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Practical Assisted reproduction
Technology is an amazing thing— 

especially technology that allows veterinar-
ians to produce live foals from horses with 
very poor fertility and even from those that 
have died. A number of assisted reproduc-
tive technologies (ART) for horses have 
been optimized for commercial use, and 
veterinarians discussed these in detail.

“For the equine practitioner, applica-
tion of ART can range from simply send-
ing ovaries to a laboratory after a mare’s 
untimely death to setting up complete 
oocyte and embryo culture systems in a 
practice,” began Katrin Hinrichs, DVM, 
PhD, Dipl. ACT, professor of veterinary 
physiology and pharmacology and Patsy 
Link Chair in Mare Reproductive Studies 
at Texas A&M University. She discussed 
several ART methods and techniques as 
follows.
Postmortem Shipment of Ovaries If a mare 
dies but the owner still would like foals 
from her, her ovaries can be harvested 
immediately and oocytes (egg cells) from 
them can be matured in the laboratory, 
then placed in a recipient mare for fer-
tilization and gestation (more on oocyte 
transfer in a moment). Alternatively, those 
matured oocytes can be fertilized in the lab 
(using intracytoplasmic sperm injection, 
ICSI, or injecting a sperm cell directly into 
the egg; more on this in a moment). The 
fertilized eggs are cultured in the lab and 
resulting embryos can be placed in recipi-
ent mares for gestation.

The best success rates with this meth-
od are achieved when oocytes are re-
covered less than eight hours after the 
mare’s death, said Hinrichs. She add-
ed that  ovaries recovered from mares 
 following barbiturate overdose (custom-
arily used for euthanasia) and those re-
covered from live mares under general 
anesthesia had all yielded live foals, and 
that these ovaries should be kept at body 
temperature for short trips of less than 
two hours, or at room temperature for 
longer trips. She also recommended the 

use of  high-quality semen for these oo-
cyte transfer situations, given the limited 
oocytes available.

Historically, researchers have reported 
success rates of 32% when they’ve trans-
ferred harvested oocytes into recipients 
for fertilization, noted Hinrichs. They 
achieved rates of 63% when oocytes were 
fertilized via ICSI and embryos were 
placed in recipients.

It’s also possible to harvest the oocytes 
from ovaries and ship those; Hinrichs de-
scribed the harvesting and handling pro-
cedures that she and her colleagues have 
found successful in their laboratory at 
Texas A&M.
Oocyte Recovery from Live Mares Sometimes 
a mare’s oocytes are fertile, but she can’t 
maintain a pregnancy because of uterine 
problems. For these mares, veterinarians 
can surgically harvest mature or imma-
ture oocytes for fertilization and/or trans-
fer into recipient mares. Each oocyte type 
has its advantages. It’s easier to harvest 
mature oocytes from pre-ovulatory fol-
licles, said Hinrichs, but these oocytes are 
very sensitive to temperature and other 
environmental influences; thus, shipping 
and handling can compromise their vi-
ability. In contrast, immature follicles are 
more resource-intensive to harvest and 
yields can be low, but they’re less fragile.
Oocyte Transfer This method is “currently 
the most effective method for getting a 
foal from a mare’s isolated oocyte,” said 

 Hinrichs. Some studies have reported 
pregnancy rates of up to 83% with this 
 procedure, in which a recovered oocyte 
is transferred into the oviduct of a recipi-
ent mare, then the recipient is inseminat-
ed. These success rates were achieved in 
healthy, fertile horses; she estimated that 
in practice, when subfertile horses are 
used, success rates might be around 35% 
per cycle.
In Vitro Fertilization In vitro fertilization (IVF) 
in humans, where a sperm and egg are put 
together in culture and allowed to fertilize, 
doesn’t work well in horses because the 
sperm don’t usually penetrate the egg’s out-
er covering. However, Hinrichs described 
one IVF study in which researchers found 
that inducing hyperactive sperm movement 
resulted in a 60% fertilization rate, thus 
“opening up an exciting area for further 
investigation in equine IVF,” commented 
Hinrichs. Although embryos have not de-
veloped after fertilization with this strategy, 
researchers continue to work on it.

“Establishment of effective methods 
for standard IVF would allow use of this 
ART in many equine practices, because it 
alleviates the need for micromanipulation 
equipment and associated expertise,” said 
Hinrichs.
Intracytoplasmic Sperm Injection (ICSI) As 
mentioned earlier, this technique involves 
injecting a single sperm into an oocyte in 
the laboratory, and is thus useful when 
fertilizing harvested oocytes and/or when 
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Texas A&M researchers have biopsied equine embryos successfully for genetic testing; these embryos 
have normal pregnancy rates and can be frozen for storage more effectively than in the past. 
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only a limited amount of viable sperm is 
available for use (such as when there are 
limited quantities available, or the stallion 
is subfertile or deceased). Fresh and fro-
zen semen can be used.

Typically, 20 to 35% of oocytes subject-
ed to ICSI produce embryos that can be 
transferred. Pregnancy rates after transfer 
of embryos produced with this procedure 
have increased with improved embryo cul-
ture conditions, and they were as high as 
83% in one report. Although no published 
reports exist on the health of foals pro-
duced with ICSI, Hinrichs reported that 
Texas A&M-produced ICSI foals were all 
normal and healthy from birth.
Cloning (Nuclear Transfer) Only four labo-
ratories have reported the birth of foals 
produced by cloning of cells from adult 
horses. Cloning involves harvesting a 
small piece of subcutaneous tissue from 
a donor animal using sterile techniques, 
removing the nucleus (genetic material) 
from one of the cells, and transferring 
the material into an oocyte that has had 

its genetic material removed. Pregnancy 
rates approach that of normal breeding 
methods, although about half those em-
bryos are lost throughout gestation, said 
Hinrichs. She estimated that in her lab 
about 30% of transferred cloned embryos 
produce live foals, which is “very efficient 
compared to other species.”

While many think of cloning as a way 
to reproduce a proven performance horse, 
Hinrichs reported that cloned foals have a 
higher incidence of health problems such 
as maladjustment and contracted tendons 
just after birth (which could affect adult 
athletic ability), and as such they might be 
best used as breeding animals rather than 
performance ones.

Another factor in cloning is that al-
though some breed and competitive as-
sociations will accept cloned foals as 
competitors, most breed registries won’t 
register cloned foals largely because of 
a mitochondria issue. Mitochondria are 
tiny organelles within cells that synthesize 
energy to carry out the cell’s functions, 

explained Hinrichs, and they come from 
the oocyte that receives the donor’s genet-
ic material. Those mitochondria could be 
from any breed of horse, and variation in 
mitochondria from the donor’s mitochon-
dria could theoretically offer variations in 
growth, stamina, and possibly other traits 
compared to the original animal. “No real 
information is available on the effect of 
mitochondrial origin in the horse,” Hin-
richs added.

This is an issue for cloned mares, but 
not for stallions, because mares will pass 
on their mitochondria via their oocytes, 
whereas stallions will not. Texas A&M re-
searchers are currently studying cloning 
using oocytes from mares of the same ma-
ternal line as the genetic material donor, 
reported Hinrichs.

“That way you’d get a foal with the same 
mitochondria as the original horse,” she 
explained.
Embryo Biopsy for Genetic Testing If an 
embryo is being handled in the lab, why 
not test it for genetic diseases (such as 
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hyperkalemic periodic paralysis (HYPP) 
or hereditary regional dermal asthenia 
(HERDA) before putting it in a recipient 
mare that will carry it to term? Hinrichs 
reported that Texas A&M researchers have 
recently published a description of a tech-
nique whereby embryos are biopsied for 
testing, and the embryo recipients still 
have a normal pregnancy rate of 83%. 
Foals born from biopsied embryos were 
normal, she added.

“This technique should allow horse 
breeders to avoid the production of in-
dividuals affected with these devastating 
genetic diseases,” she said. “We anticipate 
that this technique will allow for the even-
tual elimination of these diseases from the 
industry altogether.”

So far, the researchers have had about 
a 75% success rate in detecting genetic 
disease with this method, which is techni-
cally challenging to perform on just a few 
cells. “This is not yet clinically applicable; 
75% accuracy is not accurate enough yet 
for me,” Hinrichs commented.

Embryos might be implanted before test 
results are complete, but the test  results might 
lead a producer to  terminate a  pregnancy if 
the foal is diseased. Or,  alternatively, the em-
bryo can be preserved  using the last proce-
dure Hinrichs  discussed —vitrification, or 
freezing for storage.
Embryo Freezing (Vitrification) Although 
veterinarians have been freezing small 
embryos successfully for many years, their 
efforts at freezing larger embryos have not 
fared as well, Hinrichs reported. However, 
in the course of researching embryo bi-
opsy, Texas A&M University researchers 
discovered that large biopsied embryos 
had good survival rates after freezing, and 
their implantation resulted in pregnancy 
rates greater than 50%.

“It is possible that blastocyst collapse 
(collapse of the rounded embryo’s shape 
when cells were removed and less fluid 
was contained inside) may allow even 
standard cryopreservation procedures to 
be performed; this is a currently develop-
ing area,” said Hinrichs.

“The year 2010 brings to an end a decade 
of amazing progress in equine ART,” she 
concluded. “The next decade should show 
a notable increase in efficiency and acces-
sibility of many equine ART  procedures.”

Nature vs. Nurture
The phrase “nature vs. nurture” is usually 

used to refer to the debate over which has 
a greater impact on a person’s personal-
ity and preferences—genetics or environ-
ment/rearing. But for this article, we’ll use 
it in the context of fetal programming, or 
what makes a foal develop into a physical-
ly healthy (or not so healthy) horse. Hint: 
Nature and nurture in this case are sci-
entifically proven to be intertwined, with 
nurture (environment) affecting genetic 
expression even in later generations and 
genetics obviously controlling much of a 
young horse’s development.

“The athletic performance of horses may 
be highly susceptible to fetal program-
ming,” said Carey Satterfield, PhD, assis-
tant professor of animal science at Texas 
A&M University. Thus, our management 
of the pregnant mare and young foal could 
help that foal run faster, spin harder, and/or 
jump higher as an adult —or the  opposite.

Satterfield delivered an in-depth talk on 
the relatively new (to horses) field of epige-
netics, or the study of changes in physical 

characteristics occurring independently of 
genetic changes. To date, few epigenetic 
studies have focused on horses, but the 
bit of research that exists, plus findings 
in other species, have opened the door to 
a universe of possibilities—both helpful 
and harmful—for manipulating the physi-
cal characteristics of our children and the 
animals we raise.
How Nurture Affects Nature “The question 
of nature vs. nurture is unanswerable,” 
stated Satterfield at the convention. “Na-
ture and nurture can’t be separated be-
cause nurturing can alter gene expression 
(nature).”

That doesn’t mean that hot weather 
or nutrition changes alter a person’s or 
 animal’s genetic code or DNA; rather, a 
variety of conditions can change how the 
organism “uses” its DNA. The genetic code 

is unchangeable, but various genes within 
it are “switched on or off” to generate ap-
propriate proteins as needed. For exam-
ple, genes that control the development 
of bones, manes/tails, or internal organs 
switch on at the right time during gesta-
tion to create those structures, then switch 
off once they have done their jobs.

Another way to look at DNA vs. gene ex-
pression is to consider that every cell in an 
organism has the exact same DNA (organ 
transplants aside), but hoof and heart tis-
sue, for example, are clearly very different. 
Why? Because different genes within that 
DNA are switched on in each tissue type.

Genes switch on and off in response to a 
host of factors (such as injury, disease, or 
change in diet), in all ages of individuals. 
However, the younger the organism, the 
more flexible or “plastic” its gene expres-
sion is. “The embryonic state is the most 
plastic one,” explained Satterfield. “With 
increasing age, plasticity decreases. Adults 
are pretty set in stone, but the fetus is very 
plastic and can adapt to its environment. 
Plasticity continues until weaning.

“The fetus seeks cues to its environment, 
so it can develop to provide the phenotype 
(physical characteristics) it needs to maxi-
mize its survival once it’s born (fetal pro-
gramming),” he went on. “The adaptive 
process is rooted in evolution and likely 
intended to provide an advantage to the 
fetus after birth. The problem is when the 
external environment is improperly pre-
dicted, then the offspring develops adult 
disease (because it developed to match an 
environment it doesn’t live in).

“For example, a poorly nourished fe-
tus would predict that nutrient availabil-
ity will be scarce later in life and develop 
an extremely efficient metabolism,” he 
continued. “If, in fact, the nutrient avail-
ability is high later in life, this metabolic 
 efficiency would result in the deposition of 
fat. Indeed, some horses are described as 
‘easy keepers’—a ‘condition’ that may re-
sult from the metabolic programming of 
the fetus in utero.

“Equine conditions such as obesity, 
metabolic syndrome, and laminitis could 
all have fetal origins,” he commented.

Another aspect of fetal programming is 
that timing is everything, Satterfield said. 
“Not all organs grow at the same time or 
at the same rate,” he explained. “The same 
environmental cue can have very differ-
ent responses depending on the timing of 
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 administration to the fetus.”
Research in Other Species Satterfield de-
scribed several studies in humans, sheep, 
and rats to illustrate the impacts of fe-
tal programming on later health. Many 
studies focus on undernutrition, because 
as he noted, “In livestock, drought dur-
ing gestation is the most common cause 
of a mismatched prenatal and postnatal 
 environment.”
■  Human mothers who gave birth during 

the Dutch potato famine (mid-1940s) 
had smaller offspring than normal, and 
females born to those mothers also had 
smaller offspring than normal despite 
healthy diets, suggesting a heritable epi-
genetic alteration.

■  Mothers exposed to famine (in general) 
have children who are predisposed to 
diabetes, obesity, cardiovascular disease, 
microalbuminuria (a kidney problem), 
schizophrenia, other neurologic disor-
ders, higher cholesterol, and reduced 
growth (height).

■  Rats fed low-protein diets gave birth to 
pups who had increased systolic blood 
pressure (the first/higher number in a 
blood pressure reading) compared to 
controls. Pups of those offspring also 
had higher blood pressure than controls 
(whether one or both grandparents had 
had low-protein diets).

■  Reduced or low birth weight has been 
correlated with increased risk of death 
from adult coronary heart disease in 
men and women.

■  Fetal programming effects can vary with 
gender as well; one study found that 
ewes fed diets deficient in methionine 
(an amino acid) for 30 days had male 
lambs with higher resting blood pres-
sure at one year of age; females did not 
have abnormal blood pressure. “It is im-
perative that we use caution when giv-
ing nutritional supplements to pregnant 
mares, because using an inappropriate 
type, dose, or combination may have 
permanent consequences on the devel-
oping fetus,” Satterfield commented.

■  Also in sheep, one study compared three 
groups of initially obese ewes: One with 
an ad libitum (unrestricted) diet dur-
ing pregnancy, one on an initially unre-
stricted diet followed by a diet with 65% 
of the recommended calories (to simu-
late obese women losing weight during 
pregnancy), and one fed at 100% of rec-
ommended calories during  gestation. 

The ewes on the heavily restricted diet 
lost weight quickly at the beginning, 
then more slowly, and had significantly 
lighter offspring than the other groups. 
The lambs of obese ewes on unrestrict-
ed diets weighed the same as those on 
the recommended diet at birth, but had 
50% more lipid (fat) content in their 
bodies and thus less muscle. After birth 
they also grew more slowly.

■  Behavioral characteristics can be modi-
fied and inherited as well; Satterfield dis-
cussed a study in which     licking/ grooming 
(LG) behavior of mother rats towards 
pups in their first week of life could 
be modified by changing the amount 
of methionine in the diet or by adding 
stress to the environment. Changes in 
licking/grooming behavior were found 
to be passed to offspring, suggesting that 
an animals’ behavior and response to 
behavior modification (i.e., training of 
horses) could be affected by the genetic 
results of the mother’s experiences.

■  Additionally, female pups of low-LG 
mothers were found to have higher lev-
els of sexual receptivity. If these findings 
are extended to horses, Satterfield com-
mented, “Perhaps increased mothering 
could serve as a preventive treatment 
for later heat-related behavior that in-
terferes with a filly’s performance.”

■  Finally, pups of rats fed high-fat di-
ets had altered cardiovascular (heart/ 
circulatory system) function and insulin 
resistance at one year of age. Satterfield 

notes that similar research is currently 
in progress on horses at Texas A&M.

Research in Horses Although epigenetic 
research in the horse is sparse, Satterfield 
discussed a few studies on point. First, the 
mare is well known for her ability to con-
trol the size of her fetus, noted Satterfield; 
in previous studies, Thoroughbred embry-
os have been implanted in pony mares and 
vice versa. The pony mares bore 37% small-
er Thoroughbred foals than Thoroughbred 
mares, while Thoroughbred mares bore 
more than 50% larger pony foals than the 
pony mares. The differences in size with 
breed of the recipient mare continued to be 
apparent several months after foaling, and 
show the effects of recipient mare choice 
on fetal size/postnatal development—this 
is useful information to keep in mind when 
planning embryo transfer.

He also mentioned a study in which 
foals from mares on high-starch diets had 
lower insulin sensitivity (a factor in meta-
bolic disease) through 160 days of age than 
foals from mares on low-starch diets.

“Epigenetic changes are likely to play an 
important role in later health and disease, 
and they can occur in response to transient 
environmental influences,” he concluded. 
“We really don’t know how long exposure 
has to be (to have an effect on the foal), 
but at different times the same factor can 
have different impacts. Much more work 
is needed.

“Now that you’re aware of it, start look-
ing for this epidemiological evidence and 
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According to Satterfield, nature and nurture can’t be separated because nurturing can alter gene 
expressions (nature).
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bring it to those of us who can test it ex-
perimentally and answer the questions,” 
he urged the veterinarians in attendance.

subfertile Breeding stallions: 
Management strategies

“Stallions do not become sires because 
of reproductive capability,” began Dickson 
Varner, DVM, MS, Dipl. ACT, professor 
of large animal medicine and surgery at 
Texas A&M University. “They’re selected 
based on performance, pedigree, and con-
formation—reproductive ability is last. 
The equine breeding industry abounds 
with stallions whose level of fertility is less 
than optimal.”

Varner discussed several cases of breed-
ing stallion subfertility, along with semen 
and breeding management strategies 
that effectively increased those stallions’ 
fertility. Some involved live cover pro-
grams, while others involved artificial 
 insemination.

“Are we acting unethically when we en-
hance fertility in stallions?” he asked the 
audience. “It’s not a black and white issue. 
It is difficult at present, except in isolated 
circumstances, to differentiate between 
heritable and nonheritable causes of re-
duced fertility.”

The first step in improving breeding 
stallion fertility, he said, is to assess a stal-
lion’s breeding records to discover the 
circumstances that result in low fertility. 
The problem could be with the stallion, 
mares, and/or their management. In the 
case of the mares, for example, he refer-
enced one stallion that had above-average 
pregnancy rates per cycle for maiden and 
foaling mares, but lower rates for barren 
mares (which clearly had lower fertility). 
That latter group could lead you to under-
estimate the stallion’s fertility if you didn’t 
analyze the mares as well as the stallion.

Management factors can also come into 
play, and they might depend on the stal-
lion. For example, he described a compari-
son of two stallions, one with a pregnancy 
rate that increased with increasing num-
bers of covers in a day. The other stallion 
had lower pregnancy rates with increasing 
number of covers in a day and higher preg-
nancy rates after periods of sexual rest.

“For the first stallion, the more you 
breed him the better he gets —you’d want 
to have a large book of mares and keep 
some test mares around for him to breed if 
there are no commercial mares available,” 

Varner explained. “The second would do 
better with a smaller book.”

Other techniques to improve fertility in 
live cover programs include:
■  Breeding stallions to test mares in the 

off season, as many stallions have lower 
fertility after extended periods of sexual 
rest.

■  Using reinforcement breeding (col-
lecting a dismount semen sample, 
 filtering/extending it, and placing this 
in the mare immediately). Some stal-
lions tend to dismount early, and this 
can help those stallions considerably 
(if permitted by the registering organi-
zation). This practice also helped one 
stallion’s pregnancy rate following a 
kick in the groin, until he recovered 
from that injury. “Overall, it  appears 
that reinforcement breeding can 
 improve pregnancy rates in approxi-
mately 60% of Thoroughbred stallions, 
given the experimental figures avail-
able,” Varner commented.

Tips for AI Programs For breeds whose reg-
istries allow artificial insemination, there 
are a few techniques that can improve stal-
lion fertility; Varner focused on centrifu-
gation of sperm and deep-horn low-dose 
insemination techniques.

When semen is collected for artificial 
insemination, it is often centrifuged (spun 
for a short time) to increase the concentra-
tion of semen in the end of the tube and 

thus maximize sperm harvest, as Varner 
put it. The downside is that sperm can be 
damaged by this practice, so methods that 
maximize sperm quality and recovery rates 
would be ideal. One point he made was 
that discussions of centrifugation tech-
nique should focus on centrifugal forces, 
not revolutions per minute, as differently 
sized centrifuges will yield different forces 
even if spinning at the same RPMs.

Another point was that conical-bottom 
and nipple-bottom tubes can both be ef-
fective for centrifugation, but Varner rec-
ommended that nipple-bottom tubes be 
used when sperm numbers are low or 
when more seminal plasma needs to be 
removed.

He also described some cushioned cen-
trifugation strategies that use a cushion 
medium in the tube, which is “like a little 
trampoline” that cushions the sperm at the 
bottom of the tube during centrifugation 
rather than allowing them to be crushed 
or suffer concussive injury.

Next, he discussed discontinuous den-
sity gradient usage during centrifugation, 
a process which helps separate sperm that 
are damaged from those that aren’t. The 
end result, Varner reported, is improved 
quality of recovered semen; this has been 
helpful in commercial situations as well as 
experimental ones.

Finally, he discussed deep-horn, low-
dose insemination techniques, which  offer 
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The first step in improving breeding stallion fertility is to assess a stallion’s breeding records.
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the potential to breed more mares per 
collection by using a dose of semen that 
can be 200-500 times smaller (in terms 
of sperm numbers) than a typical dose. 
This smaller dose is placed at the tip of 
the uterine horn with a dominant follicle 
rather than in the uterine body.

“Breeding and semen-manipulation 
strategies can be applied to maximize the 
fertility of these stallions and to extend 
their productive lives,” he concluded. 

embryo recovery Procedures and 
Collection success: a review

Since the first live foal produced by em-
bryo transfer was born in 1974, the proce-
dure has become one of the most popular 
assisted reproduction options for breeders 
with mares who are valuable or for mares 
that are to remain in competition.

Patrick M. McCue, DVM, PhD, Dipl. 
ACT, associate professor of equine sci-
ence at Colorado State University (CSU), 
reviewed the results of more than 490 
embryo recovery procedures performed 
at CSU between 2004 and 2008. He dis-
cussed the flush techniques commonly 
used and the success rates of retrieving 
embryos from mares of various ages and 
reproductive status.

According to McCue, a majority of em-
bryo flush procedures are attempted at 
Day 7 or 8 after ovulation. Flushes may be 
performed on Day 6 or early on Day 7 in 
an attempt to recover small embryos for 
cryopreservation (freezing). He typically 
uses four liters of fluid in an initial series 
of flushes, and he proceeds with another 
liter or two if an embryo isn’t recovered 
during the first round. 

The average embryo collection success 
rate of young mares (<15 years of age) was 
57.1%, while the embryo recovery rate of 
older mares (≥15 years of age) was 39.4%. 
In addition, he noted that embryo collec-
tion success was significantly lower in 
mares that experienced prolonged uterine 
inflammation after mating (i.e., a pro-
longed period of fluid accumulation).

The vast majority of mares were flushed 
on one day only. However, the group per-
formed a re-flush the next day on 31 mares 
if no embryos were recovered on the first 
attempt. Embryos were recovered on only 
three of the next-day flush attempts and 
a majority of the next-day flushes had 
uterine debris present. Based on the low 
recovery rate, it was recommended to only 

perform an additional flush the next day if 
the mare was not going to be available for 
another embryo transfer cycle.  

McCue and his team recovered a total of 
257 embryos during the study. More than 
97% of those embryos were recovered in 
“excellent” or “good” condition. Only six 
embryos were recovered in “poor” condi-
tion. McCue noted that it’s rare to retrieve 
an embryo from a mare that was in “poor” 
condition or one that is not viable since 
most of these embryos are likely retained 
in the oviduct.

Additionally, he noted that mares bred 
with cooled semen had a 51.9% recovery 
rate, and mares bred with frozen semen 
had a 33.3% recovery rate. It was interest-
ing to note that embryos recovered from 

mares bred with frozen semen were slight-
ly smaller than embryos recovered from 
cycles in which mares were bred with ei-
ther fresh or cooled-transported semen.

Finally, McCue said that the team re-
covered three unfertilized oocytes (eggs) 
out of the 490 flushes performed, and in 
one case a fertilized embryo was recovered 
with an unfertilized oocyte. In the horse, 
unfertilized oocytes are usually retained 
in the oviduct, while fertilized embryos 
produce a special type of prostaglandin 
(PGE2) that allows the transport of the em-
bryo down the oviduct and into the uterus. 
Recovery of an unfertilized oocyte usually 
means that it was transported down the 
oviduct along with a viable embryo and 
that a viable embryo should be present.

stallionlike Behavior in Mares
Stallions are commonly known to be 

feisty, fresh, and sometimes difficult to 
handle, largely attributable to the testos-
terone coursing through their bodies. But 
when mares begin to display aggressive 
or stallionlike behavior, the reason for the 

atypical behavior can be less obvious.
Monica Morganti, DVM, a resident in 

veterinary medicine at the University of 
California, Davis, presented a study in 
which she examined the role the adrenal 
glands play in causing mares to exhibit 
stallionlike behavior.

The stallionlike behaviors that mares 
sometimes exhibit include stallionlike vo-
calizations, aggressive attitudes towards 
handlers and other horses, and regular 
performance of the flehmen response. 
These mares may also have elevated tes-
tosterone levels.

Along with a team of colleagues, Mor-
ganti set out to determine if the adrenal 
glands have an effect on testosterone 
levels in mares that display stallionlike 
 behavior.

The team tested levels of blood serum 
cortisol, a substance primarily produced 
by the adrenal gland, in 24 control mares 
and 29 mares with elevated testosterone 
levels. All of the mares studied had a his-
tory of displaying aggressive or stallionlike 
behavior. Before testing, Morganti and 
her colleagues ensured none of the mares 
were pregnant, and they ruled out granu-
lose-theca cell tumors in the mares (a type 
of ovarian tumor and the most common 
cause of stallionlike behavior in mares).

The team analyzed their results and 
found that mares with elevated testoster-
one levels also had higher serum levels of 
cortisol. They also noted that there was a 
moderate correlation between serum levels 
of cortisol and testosterone in both groups 
of mares, meaning that the control mares 
had lower levels of both substances.

According to Morganti, the data col-
lected suggest that the adrenal gland (spe-
cifically the adrenal cortex) could increase 
both testosterone and cortisol levels in 
mares, leading to aggressive or stallionlike 
behavior. There are no treatment options 
currently available. Morganti also added 
that stress in mares could add to the ag-
gressive behavior.

ovarian response to Injectable 
Deslorelin During Anestrus

Most breeders meticulously plan out 
every detail of breeding a mare. But some-
times things don’t go quite according to 
plan. Suppose, for example, as breeding 
season approaches, the clinically breeding-
sound mare is anestrus (she doesn’t show 
an estrous cycle and, thus, she’s difficult to 

 Breeding and semen-
manipulation strategies 

can be applied to maximize 
the fertility of these stal-
lions and to extend their 

productive lives. 
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performance affected the live foal rate, 
Sheerin said differences were not related 
to veterinary experience. He also noted 
that “mare populations may have impact-
ed these results, with experienced practi-
tioners being referred difficult cases.”

Mare age also impacted twin reduction 
procedures. Sheerin found that mares 
older than 15 years of age had lower live 
foaling rates (66.2%) after undergoing a 
reduction procedure than younger mares 
(83.2%).

Finally, the drugs used to treat the mares 
after they underwent a reduction proce-
dure seemed to impact foaling rates, said 
Sheerin. He explained that mares treated 
with flunixin meglumine (Banamine) and 
progesterone had foaling rates of 84%. 
Mares treated with other drug combina-
tions had a live foal rate of 84%, and mares 
not treated with drugs had a live foal rate 
of 77%.

With this new research on twin reduc-
tion procedures, owners can feel confident 
that their mare with a twin pregnancy can 
undergo a successful reduction procedure 
and give birth to a healthy foal.

Determining Fetal Gender:  
Practice Makes Perfect

For nearly 20 years, veterinarians have 
been determining fetal gender using 
 transrectal ultrasound. While it’s exciting 
for a mare owner to know the sex of the 
new addition before it arrives, just how ac-
curate are these ultrasound procedures?

According to Italian field veterinarian 
Marco Livini, DVM, of Veterinari Asso-
ciati Ippovet, in Milan, these transrectal 
ultrasounds can be up to 100% accurate 
in determining fetal sex when practiced 
on a regular basis at a determined gesta-
tional age. 

Livini performed 572 transrectal ultra-
sounds between 2006 and 2008, categoriz-
ing each by gender between 55 and 70 days 
of gestation, and between 90 and 150 days 
of gestation. The mares Livini examined 
were of a variety of breeds and ranged in 
age from 3 to 18 years.

By focusing on certain anatomical parts 
for the 55- to 70-day ultrasounds and 
certain parts for the 90- to 150-day ultra-
sounds, Livini found it was relatively easy 
to determine fetal sex. Between 90-150 
days of gestation, in female fetuses, the 
“target organs” that Livini focuses on are 
the teats and the mammary glands, the 

impregnate). What now?
According to Farhad Ghasemi, DVM, a 

resident in theriogenology at the Univer-
sity of Saskatchewan, injectable deslorelin 
(which is currently used to induce ovula-
tion in mares during the breeding sea-
son) might be the answer to this problem. 
Ghasemi presented the results of his recent 
study, which aimed at determining what 
effect the drug had on anestrus mares.

Ghasemi and colleagues examined a 
group of 16 anestrus mares, aged 3 years 
to 20 years. The mares were considered 
anestrus after an ultrasound confirmed 
that no luteal tissue or ovarian follicles 
larger than 21 mm were present for more 
than two weeks (luteal tissue forms when 
the ovarian follicle converts into a structure 
called the corpus luteum after  discharging 
an egg, and follicles become larger as they 
are getting ready to discharge an egg). The 
team divided the mares into two groups 
of eight: one group received water-soluble 
deslorelin twice daily for up to 14 days, 
and the other received a placebo. When 
a mare had a 35-mm follicle, hCG (a hor-
mone that helps stimulate ovulation in 
mares) was administered.

According to Ghasemi, seven of the 
eight mares in the deslorelin group devel-
oped follicles larger than 35 mm, and 50% 
ovulated, achieving pregnancy rates of 
37.5%. No control mares developed large 
follicles or ovulated. He added that the 
average deslorelin treatment before mares 
developed larger follicles was 12 days.

Ghasemi added that after a mare is 
brought out of anestrus, there is a chance 
that she will return to anestrus if she 
doesn’t become pregnant. He also added 
that mares with naturally smaller fol-
licles might be less likely to respond to 
 deslorelin.

This treatment may be an option for 
mares’ owners who want to breed their 
mares out of season, but do not want to 
use artificial lighting programs that take 
more than 60 days. More research may 
fine-tune the protocol and make it more 
successful, Ghasemi said.

Manual reduction of Twins: 
effect of operator, Mare Age, and 
 Treatment Drugs

While a mare with twins by her side 
is rare and sometimes celebrated, twin-
ning in horses is actually dangerous for 
the mare, especially during delivery. More 

 often than not, one of the twins, generally 
the smaller and weaker of the two, will die 
before birth. In fact, the chances of a mare 
carrying twins to term and delivering them 
successfully are about one in 10,000.

The manual reduction of one embryo in 
mares in the very early stages of carrying 
twins is a practice that was introduced to 
the breeding community in 2006 (the tech-
nique was first described in the ’80s along 
with the increased use of the ultrasound to 
detect twin pregnancies), and since then it 
has become a common practice in man-
aging twin cases. Pete C. Sheerin, DVM, 
Dipl. ACT, reviewed a study he conducted 
on manual twin reduction. Sheerin, a re-
production specialist who carried out his 
study at Rood & Riddle Equine Hospital, 
in Lexington, Ky., examined whether the 
performance of the veterinarian, the drug 
treatment used, or the mare’s age impact-
ed the procedure’s success rate.

In his retrospective approach Sheerin 
used the medical records of mares that un-
derwent twin reduction at Rood & Riddle. 
The procedures were performed between 
Days 13 and 20 of gestation. Sheerin ex-
plained that mares from the same farms 
that had only one embryo served as con-
trols in the study. He noted the mares’ ages 
(which ranged from 3 to 24 years), the vet-
erinarian who performed the procedure 
(14 veterinarians total), and the combina-
tion of drugs that were used on the mares 
(22 combinations).

Sheerin said the mares that had un-
dergone a twin reduction treatment had 
a marginally lower live foal rate (80.3%) 
than those mares that carried a single foal 
since the beginning of their pregnancy 
(86.7%). There was no difference in the 
live foal percentage of the mares that un-
derwent a reduction from Day 13 to 16 of 
gestation than those undergoing the pro-
cedure between Days 17 and 20.

Although the individual veterinarian’s 

Mare older than 15 years 
of age had lower live foal-

ing rates (66.2%) after 
undergoing a reduction 
procedure than younger 

mares (83.2%).
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vulva, the clitoris, and the gonads. In male 
fetuses, Livini suggests focusing on the pe-
nis and prepuce, the urethra, the epididymis 
and vascular pedicle, and the gonads.

He was able to correctly determine 203 
fetal genders out of 232 examinations 
between 55 and 70 days of gestation. He 
made 24 more after longer examination 
of the ultrasound (Livini implemented a 
150-second time limit for his determina-
tions), and five of his determinations were 
incorrect.

Livini performed 341 transrectal ultra-
sounds on mares between 90 and 150 days 
of gestation and was correct in 299 deter-
minations. Only one fetus was incorrectly 
labeled. According to the study, he did not 
determine the genders of the other 41 fe-
tuses within the 150-second time limit.

Further analysis of his data revealed 
that Livini was able to correctly identify 
100% of the fetus’ sexes between 110 and 
130 days of gestation.

“The aim of the … work is to show that 
transrectal ultrasound determination of 
fetal gender between 55 and 75 (days ges-
tation) and 90 and 150 days of gestation 
can be accomplished in a timely manner 
in routine stud practice even at the peak of 
the breeding season, if the veterinarian is 
experienced in reproductive ultrasonogra-
phy,” Livini wrote.

Uterine Ultrasound, Cytology 
helpful in Pinpointing Pathogens

When it comes to a mare’s uterus, ultra-
sound examination and cytology (exami-
nation of cells under a microscope) can 
give a veterinarian a pretty good picture of 
what’s going on inside that could be con-
founding conception. However, comparing 
these results to culture (testing of samples 
for pathogens) helped researchers on a re-
cent study link specific bacteria with cer-
tain uterine signs, which ultimately could 
help veterinarians predict more accurately 
what pathogens could be at play in prob-
lem breeders. 

Modesty D. Burleson, VMD, formerly an 
associate of Rood & Riddle Equine Hospi-
tal and presently resident veterinarian at 
Spy Coast Farm in Lexington, Ky., and col-
leagues performed a retrospective study to 
determine the relationships between micro-
organisms isolated from the uterus, cytol-
ogy findings, and ultrasonographic findings 
in Thoroughbred mares during estrus.

The team reviewed 670 positive 

 endometrial culture samples from 410 
Thoroughbred mares in Central Kentucky. 
Mares were examined by either Michelle 
LeBlanc, DVM, Dipl. ACT, or Tom Riddle, 
DVM. The corresponding cytology and 
ultrasonographic results from the repro-
duction examination were recorded to de-
termine relationships between organisms 
and diagnostics tests. The cultures were 
obtained by either culture swab (n=453) 
or by small volume flush (n=217).

Burleson and her colleagues uncovered 
the following key findings:
■  ß-Streptococcus and E. coli were the most 

common pathogens isolated on both the 
culture swab (28.3% of the time) and 
small volume flush (20.5% of the time); 

■  Mares with intrauterine fluid (fluid in 
the uterus detectable on ultrasound, 
which is generally a sign of irritation, 
contamination, or infection) were 1.4 
times more likely to have moderate to 
severe inflammatory cytology results 
than those with mild or no inflam-
mation. Greater than five neutrophils 
(white blood cells capable of engulf-
ing and destroying bacteria and other 
disease agents) per high power field 
under the microscope indicated severe 
inflammation;

■  Mares with positive cultures for ß- 
Streptococcus, Klebsiella spp, and yeast 
were more likely to have  intrauterine 
fluid present. Fluid was less likely 
to be seen when Enterobacter cloa-
cae, E. coli, Staphylococcus aureus, 

 Pseudomonas, two or more organisms, 
or  non-pathogens (Bacillus, Micrococ-
cus, or α-Strep) were isolated;

■  Mares with positive cultures for yeast, 
Klebsiella spp., ß-Streptococcus, and non-
pathogens were more likely to have posi-
tive cytology results with greater than two 
neutrophils per high power field; and 

■  Moderate to heavy debris on cytology 
was more likely to be seen when, yeast, 
non-pathogens, E. coli, ß- Streptococcus, 
or two or more organisms, were isolated 
on culture. 
Intra-uterine fluid was associated more 

commonly with moderate to severe in-
flammatory cytology results than with iso-
lation of a specific micro-organism. The 
presence of intrauterine fluid, which is an 
indicator of inflammation, was most com-
monly associated with ß-Streptococcus, E. 
coli, and other gram-negative bacteria.

“Two of the common dogmas in the 
world of reproduction were found to be 
not true in all cases,” Burleson noted. 
“First, a bacterial or yeast infection must 
be associated with intra-uterine fluid. And 
second, if bacteria are isolated on culture 
and the cytology is negative, the isolate is 
considered to be a contaminant.” h

More oNLINe  See TheHorse.com/AAEP2010  
■  Watch the Reproduction: Short Presentations 

video, TheHorse.com/Video.aspx?vID=487
■  Watch the In Depth: Reproduction in Horses 

video, TheHorse.com/Video.aspx?vID=481.
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Transrectal ultrasounds can be up to 100% accurate in determining fetal sex when pracitced on a 
regular basis at a determiend gestational age.


