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Researchers at Colorado State University (CSU) make
it their mission to tackle questions about what they
can do to help continue the cycle of life for some of
the best mares and stallions in the industry. ST
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VERYWINTER STALLIONS ENTER BREEDING SHEDS ACROSS THE COUNTRYWITH

owners’ hopes of producing the next Spooks Gotta Whiz, HF Mob-
ster, or Wimpys Little Step. Eleven months later mare owners wait
with baited breath to see what possibly months or years of plan-
ning has produced. Four long legs, a fluffy mane and tail, and a
soft nose to nuzzle for milk can carry so much promise.

However, sometimes breeding isn’t as easy as just matching a mare to a stal-
lion and waiting for the result. Some difficulties might make things a little
more challenging—whether the mare is too old or the stallion can’t produce
enough viable sperm, it can truly affect the value of any breeding program.
Researchers at Colorado State University (CSU) make it their mission to tackle
questions about what they can do to help continue the cycle of life for some
of the best mares and stallions in the industry.

The Timeless Broodmare 
While there are vast differences between the human female and the equine fe-
male, researchers at CSU see a lot of similarities between the two species that
have helped spur their studies. 
As with humans, one of the biggest concerns for the breeder is the age of

the broodmare. While the older mare may still have a healthy reproductive
tract, it’s her egg and its ability to develop into an embryo that is the concern.
As the mare enters into her later teens and her twenties, her fertility will start
to decline, thus, more attention should be paid to her reproductive health and
owners should start looking for ways to help. Elaine Carnevale, DVM, PhD,
associate professor at CSU, has been studying assisted equine reproduction
and the problem mare.
When a woman is older than 35, there is a notable difference in the ability

of the chromosomes to separate properly in the oocyte (egg), causing a poten-
tial for chromosomal problems upon the infant’s birth or pregnancy loss. The
same is true in a mare, except instead of carrying to full-term, there is a higher
rate of embryo loss. “And that starts early after fertilization and often before
we can diagnose the pregnancy in the uterus,” explains Dr. Carnevale. 
“The bad thing is that it’s occurring, but the potentially hopeful thing is that

a lot of what is occurring involves mechanical aspects of the egg—the protein
that helps pull chromosomes apart and the energy needed for that process—
so we’re hoping to work in concert with some of the human reproductive spe-
cialists to try treatments that may help correct some of these problems.”
To combat these problems, researchers are collecting the egg from the mare,

fertilizing the egg with the stallion’s sperm, and keeping both the egg and embryo
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in a culture with specific and special conditions. This process
has made researchers hopeful that they can help how these em-
bryos are developing so there is normal offspring or even off-
spring at all. “Basically we’re trying to help mares produce
healthy offspring as they’re getting older,” says Dr. Carnevale.
Studies like these are encouraging to mare owners who

might want to extend the horse’s performance or breeding ca-
reer a little longer, if embryo transfer isn’t a possibility.
The university works with a wide range of ages for the prob-

lem mare, but Dr. Carenvale works a lot with the oldest of the
mares in their twenties. 
Another area that researchers are looking at for mares is

combating bacterial and fungal infections. While preparing
for breeding season, cultures are recommended on brood-
mares to check for any potential problems such as these in-
fections. Patrick McCue, DVM, PhD, Dipl. ACT, professor of
equine theriogenology at CSU, has been working on research
to help speed up the process of the culture for mares. “A nor-
mal culture, if we took a swab from a mare and applied tradi-
tional culture procedures using a microbiological agar will
take anywhere from 24 to 72 hours or more to determine if
there is bacterial infection present,” he explains.
Researchers at CSU are using the polymerase chain reaction

(PCR) test, which is technology in molecular biology that can
amplify just a small amount of DNA to help with the detection
of bacterial and fungal organisms. Dr. McCue explains that a
PCR diagnostic test is a very sensitive test that can determine
the presence or absence of bacterial or fungal DNA in the
mare’s uterus in a short amount of time. Compared to using a
normal culture with a wait time of one to three days, the PCR
test can provide an answer within two hours. This quick de-
tection can mean sooner treatment and consequently a better
chance of getting the mare in foal and carrying the foal to term. 

“(Using the older approach,) if we culture a mare when
she’s coming into heat, we might not get a result back by the
time a breeding decision needs to be made. By that time we’ve
collected the stallion and inseminated or live covered the
mare, and then we get a report back from the diagnostic lab
indicating that this mare has a uterine infection. A uterine in-
fection will limit a mare’s ability to get pregnant or to stay
pregnant,” explains Dr. McCue.
“If we can identify a uterine infection earlier, faster, and po-

tentially more accurately, it’ll allow us to appropriately treat
that mare or make breeding decisions on that mare several
days earlier than we can now. So hopefully that will offer early
identification and management for the mare and ultimately
help get a higher pregnancy rate.”

Keeping the Stallion Viable for Years 
To help the aging stallion, or the stallion with limited sperm,
researchers are using a procedure in the lab for assisted repro-
duction. Intracytoplasmic sperm injection (ICSI) involves re-
covering the mare’s egg from the follicle, injecting a single
sperm into the oocyte in the lab, culturing the embryo, and
then placing the embryo back into the mare’s uterus. Breeders
would want to use this process if they have a stallion who has
limited viable sperm, or if they have a stallion that is deceased
and with limited amounts of frozen semen. 
“We can take just a little sliver of a straw and thaw it and

refreeze whatever sperm is left,” explains Dr. Carnevale. “Or
we can take a standard frozen straw of semen and extend it
so we can make a hundred straws that we would use for ICSI.”
But Dr. Carnevale warns that ICSI might not be as success-

ful for every stallion. “Not all sperm is created equal, so ICSI
works better with some stallions than others,” she says. “In
our lab we’re looking at what sperm worked better than others

JoAnne Stokes at 
Colorado State 
University performing
ICSI.  The procedure is
done while looking
under a microscope at
high magnification.  The
joy sticks (by right and
left hands) are part of
the micromanipulation
equipment, which allow
very fine movements to
control the injection of a
sperm into an oocyte.
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by looking at morphology, membrane integrity, and DNA in-
tegrity, and determining how we can separate the good sperm
to optimize the process.”
Early research on toxic seminal plasma with a stallion’s

sperm is being conducted by Dr. McCue, looking at identify-
ing the factor that seems to affect sperm mobility. Researchers
are hoping that when they identify that factor, they can find a
way to treat or prevent the factor from being produced.

What You Can Do
If you’re dealing with a problem mare or stallion, or even just
an aging broodmare, Dr. Carnevale recommends working
with a reproductive specialist from a very early point in the
breeding planning process. “I think it’s better to go with a spe-
cialist early because once you get an infection or inflammation
in the uterus, you start having problems and it’s harder to back
off and get them corrected,” she explains. 
Optimizing your mare’s chances of getting pregnant means

optimizing her care—from nutrition, body condition, repro-
ductive health, etc.—starting from the very beginning to en-
sure she is healthy enough to carry a foal full term.
“If you want the mare to carry the foal, make sure she is

able to carry the foal,” points out Dr. Carnevale. “You’ll want
to minimize the number of times she gets bred, so ensure that
her uterus is clean and everything is good to go before putting
semen into her by having a specialist check her over. As these
mares get older know that not every cycle is good—she might
not give you a good egg, so every breeding is going to take
some work.” 
Broodmares typically need to be between a 5 (Moderate) and

7 (Fleshy) on the Henke Body Condition Score chart, meaning
her back is flat; ribs are not visually distinguishable, yet you
can easily feel them when you put your hands on her ribcage;
rounded withers and neck and shoulder. A broodmare that’s
too thin might not be able to carry a foal full term, while a mare
that’s too fat might not be able to become pregnant. 
“We’re looking at metabolic problems and the overweight

mare and what those problems are doing to the embryo and
the follicles,” says Dr. Carnevale. “It’s a big problem now with
humans and researchers have shown that ovulatory problems

are more prevalent when the mare is overweight, so we’ve
done a fair bit of work looking at the oocyte and the follicle
and there’s a lot of things changing when a mare is overweight
or has metabolic syndrome. It can affect fertility, but the scary
thing is that it can affect their offspring, and potentially their
offspring’s offspring, if we go by the studies of other species.”
If you want to extend your stallion’s breeding career past

his prime (late teens), Dr. Carnevale recommends freezing his
semen when he’s younger. It doesn’t take much to freeze
semen and extend the stallion’s breeding influence after his
death—one ejaculate can be frozen for ICSI and be available
for a very long time.
Again, keeping your stallion in good physical condition, as

with the broodmare can help extend his breeding career. 
Preparing your stallion for his first breeding season can have

an effect on his entire breeding career. “If you’re anticipating
a stallion going into his first season in 2015, owners should
do a semen evaluation and work with the stallion in the breed-
ing shed this fall or prior to the start of the breeding season,”
advises Dr. McCue. “Get him trained to the phantom, and col-
lect his semen and do a normal semen evaluation, including
volume, concentration, sperm motility, sperm morphology
and potentially evaluation of the sperm’s chromosome struc-
ture. These steps can help determine if that stallion will be
good to go come early February.”
Doing the testing and early breeding-shed training in ad-

vance will allow a stallion manager to know that the stallion
will have enough normal motile sperm to handle an entire
breeding season. 
Dr. McCue warns against leaning too heavily on the results

of semen evaluation as an indicator for the stallion’s fertility.
“There’s always the caution that a semen evaluation is only an
estimate of potential fertility, and the only true assessment of
real fertility is pregnancy rates in mares that have actually been
bred,” he explains. “So for novice stallions, even if they have
good sperm motility and good sperm numbers, it’s hard to
predict the actual fertility until mares are bred, pregnancy
exams are performed, and foals are born.”
No discovery is too big or too small to be of importance for

the world of reproduction.  Dr. Carnevale explains that any
little bit will help the industry, “There are always develop-
ments and discoveries.” F

Oocyte positioned for ICSI
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Reproduction Experts
ELAINE CARNEVALE
Elaine Carnevale, DVM, PhD, is an associate pro-
fessor in the department of biomedical sciences
at the Colorado State University Animal Repro-
duction and Biotechnology Laboratory. She has
focused her studies on the use of assisted repro-
ductive technologies to establish pregnancies
for mares or stallions with poor fertility.

PATRICK MCCUE
Patrick McCue, DVM, PhD, is a Diplomat in
the American College of Theriogenologists and
professor of equine theriogenology at the Col-
orado State University. His research interests
include reproductive endocrinology, repro-
duction pathology, hormone therapy, and
embryo transfer.

Elaine Carnevale


