat breeding.

Ultrasonographic Studies of 
the Uterus After Parturition

In the equine industry, economic incentives 
influence breeders to attempt a foaling 
interval of 12 months or less. This commonly 

necessitates breeding of mares during 
the first post-partum ovulation. However, 
fertility has been reported lower in mares 
bred during the first post-partum ovulatory 
period compared with mares bred during 
subsequent cycles (Merkt and Gunzel, 
1979), and early embryonic death has been 
reported higher for mares bred at this time 
(Lieux, 1980;Merkt and Gunzel, 1979;Platt, 
1973). 

This decreased fertility may be due to 
failure of elimination of microbes during 
uterine involution (Merkt and Gunzel, 
1979;Platt, 1973) or their introduction at 
breeding. In addition, presence of uterine 
fluid during oestrus (McKinnon et al., 1988) 
and dioestrus (Adams et al., 1987;McKinnon 
et al., 1987) has been shown to reduce 
fertility of mares. A study (McKinnon et 
al., 1988) was conducted to evaluate two 
hypotheses: 1) uterine involution and fluid 
accumulation could be effectively monitored 
with ultrasonography and used to predict 
fertility of mares bred during the first post-
partum ovulatory cycle, and 2) delaying 
ovulation with a progestin would result 
in improved pregnancy rates in mares 
bred during the first post-partum ovulatory 
period. 

The previously gravid horn was larger than 
the non-gravid horn for a mean of 21 days 
(range 15 to 25) after parturition. Uterine 
involution was most obvious at the corpus 
cornual junction. When the results of three 
ultrasonographic scans were similar, over 
a 5-day period, the uterus was considered 
to be involuted. On the average, uterine 
involution was completed by day 23 (range 
13 to 29). Quantity and quality of uterine fluid 
were not affected by progestin treatment. 
Number of mares with detectable uterine 
fluid decreased after day 5 post-partum. 
Uterine fluid generally decreased in quantity 
and improved in quality between days 3 and 
day 15. Fewer (P < 0.005) mares became 
pregnant when uterine fluid was present 
during the first post-partum ovulatory 
period (3 of 9, 33%), compared to when no 
fluid was detected (26 of 31, 84%). Mares 
with uterine fluid during breeding did not 
have appreciably larger uterine dimensions, 
compared with those mares not having fluid. 
There was no relationship between uterine 
size on day of ovulation and pregnancy rate. 
Ovulation’s were delayed, and pregnancy 
rates improved in progestin-treated mares. 
More (P < 0.05) mares became pregnant 
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(23/28, 82%) when they ovulated after 
day 15, in the first post-partum ovulatory 
period, than mares that ovulated before day 
15 (6/12, 50%). Ultrasonography has been 
proven useful in detecting mares with post-
partum uterine fluid. Further, it could be 
used to aid in determining whether a mare 
should be bred, treated, or not bred during 
the first post-partum ovulatory period. 

During oestrus, uterine fluid may be 
spermicidal and/(or) an excellent medium 
to support bacterial proliferation. When fluid 
is present during dioestrus, it may cause 
premature luteolysis or early embryonic 
death (Adams et al., 1987). Quantity of 
uterine fluid during the first post-partum 
ovulatory period appeared to be related to 
stage of uterine involution, and was reduced 
or eliminated by delaying the ovulatory 
period with progestins. Progestin treatment 
not only allowed time for elimination of 
uterine fluid before the first post-partum 
ovulation, but it also significantly delayed 
the first post-partum ovulation. Results of 
this study concurred with those of others 
in which it was concluded that progestin 
treatment delayed onset of the first post-
partum ovulatory period, but did not 
affect rate of uterine involution (Loy et al., 
1982;Pope et al., 1979;Sexton and Bristol, 
1985). Long-term progestin administration 
to normal, cycling mares has not been shown 
to adversely affect fertility (Squires et al., 
1983). However, treatment with progestins 
will affect uterine defense mechanisms 
(Evans et al., 1986;Winter, 1982) and thus 
care is recommended before prolonged 
progestin treatment is administered to 
post-partum mares or mares susceptible 
to infection. Since there were decreased 
pregnancy rates associated with uterine 
fluid, and increased pregnancy rates as 
ovulation was delayed, it was suggested 
both techniques could be used to manipulate 
breeding strategies and improve pregnancy 
rates from normal mares bred during the 
first post-partum ovulatory period.

GVEH Breeding approach

1) All mares are examined at day 2-4 
post foaling. By that time if problems 
have occurred during foaling then they 
will be identified. We believe that this 
exam is critical if we are to prevent 
mares become “problem broodmares”. 
Each year we identify mares that if 
inappropriately treated will become 

long term disasters.
2) All mares are treated with an infusion 

of Lactated Ringers Saline with 
antibiotics. We believe that this helps 
only the occasional mare, but more 
importantly we have invaded the mares 
reproductive tract and that need to be 
treated in case we have introduced 
something.

3) Mares looking good are scheduled to 
be re-examined on Day 9-10 post 
foaling. We will not breed mares any 
earlier than Day10. On day 9-10 if the 
mare has ovulated she is scheduled for 
PGF2 administration in 6 days. If she 
looks good (no fluid and uterine tone 
is good) she is scheduled to breed if 
possible. If there is a question then 
she is treated and or re-examined 
according to follicle size and presence 
or absence of uterine fluid.

4) Great care is taken to avoid breeding 
mares with intraluminal fluid 
accumulations.

5) Lastly there are two more rules that we 
adhere to. a) Only breed mares that 
are young and reproductively healthy 
(i.e. <12 YO) and preferably having 
less than three foals and b) Do not 
breed on the foal heat of the mare has 
been boxed and not forcibly lunged.
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Effect of ambient temperature 
and container on temperature 

of extended equine semen
Angus O. McKinnon and Johnnie B. Walker

Introduction

The first use of cooled transported equine 
semen was reported by Douglas-Hamilton 
et al in 1984 They developed and described 
a thermal insulated container that slowly 
cooled semen to ~ 50C and maintained the 
temperature for at least 24 hours. They 
reported that a cooling rate of -0.080C per 
minute was well tolerated by most stallions. 
Later others reported similar results. In the 
intervening period there has been a sustained 
interest in and increasing usage of cooled 
transported semen that has resulted in the 
development and marketing of a variety of 
disposable containers. The introduction of 
new disposable shipment containers has 
not always provided semen in a viable 
condition at delivery. Frustrated clients often 
blame poor motility on poor initial semen 
characteristics, semen extender interactions 
and poor on farm breeding techniques. 
Apparently little information is available as 
to the efficacy of these containers either by 
way of a comparison between containers 
or ability to handle different environmental 
conditions that may be encountered in 
transit.

For equine semen to maintain its viability 
over time it must be cooled slowly. 
Containers that cool semen by transferring 
heat (i.e. to a coolant can) are called 
passive cooling systems. They generally 
remove heat fast at the beginning and 
slowly when the target temperature is closer 
(Figure 1). Active cooling systems1 remove 
heat (usually with electricity) and are 
controlled (Figure 1). Recent experiments 
at Colorado State University have been 
useful in determining the optimum cooling 
rate that can be tolerated by most stallion 
spermatozoa (Graham, 1993). The results 
of these experiments using programmed 
cooling rates over defined temperatures 
have demonstrated that semen can be 
cooled quickly between 370C and 190C 
(0.70C/min) but that between 180C and 

80C the extended semen needs to be cooled 
slowly (0.050C) to avoid cold shock.

The aim of our experiment was to compare 
the effect of volume and temperature on 
temperature of extended equine semen 
that was stored according to manufacturers 
recommendations in a variety of disposable 
containers designed for semen transport.

Materials and methods.

Five containers23456 specifically designed 
for slow cooling of equine semen were 
evaluated with semen prepared according to 
the manufactures recommendations. Semen 
was extended7 at 370C to a concentration 
20 X 106/ml and a total volume of 100 ml, 
or 200 X 106/ml and a total volume of 10 
ml and allowed to equilibrate slowly to room 
temperature (~ 220C) over ~ 15 minutes. 
After the addition of the extended semen 
each container was subjected to one of 
three environmental tempertures: a) Room 
temperature, b) Heated environment (placed 
inside a sealed car in the sun) or 3) Cool 
environment (placed inside a refrigerator). 
Temperature of the extended semen was 
recorded (thermocouple- accurate to ± 
0.050C) without opening or moving the 
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Figure 1. Cooling rates for active (ideal) and passive cooling systems (Equitainer at room temperature).

Materials and methods. 

1 548 MOD-X Semen Cooler, Animal Reproduction Systems, Chino, California.

Figure 1. Cooling rates for active 
(ideal) and passive cooling systems 
(Equitainer at room temperature).
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containers, hourly for the first 12 hours 
and then every three hours for the next 24 
hours. Progressive motility was recorded 
at the beginning and end of replicate. Two 
replicates were performed for each volume 
(10 and 100 ml) for semen stored under 
the three environmental conditions. The 
experiment was performed in February in 
southern Australia.

Results

The environmental temperatures that the 
semen containers were subjected too can 
be visualized in Figure 2. Car temperatures 
exceeded 500C for hours during the hottest 
part of the day, however room temperature 
and the cool room were quite stable.

The temperature responses of stored 
extended semen (100 ml) in each 
individual container subjected to the three 
environmental temperature are recorded in 
Figures 3-7. There were large variations of 
temperature of extended semen according 
to both container type and environmental 
conditions.

Five containers23456 specifically designed for slow cooling of equine semen were evaluated with semen
prepared according to the manufactures recommendations. Semen was extended7 at 370C to a
concentration 20 X 106/ml and a total volume of 100 ml, or 200 X 106/ml and a total volume of 10 ml
and allowed to equilibrate slowly to room temperature (~ 220C) over ~ 15 minutes. After the addition
of the extended semen each container was subjected to one of three environmental tempertures: a) 
Room temperature, b) Heated environment (placed inside a sealed car in the sun) or 3) Cool
environment (placed inside a refrigerator). Temperature of the extended semen was recorded
(thermocouple- accurate to  0.050C) without opening or moving the containers, hourly for the first 12 
hours and then every three hours for the next 24 hours. Progressive motility was recorded at the 
beginning and end of replicate. Two replicates were performed for each volume (10 and 100 ml) for
semen stored under the three environmental conditions. The experiment was performed in February in
southern Australia. 

Results
The environmental temperatures that the semen containers were subjected too can be visualized in 
Figure 2. Car temperatures exceeded 500C for hours during the hottest part of the day, however room 
temperature and the cool room were quite stable. 

Fig 2  Environmental temperature
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Figure 2. Environmental temperatures recorded in the three different locations: a) Room temperature,
b) Heated environment (placed inside a sealed car in the sun) or 3) Cool environment (placed inside a 
refrigerator).

The temperature responses of stored extended semen (100 ml) in each individual container subjected to 
the three environmental temperature are recorded in Figures 3-7. There were large variations of 
temperature of extended semen according to both container type and environmental conditions.

2 Equitainer II, Hamilton Thorn, 30 A Cherry Hill Drive, Danvers, Massachusetts, 01923.  617 777 9050
3 Expecta Foal, 12587 Tomahawk Rd, Parker, Colorado, 80134. 303 840 9055
4 Lane STS, Lane Manufacturing Inc., PO Box 460097, Aurora, Colorado, 80046. 303 745 2603
5 Bio-Flite, Anaheim Hills Equine Products
6 NZ Semen Shipper, The Stallion Station, Knights Road RD 5, Christchurch 8021, New Zealand. 33 479 699
7 CST extender,  Animal Reproduction Systems, Chino, California.

Figure 2. Environmental temperatures 
recorded in the three different 
locations: a) Room temperature, 
b) Heated environment (placed 
inside a sealed car in the sun) or 3) 
Cool environment (placed inside a 
refrigerator).

Fig 3  Equitainer (100 ml)
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Figure 3  Effect of environmental temperature on temperature of extended semen (100 ml) stored in an 
Equitainer.

Fig 4  Expecta Foal (100 ml)
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Figure 4  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
Expecta Foal container. 

Fig 5  Bio-Flite (100 ml)
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Figure 5  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
Bio-Flite container. 
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Figure 4  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
Expecta Foal container. 
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Figure 5  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
Bio-Flite container. 
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Figure 4  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
Expecta Foal container. 
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Figure 5  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
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Fig 6 Lane STS (100ml)
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Figure 6  Effect of environmental temperature on temperature of extended semen (100 ml) stored in
Lane STS container. 

Fig 7  NZ Shipping Container (100 ml)
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Figure 7  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
NZ Semen Shipper. 

Individual responses of each container compared to the others can be visualized from Figures 8-10

Fig 8  Effect of container (room temperature)
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Figure 8  Effect of container on temperature of extended semen (100 ml) stored under different 
environmental conditions (Room temperature).

Figure 6 Effect of environmental 
temperature on temperature of 
extended semen (100 ml) stored in 
Lane STS container.
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Figure 6  Effect of environmental temperature on temperature of extended semen (100 ml) stored in
Lane STS container. 

Fig 7  NZ Shipping Container (100 ml)
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Figure 7  Effect of environmental temperature on temperature of extended semen (100 ml) stored in the 
NZ Semen Shipper. 

Individual responses of each container compared to the others can be visualized from Figures 8-10
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Figure 8  Effect of container on temperature of extended semen (100 ml) stored under different 
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Figure 8 Effect of container on temperature 
of extended semen (100 ml) stored under 
different environmental conditions (Room 
temperature).

Fig 9 Effect of container (Car)
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Figure 9  Effect of container on temperature of extended semen (100 ml) stored under different 
environmental conditions (Car). 

Fig 10  Effect of container (Refrigerator)
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Figure 10 Effect of container on temperature of extended semen (100 ml) stored under different 
environmental conditions (Refrigerator). 
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Fig 13  Effect of volume (Bio-Flite)
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Fig 14  Effect of volume (Lane STS)
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The effect of container, environmental temperature and volume of extended semen on progressive
motility is presented in the Table below.

Car Car Room
T

Room
T

Cold Cold

Motility 100
ml

10
ml

100
ml

10 ml 100
ml

10
ml

Equitainer 57.5 50 52.5 60 55 55
Bio-Flite 45 5 50 50 55 45
Lane STS 37.5 42.5 42.5 40 30 35
Expecta
Foal

25 0 42.5 20 30 35

NZ Semen
Shipper

12.5 0 52.5 35 55 40

Table 1. Effect of storage conditions and containers on progressive motility of equine semen.

Discussion
The results of this experiment suggest that some containers have more uniform cooling rates and 
stability than others and that environmental conditions have an important role in the ability of the 
containers to accurately cool extended semen. If containers are placed in areas such as cargo holds in 
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Figure 15 Effect of extender volume on 
temperature for the NZ Semen Shipper
The effect of container, environmental 
temperature and volume of extended semen 
on progressive motility is presented in the 
Table below.

           Car         Car Room T Room T Cold Cold
Motility          100 ml    10 ml 100 ml 10 ml 100 ml 10 ml
Equitainer          57.5       50  52.5 60 55 55
Bio-Flite          45          5  50 50 55 45
Lane STS          37.5       42.5 42.5 40 30 35
Expecta Foal      25          0  42.5 20 30 35
NZ Semen         12.5       0  52.5 35 55 40
Shipper

Table 1. Effect of storage conditions and containers on 
progressive motility of equine semen.

Discussion

The results of this experiment suggest that 
some containers have more uniform cooling 
rates and stability than others and that 
environmental conditions have an important 
role in the ability of the containers to 
accurately cool extended semen. If 
containers are placed in areas such as cargo 
holds in buses they may become warm 
and conversely they may become cold in 
cargo holds of planes (McKinnon, 1996). 
The interplay of outside temperature and 
cooling container has enormous impact on 
the semen cooling rates and thus motility.

None of the containers performed well in the 
hot conditions. There was a wide variation 
from the ideal cooling rate with most 
containers, however with the exception of 
the Expecta Foal most performed well at 
room temperature for 20-24 hours.

This experiment suggests that larger 
volumes appear to be less susceptible to 
variations in outside temperature and in 
higher temperatures large volumes tended 
to heat slower, reach lower maximum 
temperatures, cool quicker and maintain 
better progressive motility than small 
volumes.
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Reproductive Efficiency of 
horses in Australia

AO McKinnon

Introduction.

What is a feasible outcome of yearly breeding 
of horses? Is it reasonable to expect a foal 
very year?

To answer those questions we need to 
look at some historical perspectives of 
breeding efficiency and some physiological 
parameters of horses.

Firstly, horses have adapted over millions 
and millions of years to create a reproductive 
pattern that ensures their survival in the 
wild. We have then domesticated them 
and imposed our own constraints on their 
breeding performance. We artificially impose 
the time of the breeding season wherein 
most Thoroughbred farms have stopped 
breeding at the time of summer solstice 
(Dec 21 in the Southern Hemisphere) which 
happens to be the time that the highest % 
of mares are cycling (Osborne, 1966). We 
have no or very little selection pressure on 
fertility; rather primarily it is the horses’ 
performance that dictates the breeding 
pressures. As well, the high economic value 
of many horses dictates breeding with 
older animals that may have accumulated 
a variety of negative influences on breeding 
potential.

Secondly, the horses gestation is ~340 days. 
This only gives us the ability to maintain a 
yearly inter-foaling when mares are back in 
foal with a successful breeding occurring no 
later than 25 days after foaling. If mares are 
not bred on the foal heat, then there 
is only one opportunity to maintain 
a yearly inter-foaling interval. If the 
mares’ gestation was ~280 days as 
with most breeds of cattle, then there 
would be plenty of time to breed her 
and maintain a yearly inter-foaling 
interval. Sheep have a gestation of 
~148 days, so there is even a chance 
for two pregnancies per year in those 
breeds that cycle all year round (but 
who do you know that can produce 
lambs twice a year?). It would be a 
much easier decision of whether or 
not to try and maintain a yearly inter-

foaling interval of one year if the gestation 
of a horse was the same as a Rhinoceros 
(540 days), Giraffe (440 days) or Elephant 
(22 months).

What then should we be aiming at with 
regard to annual foaling percentages? Hans 
Merkt and colleagues made an interesting 
observation on records from German 
Hanoverian horses over a 158-year period. 
‘An evaluation of the foaling rate achieved in 
the Hanoverian breed in Germany between 
1815 and 1973 showed that during this 
period no improvement of the reproductive 
rate was achieved. The decennial foaling 
percentage remained within 50-60% 
except for those decades which included 
the two World Wars and their aftermaths. 
The annual foaling percentage remained 
maximal until the number of mares covered/
stallion rose above 80 and it also remained 
high throughout the reproductive life of 
the stallion. Only in the oldest stallion (32 
years) was there a significant lowering of 
fertility’ (Merkt et al., 1979).

A more recent report suggested that 
breeding efficiency had improved in the UK 
(Ricketts and Young, 1990). They reported 
seasonal pregnancy rates of 63% in 1971 
and 72% in 1989. The live foaling rates 
were 54% and 66% respectively. This 
improvement in number of mares pregnant 
and number of foals born corresponds 
nicely to the gradual increase in research 
interest and establishment of a number 
of laboratories devoted entirely to the 

laboratories devoted entirely to the study of equine reproduction. However a survey of
well (intensively) managed Thoroughbred farms around Newmarket (Morris and Allen, 
2002) suggested that the main improvement in efficiency on those farms was an 
improvement in the number of mares that did not loose their pregnancy compared to a 
previous study by one of the authours (Sanderson and Allen, 1987). The number of 
mares foaling was 82.7% in 1998 and 77% in 1983. 

Presented to the left is some
interesting information from our 
Thoroughbred breeding data (The 
Australian Stud Book C/O Dr. John 
Digby).
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Figure 1: The number of stallions breeding more than 5 mares in a season. 

When we look at the number of 
mares versus stallions (at left) we 
can see that both mare and stallion 
numbers dropped off quickly from
the heights of the mid 1980’s 
however the mare numbers seem to 
have stabilised somewhat.
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Figure 2. The number of mares (at back) versus the number of stallions (not the same
scale).
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available mares per stallion we can 
see that is steadily rising. A figure 
that ultimately should put pressure
on breeding efficiency. 
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laboratories devoted entirely to the study of equine reproduction. However a survey of
well (intensively) managed Thoroughbred farms around Newmarket (Morris and Allen, 
2002) suggested that the main improvement in efficiency on those farms was an 
improvement in the number of mares that did not loose their pregnancy compared to a 
previous study by one of the authours (Sanderson and Allen, 1987). The number of 
mares foaling was 82.7% in 1998 and 77% in 1983. 
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When we look at the number of mares 
versus stallions (at left) we can see that 
both mare and stallion numbers dropped off 
quickly from the heights of the mid 1980’s 
however the mare numbers seem to have 
stabilised somewhat.

When we compare the number of available 
mares per stallion we can see that is steadily 
rising. A figure that ultimately should put 
pressure on breeding efficiency.

Perhaps the most interesting statistic to 
be noted was the live foal per mare bred 
percentages (at left). Back in 1981 we 
were only recording around 40% live foals 
per mare covered. That figure was almost 
76% by the end of 2000. Apart from the 
afore mentioned UK experiences it would 
stand to reason that the improvement in 
fertilty could be related to a multi-factorial 
influence. Firstly, the value of the individual 
has risen dramatically and coupled with that 
has been an information explosion, together 

with an improvement in our equipment 
to manage reproductive processes. This 
increased understanding has been passed 
on to all levels of farm management. The 
net result has been a stabilising in the 
numbers of foals born despite still steadily 
falling mare numbers.

However, there are some other issues 
that should be examined. Firstly, does the 
Thoroughbred breeding record presented 
above reflect the other breed associations 
and secondly, is the live foal rate consistent 
between farms or is it affected by 
management?

Before looking at those issues in depth 
we should try to standardize our terms of 
reference.

Is the number of foals born an accurate 
estimate of the real fertility of a breed of 
horse? Probably not we think. The most 
accurate estimate of a stallions’ fertility 
data is the number of mares pregnant each 
cycle. At the end of the season the number 
of mares pregnant may reflect the number 
of cycles that the stallion had an opportunity 
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Figure 2. The number of mares (at back) versus the 
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mare numbers.
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However, there are some other issues that should be examined. Firstly, does the 
Thoroughbred breeding record presented above reflect the other breed associations and 
secondly, is the live foal rate consistent between farms or is it affected by management?
Before looking at those issues in depth we should try to standardize our terms of 
reference.
Is the number of foals born an accurate estimate of the real fertility of a breed of horse? 
Probably not we think. The most accurate estimate of a stallions’ fertility data is the 
number of mares pregnant each cycle. At the end of the season the number of mares
pregnant may reflect the number of cycles that the stallion had an opportunity to breed 
rather than the true fertility. For instance, if one farm has a 75 % pregnancy rate per 
cycle then after two cycles for each mare (eliminating mares pregnant), 93% of mares
are pregnant. If you have another farm that has a pregnancy rate per cycle of only 40%, 
then they can achieve a 93% pregnancy rate after 5 cycles. The difference is huge in 
relation to agistment and veterinary costs, not to mention lost opportunity costs because
the foals are born so much later. This later discussion may in part explain the English 
report that quotes Weatherbys general Stud Book as reporting the percentage of live 
foals to be 79% in 1998 compared to our Stud Book records that officially list 
percentage of foaling mares as 74% in 1998 and 76% in 1999 and the year 2000. The 
more recent English report (Morris and Allen, 2002) list almost 20% of breedings after 
the first 3.5 months of the breeding season. Our experiences would indicate that in 
Victoria and NSW not many mares are bred in December (the fourth month). The 

Figure 3. The number of available 
mares per stallion
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to breed rather than the true fertility. For 
instance, if one farm has a 75 % pregnancy 
rate per cycle then after two cycles for 
each mare (eliminating mares pregnant), 
93% of mares are pregnant. If you have 
another farm that has a pregnancy rate per 
cycle of only 40%, then they can achieve 
a 93% pregnancy rate after 5 cycles. The 
difference is huge in relation to agistment 
and veterinary costs, not to mention lost 
opportunity costs because the foals are born 
so much later. This later discussion may in 
part explain the English report that quotes 
Weatherbys general Stud Book as reporting 
the percentage of live foals to be 79% in 
1998 compared to our Stud Book records 
that officially list percentage of foaling 
mares as 74% in 1998 and 76% in 1999 
and the year 2000. 

The more recent English report (Morris and 
Allen, 2002) list almost 20% of breedings 
after the first 3.5 months of the breeding 
season. Our experiences would indicate 
that in Victoria and NSW not many mares 
are bred in December (the fourth month). 
The average pregnancy per cycle in the UK 
study was 60%, which is lower than the 
70.4% reported for intensively managed 
Thoroughbred studs in Australia (McKinnon, 
1998) and then again as 71% in 2008 

(Fennell et al., 2008). Interestingly the 
same authors reported a pregnancy rate 
for Standardbreds bred by AI of 62% in 
1998 (McKinnon, 1998) and 68.3% in 2008 
(Fennell et al., 2008).

The goal of any breeding farm should be 
to get mares in foal as soon as possible 
whilst maintaining their ability to deliver 
a live foal. There is little point in having a 
mare become pregnant if she has a high 
probability of loosing it. If we examine 
breeding efficiency (not necessarily the 
same as fertility) it could probably be better 
defined as % of foals born per service or per 
cycle bred. Well-managed Thoroughbred 
breeding farms will maintain foaling % of 
around 70% per covering. Despite all the 
figures and preceding discussion the goal of 
most breeding farms is actually to maximise 
the number of foals born. Just because the 
efficiency figures look good does not imply 
that the return from the farm is maximal. It 
stands to reason that the farm has the same 
result financially when a foaling percentage 
of 70% is obtained with 60 mares occurs 
versus a foaling percentage of 60% for 70 
mares, when the service fees are identical. 
So the goals may be defined from the point 
of farm management as ‘obtaining the 
highest number of live foals’.

Parameter  Thoroughbred     Values     Standardbred   Values

Mare numbers  1833            1330 
Cycle numbers  2436                        2086
Single pregnancies:  1471            1248
Twin pregnancies:  236            46
Twins per cycle:  236/2436         9.7 %       46/2086         2.2 %
Twins per pregnancy 236/1716         13.8 %     46/1294         3.5 %
Triplet pregnancies: 6                  0.35 %     0
Quadruplet  3            0
Total mares pregnant 
at 15 days  1716/1833       93.6 %     1294/1330     97.3 %
Total mares pregnant 
at 45 days  1590/1833       86.7 %     1179/1330     88.6 %
Fertility per cycle:  1716/2436       70.4 %     1294/2086     62.0 %
Cycles per pregnancy: 2436/1716       1.42         2086/1294     1.61
Services per cycle  2536/2436       1.04         4680/2118     2.21

Table 1:
Fertility statistics:

Parameter  Thoroughbred     Values     Standardbred   Values

Twins (multiple) 
present at ~15 days 245/1716          14.3 %    46/1294          3.5 %
Loss to 25 days  10            4.0 %      8       17.4%
Loss between 25 
and 45 days  8            3.5 %      3       7.9%
Total EED 
(15-45 days)  126/1716           7.3 %       115/1294       8.9%
EED (15-25 days)  63            3.7 %        86       7.1 %
EED (26-30 days)  34            2.1 %        18       1.5 %
EED (31-45 days)  29            1.8%         11        0.9%

Table 2:
Twins and Early Embryonic Death (EED)
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In 1999 RIRDC funded a study on the 
breeding efficiency of horses in Australia.

Some specific factors that effect breeding 
efficiency have been recorded. Where possible 
we have tried to contrast the differences 
according to breed (Thoroughbred (TB) 
versus Standardbred (SB)).

There are many more records that need 
to be examined and currently some of the 
results of the larger study are available in 
the BEVA proceedings from 2008 (Fennell 
et al., 2008).

Numbers of mares examined.

The database we have chosen to work with 
for this presentation has 1833 TB mares 
and 1330 Standardbred mares. The number 
of cycles examined was 2436 and 2086 
respectively. All Thoroughbred mares were 
bred by natural service and all Standardbred 
mares by artificial insemination (AI). The 
data was retrieved from the years 1994-5.
Some summary data is listed below.

Conclusions from this data:

Fertility statistics:

Pregnancy rate per cycle:
The higher pregnancy rate per cycle in 
the TB population compared to the SB 
(70.4 % versus 62.0 % P < 0.0001) was 
not expected but likely reflects economics 
rather than the population of mares. The 
differences become even clearer when 
examining the average services per cycle, 
which was 1.04 for the TB population (on 
average four mares got re-bred from every 
100 cycles) and 2.21 for the SB. Interesting 
enough, the SB seasonal pregnancy rate 
(number pregnant at 45 days) was slightly 
higher (88.6%) than the corresponding TB 
figure (86.7%).

Although not examined at this time, we 
have long identified SB breeders as having 
less regard for time of foaling than the 
TB breeder. Possible reasons for this are 
1) The SB breeder is more likely to retain 
the offspring to train themselves and thus 
not as concerned as to time of foaling 2) 
Most TB breeding farms stop breeding by 
Christmas (< 4 month breeding season), 
whereas SB farms continue to breed on well 
into February and even March and 3) SB 
farms are less likely to involve veterinarians 

in routine breeding farm management, due 
primarily to economics. This is the reason 
that the average service per cycle for TB 
mares is 1.04 versus 2.21 for SB. So SB 
mares are bred multiply and can have 
increased chances for intrauterine infections 
and are more likely to be bred at inopportune 
times such as post ovulation, especially if 
teasing isn’t integral to management. In 
addition to the above, the staff levels tend 
to be much higher per number of horses on 
TB farms than the SB.

The fact that we have shown the SB 
seasonal pregnancy rates are identical to 
the TB (despite a significant difference in 
fertility per cycle), clearly illustrates that 
they breed longer into the breeding season. 
The SB regulatory authorities should also be 
congratulated on delaying the date of first 
breeding (~October 1st to coincide with an 
official first foaling date of September 1st - 
exactly one month behind the TB breeders) 
and clearly helpful in utilising the effect on 
increasing cyclicity from increasing daylight 
and warmth).

Twins and EED

Many more twins were identified both per 
cycle and per pregnancy (9.7% and 13.8%) 
for TB compared to the SB (2.2% and 
3.5%) respectively (P <0.001) at the (~) 
day 15 pregnancy test. These differences 
between breeds have been reported before 
(Ginther, 1992) and relate mostly to the 
frequency of ovulations between breeds. 
Especially interesting was the outcome of 
twin pregnancies. The reduction of the 
twins to singletons (success of veterinary 
intervention, i.e. to crush one) was high 
in the TB population, as only 10 of 245 
twins (4.0%) were not detected as single 
pregnancies at day 25. During the same 
period 8 of 46 SB twin pregnancies were both 
lost (17.4%), which is significantly more 
(P<0.006). We believe that this difference 
is related to fundamental management 
practices on breeding farms. Because the 
incidence of twins is recognised as low on SB 
farms, in general the first pregnancy test is 
delayed until the mare should have returned 
to oestrous. This delay until day 17-20 often 
interferes with our ability to manipulate 
twins apart for a successful crush as fixation 
(the beginning of implantation) has occurred 
and twins together can be difficult to move 
part for crushing (McKinnon and Rantanen, 
1998).
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The incidence of EED was similar between 
mare populations with more (P< 0.01) 
pregnancies being lost in the SB group 
(7.1%) between day 15-25 than the TB 
group (3.7%). It is interesting to speculate 
as to the differences being due to a difference 
in the number of mares with post breeding 
uterine inflammation as a result of less 
examination and treatments.

Foal heat breeding

In general we try to avoid foal heat breeding 
as there are reduced pregnancy rates per 
cycle (McKinnon et al., 1988) and an increase 
in the amount of EED in those mares 
that do become pregnant (Loy, 1980). 
Management can play a part in increasing 
foal heat fertility (McKinnon et al., 1988). 

In this study the fertility of the foal heat 
mares in the TB group was not different to 
the total population of TB (64.5% versus 
70.6%, P<0.3). However pregnancy per 
cycle was reduced for the SB group and 
the summation of both groups revealed a 
significant lowering of fertility in foal heat 
bred mares (165/307, 53.7% compared to 
2845/4205, 67.7% P <0.0001). However 
there was no increase in EED for the 
summed data of both breeds. For mares 
bred on foal heat the losses by day 45 were 
similar (17/165, 10.3%) compared to all 
other heat cycles for both breeds 224/2845 
(7.9%) (P<.23).

Induction of ovulation

A greater percentage of mares had ovulation 

Parameter Thoroughbred    Values    Standardbred Values

Mares bred on 
foal heat 62         245
Mares pregnant 
at 15 days 40 64.5 %   125  51.0 %
Loss between 
15 and 45 days    7     17.5 %   10  8.0 %

Table 3:Foal Heat

Drug Number of mares % Pregnant/cycle % Twins/pregnancy
Ovuplant 204  72.0 % (147/204) 19.7 % (29/147)
hCG 1447  72.0 % (1042/1447) 14.8 % (154/1042)
No drugs 817  64.5 % (527/817) 11.8 % (62/527)

Table 4:  Ovulation induction: 
Thoroughbred

Drug Number of mares % pregnant/cycle % Twins/pregnancy

Ovuplant  2  50 %
hCG  191  63.4% (121/191) 4.1 % (5/121)
No drugs 1896  61.8% (1172/1896) 3.5 % (41/1172)

Ovulation induction: Standardbred

    No. pregnant/No  EED (%)
    detected (%) 

Intraluminal fluid pre service 271/388 (69.9 %) 24/271 (8.9%)
Intraluminal fluid post service 114/222 (51.4%) 10/114 (8.8 %)
Single treatment pre service 266/358 (74.3 %) 24/266 (9.0 %)
More than one treatment pre 134/185 (72.4%) 11/134 (8.2 %)
Single treatment post service 291/381 (76.4 %) 19/291 (6.5 %)
More than one treatment post 393/578 (68.0 %) 33/393 (8.4 %)

Table 5:  Effect of fluid and treatment on pregnancy 
data and EED:
Thoroughbred

  No. pregnant/No  EED (%)
  detected (%)

Intraluminal fluid pre service 88/186 (47.3 %) 10/88 (11.4%)
Intraluminal fluid post service 97/234 (41.6%) 10/97 (10.3 %)
Single treatment pre service 53/99 (53.5 %) 4/53 (7.5 %)
More than one treatment pre 3/9 (33.3 %) 0
Single treatment post service 129/252 (51.2%) 13/129 (10.1 %)
More than one treatment post 11/36 (30.6%) 2/11 (18.2 %)

Effect of fluid and treatment on pregnancy data and 
EED:
Standardbred
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induced by either hCG or Ovuplant in TB 
mares (1651/2468, 66.9%) compared to 
the SB population (193/2089, 9.2%). An 
interesting observation was a slight increase 
(P<0.012) in the number of TB mares 
with twins (per pregnancy) detected when 
treated with Ovuplant (29/147, 19.7%) 
versus no treatment (62/527, 11.8%).

The low number of mares treated with 
Ovuplant was only because the drug was 
not commercially available at that time 
(1994-5) and we were doing some trial 
work for the company. Data collected over 
the last few years has indicated closer to 
50% of mare cycles are associated with 
Ovuplant administration. The low number of 
Standardbred mares treated with ovulation 
induction drugs reflects the economics of 
breeding as well as the reduced necessity to 
use them with AI programs.
Another interesting finding was the 
increased fertility (P< 0.0001) (pregnancy 
rate per cycle) of TB mares with induction 
of ovulation (1189/1651, 72.0%) versus not 
treated (527/817, 64.5%).

Effect of intraluminal fluid and or 
treatment on fertility.

As previously reported (Adams et al., 
1987;McKinnon et al., 1987) intrauterine 
fluid post ovulation can have a negative 
effect on pregnancy results. In the current 
study fluid post service significantly effected 
(P<0.0001) pregnancy in TB mares (114/222, 
51.4%) compared to non-detection of 
intrauterine fluid (1602/2216, 72.3%). The 
same was true for the SB mares (97/234, 
41.6% compared to 1197/1852, 64.6%, P< 
0.0001).

In the TB population treatments pre service 
or a single treatment post service was 
associated with normal pregnancy rates, 
however more than one treatment post 
service was associated with a reduction 
(not significant P<0.15) in pregnancy rates 
(465/681, 68.3% compared 1251/1755, 
71.3%).

Factors affecting breeding 
efficiency

Decreased time to conception

For mares entering breeding farms, the time 
to the first breeding has a big impact on 
when mares will foal. Early foals consistently 

occur from early breeding. Many mares are 
not cycling naturally at the time of year 
when we wish them to become pregnant 
(early September), this is especially true in 
the southern latitudes.

How can we get mares to cycle 
earlier?

1) Provide an increased amount of 
light beginning around 60-90 days before 
the first anticipated breed. 16 hours per 
day is necessary. French workers have 
determined the amount of light is not as 
important as previously thought. Another 
interesting finding from the same people 
was that the light regime does not have to 
continue for the whole 90 days. It is just 
as beneficial to start the program and then 
stop the lights after 35 days. Beware!!!, 
this does not mean that the lights can be 
started late. All light does is send signals 
to the brain (through a negative melatonin 
feedback). If the program starts late the 
mares will cycle late. Another commonly 
forgotten part of the early cycling equation 
is warmth and nutrition. Mares not fed well 
or stressed will not cycle as early as well fed 
and non-stressed mares. This may mean 
that providing light in large paddocks where 
mares are fed together is not as useful as 
previously thought.

2) Drugs.
Stimulatory drugs. These drugs start mares 
cycling when they do not appear to have 
real ovarian activity. There is lots of new 
information coming through on these types 
of drugs and unfortunately some of it is not as 
conclusive as previously thought. Currently 
it appears that Dopamine antagonists 
(Domperidone and Sulpiride) hold the most 
promise in shifting the balance on ovarian 
activity.

Ovulatory drugs. Drugs that consistently 
ovulate follicles that previously were 
thought to be too immature to respond are 
now being used clinically. Goulburn Valley 
Equine Hospital, was first to report of the 
use on Ovuplant in treating mares to have 
them cycle early at a predetermined time. 
Breeding farms that have used Ovuplant 
for forcing mares to cycle can attest to its 
success, but many forget that the mare has 
to be close to ovulating anyway and we 
are merely advancing her time of the first 
ovulation in a controlled manner. This drug 
will not work when mares have little ovarian 
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activity.

Increase pregnancy rate per cycle

Decreasing the number of breeds per cycle
Decreasing number of breeds per cycle 
provides less contamination of the 
reproductive tract and prevents depletion 
of sperm numbers from the stallion. Our 
recommended breeding objectives are a 
breed per cycle figure of 1.05. In this 
scenario every 100-mare cycles would 
account for 105 breeds. This has important 
ramifications for management. To achieve 
this objective, mares need to be managed 
intensively. When a suitable sized follicle is 
detected then a drug to induce ovulation is 
administered. Ovulation must be confirmed 
at 24 or 48 hr after breeding because some 
stallions do not have sperm that lasts well 
in the reproductive tract.

It has only been readily accepted by breeding 
farms relatively recently that this practice 
will decrease labour and increase pregnancy 
rates per cycle and it has become absolutely 
paramount for management of breeding 
stallions with large books (>100 mares) 
or restricted services such as some shuttle 
stallions.

One of the most useful drugs for controlling 
ovulation time and thus keeping the number 
of breeds per cycle down to ~1.05 is 
Ovuplant.

Management of mare cycles

There is no doubt the single biggest factor in 
improved breeding efficiency has been the 
introduction of ultrasonography. This has 
made veterinary involvement mandatory on 
large breeding farms and has dramatically 
improved all our knowledge of the mares 
cycle and overall fertility, not to mention 
improvement in the management of twins. 
Equine reproductive management can now 
be practiced as a science instead of an art.

Few people predicted the impact that 
ultrasonography would have on equine 
reproductive management and understanding 
of reproductive physiology. The ability to 
examine a mare’s reproductive tract non-
invasively with ultrasonography provided the 
opportunity to diagnose pregnancy earlier 
than by rectal palpation, effectively manage 
twins and detect impending early embryonic 
death (EED). However, ultrasonography 

should not be limited to these areas. It can 
be used to diagnose uterine pathology, such 
as intrauterine fluid, air, debris, cysts and 
occasionally abscessation and neoplasia. In 
addition, ultrasonographic examination of 
the ovaries may aid in determining stage 
of oestrous cycle, status of preovulatory 
follicles, development and morphologic 
assessment of the corpus luteum (CL) and 
in interpreting ovarian irregularities, such 
as anovulatory or haemorrhagic follicles, 
neoplasia and peri-ovarian cysts. The 
costs of equipment initially resulted in a 
rather limited application of reproductive 
ultrasonography. Clients enthusiastically 
support use of ultrasonography to detect 
pregnancy. However, the same fee schedules 
for routine examination before and/or after 
breeding are not as easily accepted. An 
approach that allows us to scan multiply 
while still keeping clients and farm managers 
happy is something all of us strive to 
organise each year. 

A more logical and thus practical approach 
to diagnosis and treatment of physiological 
and anatomical abnormalities of the mare’s 
reproductive tract would be forthcoming if 
we can continue to develop a means to use 
the equipment more routinely. In addition, 
valuable information would be available from 
correlation of fertility data with normal and 
abnormal ultrasonographic observations. 
Regardless, informed clientele prefer routine 
ultrasonography and its use results in a more 
interactive approach to farm management 
with an increased awareness of the events 
associated with breeding, ovulation and 
early foetal development.

Stallion fertility and management

The stallion is forgotten in the fertility 
equation despite being responsible for half 
of the probability outcome in each breeding. 
If a group of matings results in an outcome 
of 80 % of mares becoming pregnant per 
cycle then the mare and stallion fertility 
contributions are most likely 0.9 and 0.9. 
When the fertility of stallion drops then the 
outcome is affected. If his fertility is halved 
then only 40% of mares will go in foal 
per cycle. However because people have 
the mistaken belief that there is nothing 
we do to influence stallion fertility, they 
ignore his contribution. It is disappointing 
to recognise that within Australia, only a few 
people are adequately trained to evaluate 
stallion fertility parameters. Perhaps that is 
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another reason why the stallion is too often 
forgotten.

Management has a huge impact on fertility. 
Well-managed farms have good pregnancy 
and foaling rates. However, when pregnancy 
rates per cycle on the same farm are 
compared between stallions quite often there 
are major differences in the figures. In those 
cases, providing the percentages of mares 
in the barren, maiden and foaling groups 
are similar; the stallion is demonstrating his 
“inherent” fertility. That is something he is 
born with. I am sure many of us have seen 
the stallion that just seems to have to sniff 
his mares and they go pregnant. Compare 
him with the stallion that takes two, three or 
even four cycles to get mares pregnant. 

They can end up with the same number 
or percentage of mares pregnant at the 
end of the breeding season, but it is a 
lot more work with the less fertile stallion 
and his progeny may have an average 
foaling date that is later than acceptable 
for commercial foal sales. Nobody knows 
what the real differences in fertility are 
caused by. However, quite frequently we 
see a difference in the characteristics of 
progressive motility and good tense sperm 
producing testicles between the stallions. 
Despite this, there are sometimes no obvious 
differences and the only explanation is that 
one stallion is able to produce more fertile 
sperm than another.

Mare fertility and management

Infectious fertility.

Ability to recognise that some mares 
have poor clearance of uterine fluids was 
proposed many, many years ago, however 
only recently has a technique been able to 
measure the lack of evacuation of uterine 
contents from some mares. This technique 
from Florida has resulted in the knowledge 
that some treatments are extremely useful 
such as oxytocin and certain forms of 
prostaglandin. In general ultrasonography 
tells us how bad the fluid is (usually 
infection) and also how to treat it. I.e. treat 
locally with antibiotics or treat with agents 
to evacuate the fluid from the uterus or a 
combination.

Foal Heat breeding.

Many of our clients wish to breed mares 

on foal heat. The reasons are generally 
obvious. The gestation of the mare averages 
340 days. However some are longer. Most 
of us involved with commercial breeding 
farms recognise a financial penalty for foals 
born later than the normal accepted times. 
Without breeding at foal heat it may be hard 
to maintain a foaling interval of 365 days in 
some cases. In addition clients with brood 
mares on farms sometimes are paying 
high agistment costs and place pressure 
on managers to get their mares pregnant 
and send them home as soon as possible. 
Sometimes farm mangers cannot resist the 
temptation to breed at foal heat despite the 
potential problems, just because the mare 
is showing heat and their knowledge that 
foal heat mares ovulate quite quickly.

Put simply the positive aspects of foal heat 
breeding is a decrease of the inter-foaling 
interval and all the attendant benefits. The 
negative aspect that many fail to recognise 
is the increase in early embryonic death. 
The interplay of these opposing outcomes 
should be factored into any decision-making 
analysis.

GVEH Breeding approach

1. All mares are examined at day 2-4 
post foaling. By that time if problems 
have occurred during foaling then they 
will be identified. We believe that this 
exam is critical if we are to prevent 
mares become “problem broodmares”. 
Each year we identify mares that if 
inappropriately treated will become 
long-term disasters.

2. All mares are treated with an infusion 
of Lactated Ringers Saline with 
antibiotics. We believe that this helps 
only the occasional mare, but more 
importantly we have invaded the 
mares’ reproductive tract and that may 
need to be treated in case we have 
introduced something.

3. Mares looking good are scheduled to 
be re-examined on Day 9-10 post 
foaling. We will not breed mares any 
earlier than Day10. On day 9-10 if the 
mare has ovulated she is scheduled for 
PGF2 administration in 6 days. If she 
looks good (no fluid and uterine tone 
is good) she is scheduled to breed if 
possible. If there is a question then 
she is treated and or re-examined 
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according to follicle size and presence 
or absence of uterine fluid.

4. Great care is taken to avoid breeding 
mares with intraluminal fluid 
accumulations.

Lastly there are two more rules that we 
adhere to. a) Only breed mares that are 
young and reproductively healthy (i.e. <12 
YO), preferably after having less than three 
foals and b) Do not breed on the foal heat 
if the mare has been boxed and not forcibly 
lunged.Lastly, old mares that are bred on 
foal heat and become pregnant have such 
a high rate of early embryonic death or 
abortion we strongly recommend against 
the practice.

Decrease pregnancy losses

Pregnancy losses can broadly be divided 
into early embryonic death (EED) (< day 45 
of gestation) and abortion.

There are well-documented probabilities 
of foetal loss for different time periods of 
pregnancy. The recognition that these losses 
have repeatable frequencies reported in 
different studies should point to a common 
denominator that is present in multiple 
populations of mares.My view is that 
management is the most important factor 
affecting the well being of horses. I would 
go one step further and say, “all disease is 
caused by management”. This is of course 
a dramatic statement but many times true 
if you ponder the myriad of diseases seen 
on stud farms. In particular, overcrowding, 
concentration of disease and the handling 
of horses in systems designed for efficiency 
rather than safety are all factors in breeding 
wastage. Below are figures on the number 
of mares bred and the resultant number of 
foals born. Clearly the fertility of horses is 
quite low when compared to other species. 
However there is an encouraging trend in 
the overall fertility.

Why are these figures so low? To start 
with there is no selection for fertility at all. 
We are selecting for performance (mostly 
through economics) and the conformation 
associated with good performance seems 
to favour a long sloping vagina, which is 
definitely a poor conformation for breeding. 
Can we defend the lack of selection for 
fertility? Most think so, as surely our aim 
is to produce the ultimate athlete rather 
than a series of fertile but slow or similarly 
performing animals. Given the lack of 
selection for fertility it seems difficult to 
defend the ban on AI on technological 
grounds. A restriction on the number of 
mares bred and their overall fertility makes 
sense on commercial grounds and is more 
than likely driving the current sentiments on 
retaining a ban on AI. 

Why the difference in Thoroughbred versus 
Standardbred fertility? The Standardbreds 
used artificial insemination (AI) and that 
should have the helped the pregnancy rate. 
When we looked at the number of cycles 
and the time of breeding cessation we found 
that Standardbred breeders bred longer 
and for more cycles and thus the overall 
fertility was not different. The reason for 
the differences in pregnancy rate per cycle 
became more apparent when we examined 
the number of veterinary examinations per 
mare. Significantly more examinations were 
performed in Thoroughbred mares versus 
Standardbred mares. Why? Economics!!! 
Many of the Standardbred mares were bred 
on multiple occasions per cycle and probably 
with little or no relation to ovulation, but 
certainly with no data on fluid accumulation 
in the uterus (infection) that could only be 
obtained with ultrasonography. 

The Standardbred mares had a much higher 
percentage of non-cycling mares, which was 
actually due to failure to identify teasing 
mares rather than not cycling. Mostly, 
the lack of veterinary management was 
false economics because at the end of the 
season there were fewer mares in foal and 
the dates of conception were much later in 
the Standardbreds.My point in the previous 
discussion is that it is the improvement in 
management (both veterinary and farm) 
that results in more mares in foal at the 
end of the season, but that because there 
are no selection procedures for fertility 
perhaps we are getting mares in foal that 
normally would not have. In this scenario 
there are mares with uterine abnormalities 

4) Great care is taken to avoid breeding mares with intraluminal fluid accumulations. 
Lastly there are two more rules that we adhere to. a) Only breed mares that are young 
and reproductively healthy (i.e. <12 YO), preferably after having less than three foals
and b) Do not breed on the foal heat if the mare has been boxed and not forcibly 
lunged.
Lastly, old mares that are bred on foal heat and become pregnant have such a high rate 
of early embryonic death or abortion we strongly recommend against the practice. 

Decrease pregnancy losses 
Pregnancy losses can broadly be divided into early embryonic death (EED) (< day 45 
of gestation) and abortion. 
There are well-documented probabilities of foetal loss for different time periods of
pregnancy. The recognition that these losses have repeatable frequencies reported in 
different studies should point to a common denominator that is present in multiple
populations of mares.
My view is that management is the most important factor affecting the well being of 
horses. I would go one step further and say, “all disease is caused by management”.
This is of course a dramatic statement but many times true if you ponder the myriad of 
diseases seen on stud farms. In particular, overcrowding, concentration of disease and 
the handling of horses in systems designed for efficiency rather than safety are all 
factors in breeding wastage. 
Below are figures on the number of mares bred and the resultant number of foals born. 
Clearly the fertility of horses is quite low when compared to other species. However 
there is an encouraging trend in the overall fertility.

Fertility of mares bred in 
Australia (1992-1996). 

Why are these figures so low? To
start with there is no selection for
fertility at all. We are selecting
for performance (mostly through 

economics) and the conformation associated with good performance seems to favour a 
long sloping vagina, which is definitely a poor conformation for breeding. Can we 
defend the lack of selection for fertility? Most think so, as surely our aim is to produce 
the ultimate athlete rather than a series of fertile but slow or similarly performing
animals. Given the lack of selection for fertility it seems difficult to defend the ban on
AI on technological grounds. A restriction on the number of mares bred and their 
overall fertility makes sense on commercial grounds and is more than likely driving the 
current sentiments on retaining a ban on AI. Why the difference in Thoroughbred 
versus Standardbred fertility? The Standardbreds used artificial insemination (AI) and 
that should have the helped the pregnancy rate. When we looked at the number of 
cycles and the time of breeding cessation we found that Standardbred breeders bred 
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that need treatment and that with therapy 
they become pregnant and then later have 
problems, as they were unable to sustain the 
good uterine environment that is necessary 
to maintain pregnancy. A classic example of 
this is the older mare bred on foal heat. As 
many as 35% of mares over 15 years of age 
can be expected to loss their pregnancy by 
45 days (after being positively diagnosed as 
pregnant on day 15).

We are pushing these mares and they are 
not always standing up to the pressure.In 
the early 1990’s we reviewed the veterinary 
literature on pregnancy loss and found that 
most losses were associated with infection 
and that most were bacterial in origin. 
Many people are aware that infectious viral 
abortion caused by a Herpes virus can 
cause devastating outbreaks of abortion in 
intensively managed horses (management 
again), yet this is insignificant as a cause 
of wastage compared to the losses of 
early embryonic death and routine abortion 
losses. Another interesting observation we 
noted was that most mares undergoing 
early embryonic death had uterine fluid 
(inflammation) present when they returned 
to heat (yet it wasn’t present when losses 
were first diagnosed) and the cells types 
in the uterus demonstrated by biopsy 
were of the chronic inflammatory type 
(lymphocytes). 

These findings led us to believe that probably 
the most important cause of pregnancy losses 
was associated with uterine inflammation/
infection and that the reason theses mares 
were susceptible was related to our pushing 
them to maintain an inter-foaling interval 
of one year. In other words we are pushing 
mares too hard to get pregnant early.

It was these philosophies that led us to the 
thoughts on antibiotics during pregnancy that 
are outlined below.We decided to perform a 
study and treat potential cases of chronic 
uterine infection with antibiotics, monthly, 
during all of the pregnancy. Because not 
all EED and abortion is caused by bacterial 
infection/inflammation it was not expected 
that all mares would maintain pregnancy. 
The population we chose to treat had all 
undergone either EED or abortion at least 
once in the last season prior to entering 
the trial.At the conclusion of the study 
43 mares had entered the program, they 
had a mean age of 14.2 years and had 
EED or abortion an average of 2.2 times 

in the preceding years.The results of the 
study were that 36 mares became pregnant 
(84%). Of the 36 pregnant mares 3 had 
EED (8.3%), 4 aborted (11.1%) and 29 had 
foals (80.6%).

A study such as this, although encouraging, 
must be interpreted with caution as there 
are no controls (i.e. a similar population 
of 43 mares that had no treatment). 
Despite this we are confidant that we are 
beginning to make some headway into 
preventing pregnancy losses.Another area 
of recent improvement is recognition and 
management of the high-risk pregnancy. 
These mares may have placental problems 
and present with premature lactation or 
problems may be inferred from mares with 
stresses such as colic surgery.Commitment 
to research has resulted in many exciting 
discoveries that should continue and help us 
get more live foals each year and in addition 
more foals from difficult breeders.
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Fertility examination 
of the stallion

AO McKinnon

Introduction

When I was fortunate enough to give some 
lectures at the ‘Battle of the Sexes’ series 
in January 2009 with my old friend Dickson 
Varner, he stated that in his opinion the 
three most important parameters to a 
fertility evaluation were: 1) Spermatozoal 
morphology 2) Testicular size and 3) 
Results of a Sperm Chromatin Structure 
Assay (SCSA). I mention this here at the 
beginning of the chapter to help readers 
focus on parts of the evaluation that may 
be most important. Too often stallions with 
good motility are not as fertile as we would 
assume.

The stallion, although half of the fertility 
equation, is frequently ignored. It may 
come as a shock to readers to be informed 
that very few people actually perform 
and interpret a stallion fertility evaluation 
properly. The most common mistakes are 
basic and relate to lack of understanding. 

Each year we see numerous reports of 
fertility examinations that are not performed 
correctly. Common errors are not extending 
semen prior to microscopic evaluation and 
failure to recognise that the only really 
accurate assesment of sperm numbers 
comes from sexually depleted stallions 
(extra-gonadal sperm reserves).

When should a reproductive 
evaluation be performed?

1. Before sale or purchase
2. Prior to the breeding season
3. To determine the number of services that 

should be made during the season
4. Anytime lowered fertility is suspected
5. Anytime it would be desirable to 

increase the number of mares bred
6. When abnormal sexual behaviour is 

observed
7. To determine if semen quality or 

testicular consistency has degenerated 
since the last evaluation

8. When the stallion is suspected of 
harbouring a potential pathogen

9. Prior to utilising the stallion for cooled, 
transported or frozen semen

If serious dysfunctions are discovered 
that cannot be corrected with special 
management, booking a large number of 
mares that will not become pregnant can 
be avoided. The two main reasons that 
reproductive evaluations are not performed 
are ignorance and expense.

Components of the 
reproductive examination

The veterinarian involved with the 
reproductive evaluation is only judging 
reproductive soundness and ability to 
breed. It is up to the owner to consider the 
following:

1.  Is the pedigree satisfactory?
2. Does it have a good racing record, 

etc?
3. Is the purchase price realistic enough 

to insure that the stud fee or syndicate 
shares will attract a full book of mares 
and thus give the horse a proper 
opportunity to prove his potential?

The veterinarian answers the question: Is 
the horse sound enough to withstand the 
rigours of breeding seasons, and is the 
semen satisfactory? However it is fair to say 
that a fertility exam should never be used to 
say that a horse is fertile. 

The exam should be used to say that 
according to the parameters measured the 
horse appears to be capable of achieving 
normal fertility. The breeding examination is 
much better used to identify stallions with low 
numbers of sperm, low progressive motility, 
poor morphology and other variations in 
quality that then can be used to suggest 
that the stallion is a questionable breeding 
prospect.

Examination of the stallion is generally 
divided into two parts: 1) genital examination 
and 2) semen evaluation.
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History

Factors that may influence the examination 
outcome and interpretation are history 
of disease or illness, medications such 
as anabolic steroids, and previous and/
or current fertility if applicable. The 
examiner needs to remember that a 
thorough examination is necessary despite 
a history that sometimes may highlight 
what appears to be an obvious problem. 
All previous medical and surgical history 
should be recorded as well as vaccination 
and anthelmintic treatment status. If 
previous fertility has been documented, 
the techniques of breeding, the number 
mares pregnant per cycle and the status of 
the mares (wet, maiden and dry) and their 
respective fertilities should be compared. On 
farm management can influence a stallion’s 
fertility not just in the population of mares 
he breeds, but in methods such as when 
mares are presented to the veterinarians 
for examination and whether the stallion 
was ejaculating properly in a natural service 
programme. 

We have seen numerous instance of 
decreased fertility that could be directly 
related to a change in the stallions ability (or 
enthusiasm) to ejaculate. Most commonly 
these had not been noted by personnel 
directly responsible for breeding.

General physical examination The horses 
overall body condition and general bodily 
health are noted. The veterinarian is 
responsible for determining that the horse 
is free from observable defects that may 
interfere with the ability to deliver semen. 
The examination does not necessarily 
include an assessment of conformation etc., 
except as it relates to the future breeding 
performance.

Genital examination

External

The degree of physical examination (i.e. 
conformation etc) is at the discretion of 
the purchaser. Generally, the penis will be 
briefly examined during washing, prior to 
the first collection of semen.

The prepuce should be examined visually 
and palpated for injuries, swellings, 
accumulations of secretions or other space-
occupying lesions. Papillomas and other 

skin tumours are common on the sheath. 
The inguinal region and scrotum should be 
examined for scars, discharging fistulas, 
swellings, etc. In addition, an attempt 
should be made to palpate the superficial 
and deep inguinal lymph nodes. If there is 
any evidence these are enlarged, then the 
nodes may also be palpated per rectum.

The penis and prepuce should be examined 
in detail, insuring that the penis can become 
fully erect. All crevices and folds should be 
investigated for neoplasms, granulomas or 
abnormal accumulations of smegma.

The perineal region should also be inspected 
for abnormalities over the root of the penis 
and for scars suggestive of a previous 
urethrotomy. Both testicles should be 
palpated for size and consistency and 
abnormalities such as rotation, symmetry 
and both should be freely movable within 
the scrotum.

Testicular Size and Consistency

A measurement of total scrotal width should 
always be part of a reproductive evaluation 
because it has been shown that the number 
of spermatozoa a stallion is capable of 
producing is directly related to the size of 
the testis (Gebauer et al., 1974) (Thompson, 
Jr. et al., 1979). “Factors affecting testicular 
measurements in situ and the relationships 
among the measurements and various 
reproductive characteristics were studied 
using data from 48 stallions. Mean values 
during the breeding season are provided for 
scrotal width, widths and lengths of individual 
testes, combined weight of testicular 
parenchyma, daily sperm production and 
daily sperm output. 

Testicular measurements were highly 
repeatable from day to day and for repeated 
measurements on a given day; technician 
provided the largest source of variation 
in the measurements of a given stallion. 
Age significantly affected all testicular 
measurements; testicular size for 2- to 
3-year-old stallions did not differ (P > 0.05) 
from that for 4- to 6-year-olds, but was 
smaller (P < 0.05) than testicular size of 
stallions greater than or equal to 7 years 
old. Scrotal width was correlated (P less 
than 0.01) with daily sperm production (r 
= 0.75) and daily sperm output (r = 0.55) 
and was generally the most repeatable 
measurement” (Thompson, Jr. et al., 1979)
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We normally recommend the total scrotal 
width and testicular consistency of stallions 
standing at stud should be measured and 
recorded once per month. Because of 
individual variability, we recommend the 
same person measure and palpate the 
testicles for recording monthly. Total scrotal 
width is measured with callipers (recorded 
in millimetres) by gently forcing both testes 
down into the scrotum, stretching the scrotal 
skin. In one study, the average total scrotal 
width of normal stallions of all ages was 
shown to be 105 mm (Pickett et al., 1989). 
If a total scrotal width is measured as less 
that 80 mm, the stallion will not be approved 
as a sound breeder (Pickett et al., 1989) 
because stallions with small testicles are 1) 
potentially poor producers for spermatozoa 
and 2) size of testis appears to be heritable 
(similar to bulls) . In addition, we do not 
approve a unilateral cryptorchid stallion, 
primarily because of convincing evidence of 
heritability (Leipold et al., 1985). Increase 
in testicular size for a stallion in an artificial 
insemination breeding program may be of 
great benefit. 

However, for those stallions bred naturally, 
sex drive may be the limiting factor in the 
number of mares that can be effectively 
bred. Many stallions have ample testicular 
tissue and sperm reserves to breed as many 
as five or sometimes more mares per day 
for several days without depleting sperm 
numbers below critical levels. However, 
some will become sexually satiated from 
such heavy breeding schedule and refuse 
to breed or may develop abnormal sexual 
behaviour (Pickett et al., 1989). If a stallion 
needs to breed three mares in a day, it is 
recommend the breedings be spaced apart 
evenly (8 hours).

In addition to examination for disease 
processes ultrasonography can used to 
measure the length, width and height as 
well as the cross sectional area and the 
circumference at the widest part of each 
testes. Using the formula for the volume 
of an ellipsoid (4/3 π abc, a = height/2, b 
= width/2, c = length/2) the volume of a 
testes can be measured.

Thus testicular volume = 0.52 X L X W X H. 
A further calculation (DSO X 109 = 0.024 
X Testicle Volume – 0.76) is used to predict 
Daily Sperm Output (DSO) .

Semen of 26 stallions, 2-20 years of age, 
was collected once a day for 7 consecutive 
days to determine daily sperm output (DSO). 
After the last collection, 17 stallions were 
castrated. Testicular volume was estimated 
using two methods. Length, width, height, 
of each testis were measured by callipers. 
Length, width, height, cross-sectional area 
and circumference at the widest point of the 
testis were measured by ultrasonography. 
Both calliper and ultrasound measurements 
were first made in the live animal, and again 
in vitro. 

There were no differences in these 
measurements because of method or 
condition of the animal, i.e., whether the 
measures were taken in the live animal 
or after castration. It was concluded 
that ultrasonography was a method of 
accurately estimating testicular volume (r 
= 0.99) as well as predicting DSO (r = 
0.92) in the stallion. The authors of this 
report suggest that this estimation can be 
performed by substituting values derived 
by ultrasonography or callipers (Love et al., 
1991).

Testicular consistency may be an important 
indicator of testicular degeneration. A stallion 
with soft, mushy testicles or excessively 
hard testes will not be approved as a sound 
breeder at the GVEH regardless of testicular 
size because such a stallion is a potentially 
poor producer of spermatozoa and generally 
has abnormal seminal characteristics. 
Important to note is the effect of season on 
testicular size and consistency. During the 
physiological non breeding season (March to 
July), the stallion’s testicular size decreases 

   Left testicle Right testicle
Length (cm) 9.0  8.9
Height (cm) 5.5  5.2
Width (cm) 5.1  5.0
Volume  131  120

 DSO = 0.024 X TV = 251       (i.e. DSO = 251 X
 TV – 0.76 131+120) 0.024 -.076
   DSO = 6.024-0.76  
   = 5.264 X 109

Table 1 and 2 below shows these 
calculations are used.

Table 1. Testicular volume measured 
from the formula TV = 0.52 X L X W X H

Table 2. Daily sperm output (DSO) is 
calculated from total testicular volume 
measurements
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and the consistency will become poorer. For 
example, a stallion with a total scrotal width 
of 120 mm in December may be expected 
to have the total scrotal width decrease to 
105 mm. Similarly, testicular consistency 
would change from good or excellent to fair. 
The reasons for this decrease in size and 
change in consistency are associated with 
decreased spermatogenesis which results 
in loss of fluid and decrease in size of the 
seminiferous tubules.

Internal

Rectal examination to palpate accessory sex 
glands and inguinal rings is not a routine 
procedure for reproductive evaluation of 
the stallion at the GVEH. These procedures 
are performed when other tests indicate the 
need, e.g. the demonstration of WBC’s in 
the semen, haemospermia, urospermia and 
in cases of apparent pain at ejaculation.

EVALUATION OF SEMEN

There are two types of seminal evaluations 
recommended (Pickett et al., 1987a): 1) 
a minimum of two ejaculates of semen 
collected one hour apart and 2) two 
ejaculates of semen collected one hour 
apart and then daily ejaculations collected 
for seven days. Normally, the first collection 
schedule is sufficient for an accurate 
evaluation (Pickett et al., 1987b). However, 
the latter is a more complete evaluation and 
allows us to predict with a better degree of 
accuracy the reproductive potential for the 
stallion including an estimate of the number 
of mares that can be booked for natural 
service or artificial insemination (Pickett et 
al., 1987b).

The parameters included in the evaluation 
are: 1) sexual behaviour (reaction time and 
mounts required per ejaculation); 2) gel, gel-
free and total seminal volumes; 3) percentage 
of progressively motile spermatozoa; 4) 
concentration of spermatozoa per ml; 5) 
total sperm per ejaculate; 6) spermatozoal 
morphology; 7) pH; 8) cultures from the 
urethra, prepuce and semen. Reported 
ranges of these parameters are presented 
in Table 3 (Jasko, 1992).

An appropriate artificial vagina for seminal 
collections is essential. The semen must 
be adequately protected during and after 
collection and then during evaluation. 
Unfortunately, on occasions we believe 

stallions have been condemned or penalised 
because of faulty procedures or unclean 
equipment so it is important that samples of 
semen evaluated are truly representative of 
the stallion’s physiological status.

Sexual Behaviour

Correct assessment of the stallion’s sexual 
behaviour will depend upon the experience 
of the evaluator. Many iatrogenic factors 
may affect the stallion’s sexual behaviour 
on the day of evaluation. We recommend 
to record the number of mounts required 
per ejaculation as this may give some 
indication of physical limitations and mental 
attitude. Ideally, a stallion will attain an 
erection upon entering the breeding shed 
and should copulate and ejaculate within 
30 seconds to 1 minute of mounting the 
mare or phantom. However, most stallions 
presented for fertility evaluations are not 
in ideal conditions (for the stallion) and 
many stallions are presented to the GVEH 
without any sexual experience at all. In 
these cases, it is common for the stallions 
to exhibit awkward sexual behaviour such 
as shyness, unwillingness to respond to 
the handler, cross-mounting, mounting the 
mare’s head, and mounting without an 
erection. Therefore, it is important to note 
the prior breeding history of the stallion.

In any stallion, observations of other 
characteristics such as a tendency to savage 
mares, reluctance to mount, slowness to 
attain an erection, shyness, needing blinkers 
to breed, a tendency to be easily distracted, 
objection to being washed, charging the 
mare, and any other type of abnormal 
sexual behaviour should be recorded and 
discussed with the client.

Gross appearance

Semen should be opaque. Watery semen 
likely is of reduced concentration and 
discoloured semen may reflect infection 
such as seminal vesiculitis, urospermia 
(urine in the ejaculate) or haemospermia 
(blood in the ejaculate).

Seminal Volume

Semen is composed of spermatozoa 
produced in the testes and fluids from the 
accessory sex glands. The spermatozoa 
are ejaculated from the epididymides, 
deferent ducts and ampullae and the fluids 
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come from the epididymides, ampullae and 
prostate and bulbourethral glands. The 
gelatinous material (gel) is added in the 
last part of the ejaculate from the vesicular 
glands. The stallion normally ejaculates 
6 to 9 spurts of semen (Kosiniak, 1975). 
Approximately 75% of the spermatozoa 
are present in the first three spurts and the 
gel is ejaculated in the last two or three. A 
filter should be incorporated into an artificial 
vagina to separate the gel fraction from 
the remainder of the ejaculate. Even with 
efficient separation, the gel will contain 
some spermatozoa. The volume of gel-free 
semen however is of primary importance 
because it contains most of the spermatozoa 
and is used to multiply concentration of 
spermatozoa per ml to calculate the total 
spermatozoa per ejaculate.

Seminal volume is affected by season and 
commonly is reduced approximately 40% 
between June and August when compared to 
November to January (southern hemisphere) 
(Pickett et al., 1976). When successive 
ejaculates are collected one hour apart, 
the volume tends to be slightly lower when 
compared to the first.

Volume of ejaculate is inversely related 
to sperm concentration (i.e. as volume 
increases, spermatozoa per ml decreases 
and vice versa). It is not thought that 
fertility, even in natural service, is affected by 
seminal volume. Thus it is not more desirable 
for an ejaculate to have a volume of 20 ml 
and contain 500 million spermatozoa per ml 
compared to an ejaculate with a volume of 
100 ml with a concentration of 100 million 
spermatozoa per ml, as both spermatozoa 
totals per ejaculate are 10 billion. Many 
uninformed people in the breeding industry 
believe that large volume in the ejaculate 
is a good parameter. In fact, it may be that 
the opposite is the case because when large 
volumes are placed into the uterus, the 
mare tends to expel more material back 
into the vagina and quite clearly, the larger 
the volume, the more potential for bacterial 
contamination or embarrassment of the 
uterus. 

In addition to this there is an effect or 
interaction of sperm numbers, concentration 
and volume on fertility as when the total 
number of sperm is kept constant and volume 
(and thus concentration) varies, fertility is 
depressed at higher volumes (Squires et 
al., 1989). Total volume in the ejaculate 

can be increased through accessory gland 
secretion by excessive sexual stimulation 
of the stallion prior to collection (Pickett et 
al., 1987a). Some stallions rarely produce 
gel; others may produce extremely large 
quantities, particularly in the first ejaculate 
but the presence or absence of gel appears 
to have no effect on fertility (Pickett et al., 
1989).

Motility

Proper evaluation of the % of normal or 
progressively motile spermatozoa cannot be 
or should not be conducted on raw semen 
because: 1) the stallion’s spermatozoa 
tend to clump or agglutinate, and 2) the 
concentration frequently makes it difficult 
to determine normal progressive motility. 
Therefore it is recommended the stallion’s 
semen be extended 1:20 with a powdered 
skim milk-glucose extender. Extender 
prepared in this manner can be frozen for 
storage and then thawed and slowly warmed 
to 380C before adding raw semen. When the 
semen is extended, individual spermatozoa 
are dispersed thereby permitting direct 
observation. Not extending the raw semen 
is one of the most common mistakes in 
evaluating a stallions potential fertility. 

It is believed that the percentage of 
spermatozoa moving progressively and at 
a normal speed are both related to fertility. 
Normal spermatozoa move forward in a 
relatively straight line and make one complete 
revolution (3600 rotation) of the head with 
each lash of the tail. Spermatozoa that 
display no movement, reverse movement, 
or movement in small circles and that do 
not fit the normal rotation pattern are not 
believed capable of fertilisation. In these 
cases, total motility (percent of spermatozoa 
that are moving) may be as high as 80% 
but normal progressive motility may be as 
low as only 10%.

The normal progressively motility (%) is 
very important in an artificial insemination 
program when one considers that it has 
been shown that a minimum of 100 million 
progressively motile spermatozoa per 
insemination are required for maximum 
reproductive efficiency (Pickett et al., 
1987a). It was also shown that no further 
increase in fertility was obtained when 500 
million or more normally progressive motile 
spermatozoa were used. Therefore, no more 
than 500 million and no less than 100 million 
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progressively motile spermatozoa should be 
used per insemination. There is considerable 
variation in spermatozoal motility noted 
throughout the year. However, there is 
no apparent effect of season on motility 
(Pickett et al., 1989). It should be noted 
that because of decreased spermatozoal 
production, and decreased sex drive, that 
even if mares were cycling in June, the 
stallion would not be able to breed as many 
when compared to December.

Spermatozoal motility is well correlated with 
fertility. However, unfortunately motility is 
subjective. We recommend motility should be 
estimated at 200x magnification with a phase 
contrast microscope. Assessment should be 
made of several different microscopic fields 
in order to reach an accurate conclusion. 
“Information pertaining to evaluation of 
single ejaculates of semen and records 
for 2 consecutive breeding seasons were 
obtained. In all, data for 99 individual 
breeding seasons (n = 43 Standardbreds 
and 56 Thoroughbreds) were evaluated. 
Included in each semen evaluation was 
examination of semen characteristics and 
computer-aided analysis of spermatozoal 
movement characteristics. On the basis of 
the analysis of breeding records for 4,175 
mares (7,017 estrous cycles), a per-estrous 
cycle fertility rate was calculated from data 
for 96 of the breeding seasons. Stallions 
with lower fertility than the mean overall 
season fertility had significantly (P < 0.01) 
lower mean values for subjective appraisal of 
the percentage of motile and progressively 
motile spermatozoa and for percentage of 
morphologically normal spermatozoa. 

Lower mean values were obtained for 
computer-aided movement analysis of the 
percentage of motile and progressively 
motile spermatozoa, and for mean velocity of 
motile spermatozoa. Semen characteristics, 
including spermatozoal movement 
characteristics, and fertility were significantly 
(P < 0.05) correlated for Thoroughbred 
and Standardbred stallions when analyzed 
individually and when data for both breeds 
were combined. Characteristics most highly 
correlated (P < 0.01) with fertility data for 
both breeds combined were: subjective 
appraisal of the percentage of motile (r 
=0.40) and progressively motile (r = 0.46) 
spermatozoa; percentage of morphologically 
normal spermatozoa (r = 0.36); and 
computer- aided analysis of percentage of 
motile spermatozoa (r = 0.34). However, 

on the basis of evaluation of a single 
ejaculate for each stallion, the variation 
in these characteristics only accounted 
for approximately 20% of the observed 
variation in fertility rate” (Jasko et al., 
1992)The duration of time of spermatozoal 
survival in the mare’s reproductive tract is 
certainly extremely important to fertility 
but there is no evidence to support that the 
survival of spermatozoa outside the mare 
is related to survival inside. However, many 
laboratory personnel believe that the length 
of time spermatozoa survive (longevity) 
in an extender is an indication of fertility. 
As mentioned above, common methods 
to evaluate spermatozoal motility are 
subjective. A method to avoid subjectivity 
is to use a computer aided analysis of sperm 
motion (CASA) (Varner et al., 1991). We use 
a Hamilton Thorn CEROS CASA system (see 
below). We find that individual operator bias 
is removed and as long as slides are made 
consistently there is little variation between 
sample estimates.

Fig 1. Example of reasonable motion 
characteristics of spermatozoa. 
Picture shows a field that has been 
analysed at ~ 60 frames per second 
and a total of 45 frames.

Fig 2. Parameters (total and 
progressive motility according to pre 
defined codes for analysis) for the 
semen analysis acquired in Fig 1
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Concentration

Spermatozoal concentration is measured 
by percentage of light transmittance of 
a diluted semen sample. The amount of 
light passing through the sample is well 
correlated to the number of spermatozoa 
per ml of gel-free semen. It is important that 
the gel be removed since it interferes with 
measurement. Once the concentration per ml 
is determined, it is multiplied by the volume 
of gel-free semen to obtain the number 
of spermatozoa in an ejaculate. The blank 
used to calibrate the spectrophotometer or 
other apparatus used to measure percent of 
light transmittance is formalin. Formalin has 
a dual role, firstly as a diluent and secondly 
to kill spermatozoa.

An instrument was developed that 
automatically computes the concentration 
of spermatozoa per ml after the machine is 
calibrated (Densimeter- Animal Reproduction 
Systems, Chino, Ca). The same machine 
can be used to calculate the volume of the 
ejaculate needed per insemination dose and 
helps determine optimum dilution rates for 
cooled transported spermatozoa.

There are other less expensive methods for 
determination of the number of spermatozoa 
per ml of semen such as a haemocytometer. 
However, these are often time consuming. So 
much so that semen quality may deteriorate 
prior to the time insemination doses have 
been calculated.

A recent addition to our equipment is the 
ultra accurate Nucleocounter (SP 100). 
The NucleoCounter Instrument Family all 
uses a dedicated fluorescence microscope. 
It detects propidium iodide (PI) bound to 
the DNA of cell nuclei. This is an extremely 
accurate and also a fast method to measure 
the number of sperm in a sample.

Fig 3. Further motion characteristics 
from the same sample as Fig 1 and 
2.

Fig 4. Same analysis as in Fig 1 
but for a stallion with spermatozoal 
motility.

Fig 5. Same as in Fig 2 for a stallion 
with poor motility (fig 4).

Fig 6. Same stallion as in Fig 4 with 
the analysis shown as for Fig 3.

Fig 7. Individual tract from 
the sample in Fig 1.
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Sperm Per Ejaculate
In the study at CSU (Pickett et al., 1987a), 
(Pickett et al., 1989). using a group of 
mature stallions that were collected twice 
one hour apart, every seven days for a 
year, the average sperm per ejaculate 
was 15 billion compared to 8 billion in 
the second ejaculate. This relationship is 
normal for a stallion who has had at least 
four days of sexual rest (Pickett et al., 
1987b). If the number of spermatozoa in 
the second ejaculate is not approximately 
50% of that in the first, one or more of 
the following reasons is suspected: 1) one 
of the ejaculates was incomplete, 2) the 
stallion had abnormally low spermatozoal 
reserves, 3) the stallion’s spermatozoal 
reserves were depleted, 4) the stallion was 
very young or sexually immature, or 5) the 
stallion was accumulating extra-gonadal 
sperm reserves which caused abnormally 
high spermatozoal numbers in the first 
ejaculate. Season affects total sperm per 
ejaculate (Pickett et al., 1987a), (Pickett 
et al., 1989). The number of spermatozoa 
in the first ejaculate ranged from 10 billion 
in July (winter) (average) to 22 billion in 
January (summer) (average), while the 
second ejaculates averaged 5 billion and 12 
billion respectively. 

Spermatozoal output during the lowest 
months (winter) was approximately 50% of 
that during the highest month (summer). 
In other words, at the beginning of the 
breeding season (September 15), the stallion 
is not producing anywhere near maximal 
spermatozoal numbers. The importance of 
this observation becomes more apparent 
when one considers that early in the breeding 
season mares are often not cycling normally 
and they are frequently bred multiply prior 
to the first ovulation of the year. This may 
be a vicious cycle in which the stallion is 

used too frequently for 
maximum reproductive 
efficiency.

The production of 
spermatozoa in the 
normal stallion is a 
relatively continuous 
process at ~ 60-80,000 
sperm per second 
(70,000 per second 
equals ~6 billion per 
day). If a stallion is not 
used, the storage organs 
or extra-gonadal storage 
system will become full 

and the excess spermatozoa will be voided 
into the urine. This information can be 
used to aid in managing stallions that are 
used for breeding at irregular intervals. 
Thus, it is possible to manage the oestrus 
cycle of mares so that they will be cycling 
when the stallion is available (during a 
busy schedule of either racing, showing 
or other competition). It takes a period of 
approximately 7 days to deplete the extra-
gonadal storage systems.

Morphology

Morphology (anatomy of the spermatozoa) is 
best assessed using Differential Interference 
Contrast Microscopy (DIC). This is also 
known as Nomarski Interference Contrast 
(NIC) or Nomarski microscopy, and is an 
optical microscopy illumination technique 
used to enhance the contrast in unstained, 
transparent samples. DIC works on the 
principle of interferometry to gain information 
about the optical density of the sample, to 
see otherwise invisible features. A relatively 
complex lighting scheme produces an image 
with the object appearing black to white on 
a grey background. This image is similar to 
that obtained by phase contrast microscopy 
but without the bright diffraction halo. 

DIC works by separating a polarized light 
source into two beams which take slightly 
different paths through the sample. Where 
the length of each optical path (i.e. the 
product of refractive index and geometric 
path length) differs, the beams interfere 
when they are recombined. This gives the 
appearance of a three-dimensional physical 
relief corresponding to the variation of 
optical density of the sample, emphasizing 
lines and edges though not providing a 
topographically accurate image. DIC is 
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performed as a wet mount on semen 
samples mixed with formal saline. At least 
100 spermatozoa should be counted.

Another approach is to count morphological 
abnormalities from two stained slides 
per ejaculate. The most common stain 
used is Hancock’s although more recently 
we have been using Farrelly’s stain. The 
spermatozoa should be stained immediately 
after collection. However, they may 
be stored up to several weeks prior to 
evaluation. The greatest value of this test 
for reproductive evaluation is to supplement 
motility estimates. Frequently the type of 
spermatozoa responsible for abnormal 
motility can be identified from the prepared 
specimen for morphology determination.

There are two major classifications of sperm 
abnormalities: 1) primary, 2) secondary. 
Primary abnormalities are associated with 
the spermatogenic process (manufacture) 
and occur in the testes (ie. malformed heads 
and midpieces). Secondary abnormalities 
occur after the spermatozoa have been 
formed and during transport through 
the duct system (ie. kinked tails, kinked 
midpieces, detached heads and proximal 
and distal cytoplasmic droplets). Secondary 
abnormalities may also be caused by 
poor semen handling techniques such as 
rapid changes in temperature, exposure 
to sunlight, or the use of dirty equipment 
during collection and/or evaluation. Semen 
placed in formalin solutions for wet mount 
evaluation (i.e. DIC) can have a large % of 
bent tails if the sample is not mixed at the 
right osmolarity (for instance dilution with 
water instead of buffered saline).

It appears that a stallion can produce 
a relatively large number of abnormal 
spermatozoa and still be fertile if there is an 
adequate number of normal spermatozoa in 
the ejaculate (Dowsett and Pattie, 1982). 
However, the total number of useable 
spermatozoa per ejaculate is lowered, thus 
decreasing fertility because the number of 
normal spermatozoa per ejaculate may drop 
below the number needed for maximum 
reproductive efficiency and natural service. 
Further, the number of mares that can be 
bred in an artificial insemination program is 
reduced as the number of morphologically 
abnormal spermatozoa increases. Abaxial 
attachment of the midpiece is considered 
normal in the stallion and appears as 
often as 60-70% of a given ejaculate from 

stallions of normal fertility. 

Recent publications of more objective 
spermatozoal morphology has demonstrated 
a correlation of morphology to fertility 
(Jasko et al., 1990). “The analysis of 
breeding records and sperm morphologic 
classifications from ejaculated semen during 
99 stallion seasons, over a 2-year period, 
revealed a significant correlation (r = 0.34, 
P < 0.01) between the percentage of 
morphologically normal sperm in ejaculates 
and the per cycle fertility estimate of the 
stallions studied. 

In addition, the percentage of sperm 
classified as having major defects (abnormal 
heads, proximal droplets, and abnormal 
midpieces) was significantly inversely 
correlated (r= - 0.36, P < 0.01) with the 
same fertility estimates. Multiple variable 
regression demonstrated that the variation 
in 2 morphologic features classified as major 
defects, abnormal heads, and proximal 
droplets, accounted for the largest amount 
of variation in fertility. It appears that in 
stallions, a large percentage of ejaculated 
sperm with major defects or other defects in 
combination with major defects is associated 
with a larger reduction in fertility than is 
associated with other defects” (Jasko et al., 
1990).

All the abnormalities present should be 
counted, but only one sperm should be 
added to the total count. Therefore, when 
a total of 100 separate sperm have been 
counted, the total of all abnormalities and 
normal sperm will be greater than the 100 
counted. If we only counted one abnormality 
per sperm, we would be assuming that the 
abnormality recorded is more important 
than the ones that were not. The prevalence 
of each abnormality and the total normal 
sperm all should be recorded. 

Morphological abnormalities such as 
detached heads, abnormal heads, abnormal 
midpieces, coiled tails and premature germ 
cells or round cells can be expected to be 
associated with a decrease in fertility (Love 
et al., 2000).

Some stallions have a high percentage of 
detached heads in the absence of other 
abnormalities. In many instances this is 
caused by the accumulation of sperm in 
the ampullae (plugged ampullae), which 
results in deterioration of the midpiece and 
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subsequent separation of the head and 
midpiece. This condition is reversible and in 
most cases the stallions are fertile when the 
accumulated sperm are removed. 

Detached heads may also occur, usually 
in smaller percentages in combination 
with other abnormalities such as abnormal 
heads, abnormal midpieces, coiled tails and 
premature germ cells and in this case the 
detached head is possibly a result of poor 
testicular function rather than deterioration 
(Love et al., 2000). Another scenario we 
see an increased proportion of detached 
heads is with poorly handled samples. Some 
stallions will have fragility of the head and 
neck attachment and this increases as time 
from collection to evaluation of morphology 
increases. In some cases we have seen an 
individual technician prepare slides with a 
high number of detached heads that was 
not seen again when the samples were 
repeated using another technician.

pH

The pH measurement is influenced primarily 
by the degree of accessory gland secretions. 
Thus, the pH varies with ejaculate. The pH 
of the accessory gland secretion is alkaline 
and when ejaculates are collected on hour 
apart, the second ejaculate commonly is 
more alkaline than the first. So not only is 
this measurement helpful in determining 
whether pH values are within normal ranges 
but it is also beneficial in determining if the 
first ejaculate was complete. The normal pH 
of stallions semen is 7.35-7.7. A high pH 
may suggest apart from ejaculatory failure, 
urine or infection in the ejaculate.

Bacterial Cultures

Immediately after the first and second 
ejaculations, bacterial cultures are obtained 
from the urethra and prepuce. Back in 
the laboratory, cultures are obtained 
from the semen. If potentially pathogenic 
bacteria such as Klebsiella pneumoniae, 
Pseudomonas aeruginosa, or beta haemolytic 
Streptococcus species are cultured from 
all three swabs in any one ejaculate, the 
stallion may not be approved as a sound 
breeder. Bacterial isolates from these three 
places in stallions are mostly problems 
when bred to mares with reduced ability to 
fight infection. On occasions stallions may 
transfer infections to mares bred by natural 
service.

Positive bacterial cultures are probably 
indicative of one of two situations: 1) the 
organisms are residing on the external 
genitalia and contamination may be transient 
or permanent, or 2) the organism is in the 
internal reproductive tract and the stallion 
is really infected. Treating stallions in the 
latter situation can be very difficult. When 
stallions with positive cultures are used in 
natural service, there is increased danger of 
contaminating and possibly infecting mares 
bred. In these cases, mares with a history 
of infertility should be inseminated with 
extender containing appropriate antibiotics 
prior to breeding. When mares are bred 
with artificial insemination, semen can be 
diluted with extender containing appropriate 
antibiotics prior to insemination in order to 
reduce danger of infecting mares. 

The importance of bacterial contamination 
in semen of normal stallions was well 
demonstrated in 1975 by Burns et al. 
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“Sterile equipment was used to collect ten 
ejaculates from each of ten normal stallions 
and quantitative and qualitative bacterial 
counts were made within 15 min after 
collection. The mean bacterial population in 
undiluted semen was found to be 573,000 
+/- 374,000 organisms/ml. The bacterial 
content of semen diluted with two parts 
sterile physiological saline, or with two parts 
of a cream-gelatin extender, was measured 
within 15 min after collection and again 
after 2 hr at 25 degrees C. The number of 
bacteria was slightly increased in the saline 
after 2 hr, but 93% and 99% reduction 
occurred in the extended semen within 15 
min and after 2 hr at room temperature” 
(Burns et al., 1975).

Apart from the bacteria mentioned above, 
isolation of the CEM organism (Taylorella 
equigenitalis) is the only other current 
concern and should be followed buy 
immediate regulatory authority notification.
Other tests of semen quality HOS: The  hypo-
osmotic stress (HOS) test of stallion semen 
involves adding semen to dilute solutions 
and observing the % of spermatozoa that 
swell. It was devised as a method to 
examine membrane integrity. It use appears 
to have waned recently as there is no firm 
association with fertility.

‘The aim of the study was to evaluate 
equine sperm membrane integrity using 
the hypoosmotic swelling (HOS) test and 
to correlate this test with different sperm 
parameters in raw and frozen thawed semen. 
The HOS solutions were made with fructose, 
sucrose, lactose and sodium citrate each at 
300, 150, 100, 50 and 25 mosm. Maximum 
numbers of swollen spermatozoa were 
observed in solutions of fructose, sucrose 
and lactose each at 100, 50 and 25 mosm. 
Correlations between progressive motility, 
morphologically normal spermatozoa and 
the HOS test were r = 0.75 and r = 0.51 
in raw semen and r = 0.26 and r = - 0.22 
in frozen-thawed semen. The correlation 
between HOS and percentage of intact 
membranes with the fluorescent stain was 
r = 0.32 in frozen-thawed semen. The HOS 
test is a simple and accessible method 
which could be used as a complement to 
routine equine semen analysis. It has the 
added advantages of being less susceptible 
to the immediate effects of cold shock and 
of evaluating individual spermatozoa rather 
than the population as a whole, as does 
progressive motility’ (Neild et al., 1999)

‘The hypo-osmotic test has been used 
successfully on equine semen and was 
considered to be a simple and accessible 
method which could be a useful addition 
to routine equine semen analysis. It was 
therefore of interest to determine whether 
the hypo-osmotic test is significantly 
correlated to proposed criteria of fertility. 
The stallions were divided into two groups 
on the basis of threshold levels of fertility. 
A significant difference (P<0.05) was found 
between the two groups for the following 
parameters:

progressive motility, morphologically normal 
spermatozoa, percentage of swelling with 
the hypo-osmotic test, percentage of 
pregnant mares and number of services per 
pregnancy. The hypo-osmotic test provided 
a simple evaluation of membrane function 
and the results obtained show stallions 
with low swelling scores (<40%) to be of 
doubtful fertility. The hypo-osmotic test was 
not correlated with percentage of pregnant 
mares but showed a tendency to correlate 
with the number of services per pregnancy, 
therefore it could be an additional method for 
evaluating stallion fertility. Further studies 
are needed to confirm this observation’ 
(Neild et al., 2000)

‘The swelling of cells in a hypo-osmotic 
medium has been described as an important 
criterion for assessing the functional 
integrity of the sperm plasma membrane. 
The resistance of equine spermatozoa to 
osmolarity changes was studied by extending 
98 semen samples collected from nine 
stallions in media at five osmolarities (300, 
200, 150, 100, and 50 mOsmol l(-1)). The 
response of the cells was measured by the 
spermatocrit technique and eosin staining. 
Spermatocrit determines the increase on 
spermatozoal volume under hypo-osmotic 
conditions, a sign of functional integrity 
of sperm plasma membrane, whereas 
the eosin staining evaluates the viability 
of spermatozoa. A significant positive 
correlation (P<0.01) was observed between 
spermatocrit values and percentage 
of eosin-unstained cells. Spermatocrit 
measurements and eosin staining proved to 
be useful methods to evaluate the integrity 
of sperm plasma membrane under hypo-
osmotic conditions and could be used as 
an additional criterion to predict semen 
preservation ability’ (Lagares et al., 2000)
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Sperm Chromatin Structure 
Assay (SCSA):

The concept that sperm quality is dependent 
on the amount of damage to the sperm DNA 
or DNA fragmentation has been studied 
in humans and domestic animals with 
remarkable results. DNA is arranged in a 
double helix like a ladder configuration with 
side rails and rungs. If the rungs are broken, 
then the ladder is unsteady and unsafe and 
won’t function properly.

Sperm DNA fragmentation has little or 
nothing to do with the parameters that we 
measure on the routine semen analysis. 
It has little to do with the morphology 
of the sperm or whether the sperm are 
moving progressively. It is a completely 
independent variable. Humans and animals 
with otherwise normal semen analyses can 
have a high degree of DNA damage and 
those with very poor sperm quality can have 
very little DNA damage. More importantly 
what has also been demonstrated is that 
the degree of DNA fragmentation correlates 
very highly with the inability of the sperm 
to initiate a viable offspring. Sperm with 
high DNA fragmentation may fertilize an 
egg and embryo development stops before 
implantation or may even initiate a pregnancy 
but there is a significantly higher likelihood 
that it will result in EED or abortion. By 
testing for sperm DNA fragmentation, many 
cases of formally “unexplained” infertility 

can now be explained. There are several 
ways to test for sperm DNA fragmentation; 
the most widely used and statistically robust 
test is called the Sperm Chromatin Structure 
Assay or SCSA.

The semen samples (frozen) are sent to a 
SCSA reference laboratory (mostly human). 
A small aliquot of the sperm is exposed 
to acidic conditions which tests the ability 
of the DNA to maintain the normal double 
helix. Following this stress, the addition of 
acridine orange allows the measurement 
of the amount of green (normal DNA) 
and red (fragmented DNA) emitted from 
each spermatozoa. The fluorescent data 
is transformed to a scattergram with the 
relative amount of green fluorescence on 
the Y-axis, and red on the X-axis (see 
below). The majority of normal sperm 
(main population) will emit mostly green 
fluorescence and be located in an elliptical 
group in the upper left hand portion of the 
graph. As the proportion of single-stranded 
DNA increases, sperm nuclei will emit more 
red fluorescence and be scattered across 
the X-axis outside the main population. The 
percentage of cells containing abnormal 
DNA (single-stranded) is represented as 
the percentage of Cells Outside the Main 
Population (% COMP) or DNA fragmentation 
index (DFI). The term alpha-t (α-t) is 
created from the fluorescence values (green 
and red) from each sperm and therefore 
uniquely identifies each spermatozoa based 
on its metachromic emission of those two 
colours A computer counts the percentage 
of green versus red-labeled sperm and 
software allows for creation of a graphic 
plot of the percent of damaged sperm giving 

Stained sample for SCSA
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an index known as the DNA fragmentation 
Index (DFI).

‘The relationship between fertility and 
susceptibility of sperm DNA to denaturation 
was determined in a group of 84 actively 
breeding, clinically fertile stallions. 
Susceptibility of DNA to denaturation was 
determined using the sperm chromatin 
structure assay (SCSA). The SCSA measures, 
mean of alpha-t (mean alpha(t)), standard 
deviation of alpha-t (SD alpha(t)), and the 
COMP of alpha-t (cells outside the main 
population)] were significantly correlated 
with the percentage seasonal pregnancy 
rate (SPR; meanat, r = -0.24, P less than or 
equal to 0.05; % COMP alpha(t), r = -0.27, 
P less than or equal to 0.05); percentage 
pregnant per first cycle (FCP; SD alpha(t), 
r = -0.30, P less than or equal to 0.01; 
% COMP alpha(t), r = -0.42, P less than 

or equal to 0.0001); and the percentage 
pregnant per cycle (PC; mean alpha(t), r 
= -0.31, P less than or equal to 0.01; SD 
alpha(t), r = - 0.32, P less than or equal to 
0.01; % COMP alpha(t), r = -0.41, P less 
than or equal to 0.0001). 

This study describes detectable intrinsic 
variation in sperm chromatin structure 
among fertile stallions (SPR, mean = 
83%; FCP, mean = 58%; PC, mean = 
57%) in an active breeding population 
(number of mares bred/stallion/year, mean 
= 37), in the absence of overt reproductive 
abnormalities and apparent diseases such 
that an increase in the susceptibility of 
sperm DNA to denaturation is associated 
with reduced fertility, both in terms of 
efficiency of reproduction (FCP and PC) 
and seasonal pregnancy rate (SPR). Both 
COMP alpha(t) and mean alpha(t) were 
useful indicators of fertility, with COMP 
alpha(t) being the only SCSA value able to 
identify mean differences between fertility 
groupings for SPR and FCP, and overall it 
was the most reliable indicator of fertility in 
this group of stallions. The SCSA is able to 
evaluate a compartment of the spermatozoa 
which is different from that of traditional 
tests for sperm quality such as motility and 
morphology’ (Love and Kenney, 1998).

It has become clear that SCSA is one of 
the most important steps in evaluating a 
stallion with reduced fertility (Love and 
Kenney, 1998). Low Compαt values are 
not by themselves able to predict normal 
fertility as other factors (morphology and 
motility for example) play a part in normal 
fertility. However higher than normal Compαt 
(>20%) are associated with reducing 
fertility. A normal Compαt with normal 
motility and morphology should make a 
clinician suspicious of management issues 
(breeding to many mares or damaging 
sperm etc).

The original work on humans and SCSA was 
performed by Dr DP Evenson from South 
Dakota in 1980 . ‘Flow cytometry of heated 
sperm nuclei revealed a significant decrease 
in resistance to in situ denaturation of 
spermatozoal DNA in samples from bulls, 
mice, and humans of low or questionable 
fertility when compared with others of high 
fertility. Since thermal denaturation of DNA 
in situ depends on chromatin structure, 
it is assumed that changes in sperm 
chromatin conformation may be related to 

In horses SCSA has been documented 
as efficacious for predicting fertility of 
stallions (Love and Kenney, 1998). The 
Compαt mentioned below is identical to 
the DFI above.
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the diminished fertility. Flow cytometry of 
heated sperm nuclei may provide a new and 
independent determinant of male fertility’ 
(Evenson et al., 1980).

Since that time numerous factors have 
been identified in causes of increased 
DNA fragmentation. Sperm DNA damage 
is multifactorial and may be due to 
many environmental conditions such as 
chemotherapy, radiation, some prescription 
medications (e.g. cortisone), air pollution, 
smoking, pesticides, chemicals, heat (fever 
or hot tubs); other factors include assisted 
reproductive preparation protocols for 
sperm and various pathological conditions 
such as cryptorchidism, cancer, fever, age, 
infection, leukocytospermia and varicocele 
among others (Evenson and Wixon, 2005). 
‘Studies over the past two decades have 
clearly shown that reproductive toxicants 
cause sperm DNA fragmentation. This DNA 
fragmentation can usually be detected 
prior to observing alterations of metaphase 
chromosomes in embryos. 

Thus, Sperm Chromatin Structure Assay 
(SCSA)-detected DNA damage is viewed 
as the molecular precursor to later gross 
chromosome damage observed under the 
light microscope. SCSA measurements of 
animal or human sperm consist of first 
obtaining a fresh or flash frozen neat semen 
sample in LN2 or dry ice. Samples are 
then sent to a SCSA diagnostic laboratory 
where the samples are thawed, diluted to 
approximately 1-2 x 106 sperm/ml, treated 
for 30 s with a pH 1.2 detergent buffer and 
then stained with acridine orange (AO). The 
low pH partially denatures DNA at the sites 
of DNA strand breaks and the AO-ssDNA 
fluoresces red while the AO-dsDNA fluoresces 
green. Flow cytometry measurements of 
5000 sperm/sample provide statistically 
robust data on the ratio of red to green 
sperm, the extent of the DNA fragmentation 
and the standard deviations of measures. 
Numerous experiments on rodents treated 
with reproductive toxicants clearly showed 
that SCSA measures are highly dose 
responsive and have a very low CV. 

Different agents that act on germ cells 
at various stages of development usually 
showed sperm DNA fragmentation when that 
germ cell fraction arrived in the epididymis 
or ejaculate. Some of these treated 
samples were capable of successful in vitro 
fertilization but with frequent embryo failure. 

A 2-year longitudinal study of men living a 
valley town with a reported abnormal level 
of infertility and spontaneous miscarriages 
and also a seasonal atmospheric smog 
pollution, showed, for the first time, that 
SCSA measurements of human sperm 
DNA fragmentation were detectable and 
correlated with dosage of air pollution while 
the classical semen measures were not 
correlated. 

Also, young men spraying pesticides without 
protective gear are at an increased risk 
for elevated sperm DNA fragmentation. 
Extensive DNA fragmentation probably 
cannot be repaired by the egg and the 
spontaneous abortion rate is approximately 
2x higher if a man has more than 30% 
of sperm showing DNA fragmentation. 
DNA fragmentation is an excellent marker 
for exposure to potential reproductive 
toxicants and a diagnostic/prognostic tool 
for potential male infertility’ (Evenson and 
Wixon, 2005).

Because of the association or reduced 
fertility and an abnormal SCSA it is axiomatic 
that stallions should be tested when fertility 
is low. What may not be as obvious is the 
effect that DNA fragmentation has had on 
embryo development and EED and abortion 
(miscarriages) (Rubes et al., 2005). In horses 
destined for sophisticated ART procedures, 
perhaps we should recommend that they 
be screened for SCSA before embarking on 
expensive time consuming techniques.

Acrosome Dysfunction:

Recently a subset described of stallions with 
normal semen quality, testicular parameters 
and testicular size (Brinsko et al., 2007). 
‘Semen samples were collected from six 
fertile stallions and seven stallions with 
unexplained infertility. Percentages of motile 
sperm (77.5 +/- 11.3 versus 67.5 +/- 12.2, 
P = 0.2), and progressively motile sperm 
(70.8 +/- 13.6 versus 60.7 +/- 14.0, P 
= 0.2) were similar between fertile and 
subfertile stallions, respectively. Morphologic 
characteristics in ejaculates of control and 
affected stallions (% normal: 60.2 +/- 18.2 
versus 52.9 +/- 11.3, P = 0.4; % abnormal 
heads 7.3 +/- 4.8 versus 12.1 +/- 5.0, P 
= 0.11; and % abnormal acrosomes 1.6 
+/- 2.1 versus 3.0 +/- 3.4, P = 0.4) did 
not differ. After incubation with the calcium 
ionophore A23187, acrosome reaction rate 
of sperm from fertile stallions was 96 +/- 
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2.8% whereas only 2.9 +/- 2.5% of sperm 
from stallions with unexplained subfertility 
had acrosome reacted (P < 0.001). 

Molar amounts of cholesterol and 
phospholipid in whole sperm and seminal 
plasma did not differ (P > 0.1) between 
fertile and subfertile stallions. However, the 
molar ratio of cholesterol-to-phospholipid 
was 2.5 times greater in the seminal plasma 
(P = 0.09) and 1.9 times greater (P = 
0.009) in whole sperm of subfertile stallions 
compared to fertile stallions’ (Brinsko et al., 
2007) These stallions were unique because 
of the dramatic discrepancy between 
the high quality of their reproductive 
parameters and low fertility. It appears to 
describe a specific compartmental sperm 
defect that is present in combination with 
“normal” reproductive parameters (motility, 
morphology, chromatin, sperm numbers and 
testicular size) (Varner, 2008). Everything 
about these stallions looked normal and yet 
they failed to develop an acrosome reaction 
(something that is considered essential for 
fertilization (Varner et al., 2002)).

Sperm viability:

Probes such as the SYBR-14/PI/JC-1 triple 
stain combination that penetrate and allow 
areas to differentially stain have the ability 
to greatly increase our understanding of 
sperm damage (Garner et al., 1994). ‘A new 
membrane-permeant DNA stain, SYBR-14, 
was used in combination with propidium 
iodide (PI) to estimate the proportion 
of living sperm in bovine semen. The 
SYBR-14 stained living sperm while PI 
only stained degenerate cells that had lost 
their membrane integrity. Staining with 
SYBR-14 resulted in the nuclei of living 
sperm fluorescing bright green. Aliquots 
containing nearly all living bovine sperm 
were prepared using glass wool/Sephadex 
filtration to remove dead and damaged 
cells. A portion of this filtered sample was 
killed by unprotected freeze-thawing and 
used to provide mixed aliquots containing 
known ratios of living and dead sperm. Flow 
cytometry was used to assess the green 
and red fluorescence of these mixtures. The 
percentages of living sperm, as determined 
by the log of green fluorescence, were 
85.1, 68.8, 39.8, 20.7, and 1.4 for ratios 
of 100:0, 75:25, 50:50, 25:75, and 0:100 
of the filtered, killed mixtures. Also, bovine 
semen was diluted 1:60 in HEPES-0.1% 
bovine serum albumin and incubated for 

0, 3, 6, and 24 hours at 36 degrees C to 
assess changes in cell viability. As cell death 
occurred during this incubation period, a 
relatively rapid transition of staining from 
green to red occurred as sperm died. 

Three replicates of cryopreserved sperm 
from six bulls were also examined using 
SYBR-14 and PI to assess the proportion 
of living and dead cells. Flow cytometric 
analyses of these samples, which had been 
processed and stored in homogenized 
milk, indicated that this stain combination 
was useful in assessing the quality of 
cryopreserved sperm. The combination of 
SYBR-14 and PI was determined to be an 
effective tool for assessing the viability of 
fresh or cryopreserved sperm’ (Garner et 
al., 1994)

In addition to tests mentioned above there 
are other tests that are occasionally useful 
or will become useful in the future. Zona 
penetration has been reported to correlate 
with fertility (Graham et al., 1987).

Any technique that accurately asses fertility 
and eliminate the need to actually breed 
mares to determine fertility would be a huge 
boost for our industry.

FACTORS AFFECTING 
QUALITY AND QUANTITY OF 
STALLION SPERMATOZOA

It is critical to understand factors affecting 
quality and quantity of stallion spermatozoa 
in order to accurately assess a reproductive 
evaluation and to make recommendations 
for clients. This discussion of factors 
affecting sperm production, output and 
their interactions will hopefully be used to 
advise owners on how to more appropriately 
manage their stallion for maximum 
reproductive efficiency. 

The following factors affect quality and/
or quantity of spermatozoa: 1) season, 2) 
frequency of ejaculation, 3) testicular size, 
4) age, 5) sexual behaviour, 6) testosterone 
and anabolic steroids.

Season

Although mentioned in these notes 
previously, it is important to reiterate that 
season affects the quantity but not the 
quality of stallion spermatozoa. In winter 
the stallion produces approximately half 
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the number of spermatozoa daily when 
compared to summer. In addition, the 
volume of the ejaculate is usually decreased 
in the winter. Motility is highly variable 
but in general is similar throughout the 
whole year. These factors can be used 
to emphasise the stallion is more easily 
overused in the breeding season.

Frequency of Ejaculation

Many clients will ask “How often can I use 
my stallion?” In general, this limitation is 
related entirely to the libido of that stallion. 
However, the frequency of ejaculation has no 
relation to the production of spermatozoa. 
In other words, when the stallion’s extra-
gonadal storage system is depleted, the 
more frequently he ejaculates, the less 
sperm is released per ejaculate. One stallion 
breeding at pasture appeared to engage in 
significantly more breeding activity than 
previously thought possible (i.e. as many 
as 16 matings per day) (Bristol, 1982). 
However, we have demonstrated significant 
variation to this and believe the stallions 
inherent libido is a governing factor.The 
question of how often to collect a stallion in 
an artificial insemination program is often 
raised by the owners. 

A study conducted in at CSU (Pickett et al., 
1987a) (Pickett et al., 1989) determined 
that the total sperm collected per stallion per 
week was identical when the stallions were 
collected three times per week compared 
to six times per week. This means that 
on every-other-day collection schedule all 
sperm that can be collected are being 
obtained. Therefore, for maximum utilisation 
of a stallion with minimum effort, it is 
recommended that artificial insemination be 
used and that the semen be collected from 
the stallion every other day and that mares 
in standing heat for two days or longer be 
inseminated.

Testicular Size

Studies at CSU (Pickett et al., 1987a) 
(Pickett et al., 1989) also revealed testicular 
measurements (total scrotal width) were 
highly correlated with DSO and daily sperm 
production. This means that the number 
of spermatozoa a stallion is capable of 
producing is directly related to the number of 
grams of testicular tissue. Thus, total scrotal 
width is a reasonably good indicator of a 
stallion’s ability to produce spermatozoa.

The relationship between testicular size 
(total scrotal width) and total sperm per 
ejaculate is demonstrated by table 3 for two 
stallions.

Stallion 1 has a total scrotal width of 
137 mm and after extra-gonadal storage 
system depletion, delivered approximately 
12 billion spermatozoa daily versus 2 million 
spermatozoa daily for stallion 2 that had a 
total scrotal width of 79 mm. In an artificial 
insemination program and breeding with 
100 million motile spermatozoa, if 50% of 
the spermatozoa were motile, the stallion 1 
could breed 60 mares and stallion 2 could 
breed 10. If the maximum (recommended) 
insemination dose (500 million) is used, 
then 12 mares can be bred with an ejaculate 
from stallion 1 and two can be bred with an 
ejaculate from stallion 2. When considering 
natural service, it should be clear that 
fertility of stallion 1 is not likely to be 
adversely affected by multiple ejaculations 
per day and that his main limitation would 
be sex drive. Stallion 2 would have an 
expected decrease in fertility when bred 
more often than once or twice per day.

Total scrotal width (and spermatozoal 
production) decreases during the winter by 
as much as 10 to 20%.

Age

In general, total scrotal width increases with 
age until approximately 16 years of age. 
In other words, as the stallion ages, more 
mares could be bred. However, as a stallion 
ages, there is a greater chance due to the 
cumulative effect of various insults that it 
will suffer testicular degeneration, fibrosis 
or other injuries. If a stallion escapes the 
reduced reproductive capacity associated 
with cumulative insults, he may remain 
fertile into his late 20’s.

Sexual Behaviour

Because of the way stallions are handled in 
their early formative years (ie. punishment 
for normal sexual behaviour while in training, 
showing or other competition), many 
stallions have impotence and/or abnormal 
sexual behaviour. This mismanagement of 
these stallions occurs by owners, managers, 
trainers, or handlers and is responsible for 
quite a bit of referral work at the GVEH. 
We recommend caution and the use of only 
experienced personnel to train the stallion 
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to the procedure of breeding, particularly 
if the stallion is young. In addition, we 
do not recommend the use of a two year 
old stallion for breeding because many of 
these stallions seem to develop early bad 
breeding habits such as savaging mares or 
slower reaction time that may be difficult to 
correct later in life.

In general, the use of artificial insemination 
encourages better breeding behaviours 
because the stallion is used less extensively 
and many stallions with good sex drive 
can be trained to mount a phantom and 
ejaculate which is very useful in retaining 
stallions that are afraid of mares, have 
developed poor breeding habits, or have 
difficulty in mounting or dismounting.

Testosterone and Anabolic Steroids

Because peripheral testosterone levels were 
highest in the summer compared to the 
winter at the time sexual behaviour was best 
and total sperm per ejaculate was highest 
(Berndtson et al., 1974), and because 
testosterone is intimately associated with 
sexual behaviour, many people have 
treated stallions with testosterone in order 
to improve fertility and libido. Studies at 
CSU have demonstrated that levels of 
testosterone in the serum of normal and 
impotent stallions are similar and other 
studies have demonstrated that the effects 
of testosterone and other anabolic steroids 
will decrease fertility of stallions (Squires et 
al., 1982).

The hormone responsible for the production 
of testosterone from the Leydig cells is 
luteinising hormone. Peripheral testosterone 
levels are approximately 45 times less 
than the concentration of testosterone 
in the testicles. Injection of exogenous 
testosterone results in suppression of LH 
by increasing peripheral testosterone levels 
without changing testosterone levels within 
the testes. The negative feedback on LH 
results in decreased testosterone by the 
testicles resulting in decreased testosterone 
levels in the testicular tissue despite 
normal or elevated testosterone levels in 
the peripheral blood. High concentrations 
of testosterone are needed in testicular 
tissue for normal spermatogenesis to occur. 
When testicular testosterone concentrations 
decrease, decreased spermatogenesis and 
abnormal spermatogenesis occur. 

Thus, the end result of exogenous 
testosterone is decreased spermatogenesis, 
decreased total sperm per ejaculate, 
decreased total scrotal width, decreased 
motility and increased morphologically 
abnormal spermatozoa. In addition to this, 
exogenous testosterone given to impotent 
stallions has not been associated with 
increased libido. The effects of anabolic 
steroids on fertility and sex drive are 
identical to testosterone. Therefore, it 
is recommended that testosterone and 
anabolic steroids should not be given to 
normal healthy stallions that are to be used 
for breeding.

The effects of testosterone or anabolic 
steroids are prolonged and withdrawal in 
most cases results in return to better fertility 
after 90 days. However, the length of time 
the stallions has been treated most likely 
corresponds to length of convalescence 
post-treatment. A stallion that has been 
treated for a three or four month training 
schedule would most likely respond much 
more rapidly than a stallion that had been 
consistently treated every month for two 
or three years. To date, no information has 
been forthcoming on effects on fertility of 
testosterone or anabolic steroids given to 
colts as they become pubescent. However 
one report suggested that the degree of 
fibrosis seen in the testes would be unlikely 
to result in a total return to normal function 
(Jackson et al., 1991)

CONCLUSION

“The breeding soundness evaluation of a 
stallion is a thorough investigation of a 
stallion’s libido, mating ability, and semen 
quality. The evaluation should include 
historical data about the medical aspects 
of the horse’s performance and breeding 
career, observations and breeding behavior 
characteristics, collection and evaluation 
of semen, tests to determine freedom 
from infectious or contagious disease, and 
production of foals free of genetic defects. 
This information should allow the examiner 
to anticipate the impact of the stallion on 
the reproductive efficiency of a group of 
mares. The breeding soundness evaluation 
should also assist farm management in 
optimizing stallion, mare, veterinary, and 
management influences on total herd 
breeding performance”(Hurtgen, 1992).
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Adapted from (Pickett et al., 1987a) 
(Pickett et al., 1989).
TSW = total scrotal width
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Characteristic (Pickett et al.,    (Dowsett and (Jasko et al.,  
                                1987b)         Pattie, 1982)  1992)

Gel-free volume 45 (30)           45 (31)  58 (24)
(ml)
Sperm concentration 335 (232)           178 (168) 173 (118)
(106)
Total sperm (109) 11.9 (9.0)           7.2 (6.9) 9.2 (5.9)
Total motility (%) -                   -  70 (17)
Progressive motility  53 (15)           72 (16)              53 (24)
(%)
Morphologically  51 (15%)           -   55 (19)
normal sperm (%)

Table 3 Means (STDEV) of stallion seminal 
characteristics reported in several studies from 
(Jasko, 1992)

Week Stallion 1 (TSW 137 mm) Sperm (billions)
  Stallion 2 (TSW 79 mm) Sperm (billions)

1  20.7   5.9
2  12.9   3.7
3  12.0   2.6
4  11.7   1.8

Table 4. Total sperm per ejaculate at 6 
collections per week in stallions with 
different total scrotal widths.
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SOUTH AFricAN eQUiNe veTeriNArY ASSOciATiON cONgreSS 2009
in order to improve the SAevA Annual congress, we ask that you spent 5 minutes answering the following questions 

Should the SAEVA maintain its policy of having the Annual Congress away from major centers?      Yes/ No

Should the SAEVA maintain the Annual Congress at 4 days?  : Stay the Same

  Longer ......days

  Shorter ......days  

Should part of the Congress occur over a weekend?   Yes/No

Should the sports/recreation afternoon be maintained?   Yes/No

Did the 2009 Congress content and presentation live up to your expectations? Yes/No

  If no, state why ____________________________________________________________________________________

Where the proceedings well presented?             Yes/No 

 If no, state why _____________________________________________________________________________________

Was your registration handled well?              Yes/No 

 If no, state why _____________________________________________________________________________________

Were the food and refreshments good?             Yes/No 

 If no, state why _____________________________________________________________________________________

Did you benefit from the trade exhibits?             Yes/No 

 If no, state why _____________________________________________________________________________________

Did you get value for your money?             Yes/No

 If no, state why _____________________________________________________________________________________

Rate the relevance and the benefits of the scientific content of the congress to the equine practitioner.   High/Moderate /low

Suggestions for future SAEVA Congresses (topics for the scientific programme)______________________________________________

_____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________

_____________________________________________________________________________________________________________
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BEST LOCAL SPEAKER         

Please give a score out of 19 in each criteria, for each Speaker,   thank you

Speaker

P
resentation

R
elationship 

w
ith A

udience

A
udiovisual/

A
ids

C
ontent

Take hom
e 

M
essage

Total S
core 

out of 50

Give each speaker a score out of 10 for each of the criteria – add them up and give the 

total

Marietjie Venter 

June Williams 

Andrew Trawford

Martin Denkhaus

James Gilkerson

Rosy Gerber

Thireshni Chetty

Thank you
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