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Emerging from winter into spring means more daylight hours - which for many
of us translates into more barn time! At CEH, we love seeing our horses enjoying
time grazing in the pastures and taking naps in the sunshine.

Spring also means that foals are starting to arrive. Veterinarians have important
roles in supporting many aspects of breeding management to ensure the birth of
healthy foals. At CEH, we work closely with the Equine Reproduction Service and
the UC Davis Veterinary Assisted Reproduction (VetART) Laboratory to provide
services to owners and breeders and advance research to benefit horses now and
in the future.

For this issue, we tapped into the expertise of our equine reproductive specialists
to bring you exciting updates on advanced reproductive technologies, embryo
production, and fetal monitoring. We are grateful to Drs. Pouya Dini, Catherine
Renaudin, Ghislaine Dujovne, and Alejandro de la Fuente for sharing their
expertise on these topics.

CEH facilitates research in equine reproduction through faculty and resident
grants. Outcomes from these projects are summarized in our biannual Research
Review publications. You can support these efforts by contributing to our
General Support and Teaching Herd Funds. More information on CEH-supported
research and giving opportunities can be found on our website: ceh.vetmed.
ucdavis.edu.

Enjoy your time at the barn,

% =

Carrie J. Finno, DVM, Ph.D.,
Diplomate ACVIM
CEH Director




UC Davis Equine Reproduction Service and
Veterinary Assisted Reproduction Laboratory

The Equine Reproduction Service at the UC Davis
veterinary hospital’s Large Animal Clinic provides routine
and advanced reproductive care for equine patients.

Services for mares include transvaginal aspiration of eggs,
diagnostic workups for infertile mares, artificial insemination
with cooled and frozen semen, ultrasonographic pregnancy
diagnosis, twin reduction, pregnant mare care, obstetrics,
and foaling management. In addition, clinicians manage
mares experiencing dystocia (difficult foaling), working in
close collaboration with experts specializing in surgery,
neonatology, critical patient care and anesthesia.

Stallion services include fertility evaluation, investigation of
infertility, stallion breeding management, semen collection
and evaluation, preparation and shipment of cooled semen,
and freezing of semen.

The Veterinary Assisted Reproduction (VetART) Laboratory
provides advanced reproductive technologies including
intracytoplasmic sperm injection (ICSI), in vitro fertilization
(IVF), embryo biopsy services, embryo freezing, cell isolation
and preservation for future cloning and more. The laboratory
can receive shipped eggs from anywhere in the United

States for embryo production with ICSI, followed by embryo
storage or shipping for embryo transfer. It is also one of the
few assisted reproductive technology centers in the world
that is equipped with the ability to monitor growing equine
embryos with a live embryo monitoring system, allowing
embryologists to precisely evaluate embryo formation.

The CEH works closely with clinicians and staff of the service
and the VetART Lab to support teaching and research efforts.
Our Teaching Herd horses provide hands-on opportunities
for veterinary students and residents to learn and practice
important skills. The horses also contribute to research
conducted by our equine reproduction faculty that supports
immediate and future advances in the field.

West Coast Equine
Reproduction Symposium:

UC Dauvis is hosting the West Coast Equine
Reproduction Symposium: Diagnostic Tests and
Therapeutic Protocols at the Santa Ynez Valley Marriott,
Buellton, CA, November 6-8, 2025.

The West Coast Equine Reproduction Symposium

is an educational event for anyone interested in the
topic, including horse owners/breeders, veterinarians,
and students. This year’s event will provide a two-day
forum for the exchange of timely topics on reproductive
management of the problem mare and stallion, assisted
reproductive techniques, and foal health. Wet labs will
be held at Alamo Pintado Equine Medical Center.

More information is available at:
https://vetart.vetmed.ucdavis.edu/
west-coast-equine-reproduction-

symposium-VIl

UC Davis Equine Reproduction Service*
(530) 979-6015 or (530) 752-0290 — Reproduction@ucdavis.edu

ICSI and Embryo Management — ICSIVET@ucdavis.edu, (530) 754-3124

*The Equine Reproduction Service now offers field service visits to your facility.
Please call to see if you are located in our service area.
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Assisted reproductive techniques (ART) can aid in breeding
and improve reproductive outcomes.

Artificial Insemination (Al) is the introduction of fresh,
cooled, or frozen semen into the mare’s reproductive tract
without natural mating. It is the oldest and most widely used
ART in the horse to expand stallion genetics without transporting
animals for mating. Although easier and less invasive than

other methods, Al requires careful timing of insemination with
ovulation and management of mares after breeding. This is
especially critical when frozen semen is used since its longevity

is significantly shorter than fresh or cooled semen.

This is the least expensive ART option. The success rate is high,
particularly with fresh and cooled semen.

Embryo Transfer (ET) is the collection of an embryo from a
donor mare and transfer into a recipient mare (surrogate). This
involves synchronizing the reproductive cycles of both mares
and breeding the donor mare, usually with Al Genetic testing
can be performed on the embryo to determine sex and genetic
traits prior to transfer (pre-implantation genetic diagnosis).

Several pregnancies can be produced in a season from an elite
donor mare without significantly affecting training or competition.
Embryos are flushed 7 to 8 days after ovulation and the donor mare
can be bred in a few days to generate additional embryos.

Success rates vary, but ET is generally reliable for fertile mares.
Costs are moderate to high. The limited availability of recipient
mares presents challenges.

In Vitro Embryo Production (IVEP) is the process of
producing and culturing embryos in a laboratory until they
reach a stage of development where they can be transferred to
a recipient or frozen for future transfer.

Oocytes are collected by transvaginal oocyte aspiration (TVA,
also known as ovum pickup (OPU)) directly from the ovaries
of a standing mare under sedation.

UC Davis Veterinary Medicine « Horse Report

In Vitro Fertilization (IVF)

For IVF, oocytes are matured, fertilized with sperm in a
laboratory, and cultured for 7 - 9 days. The resulting embryos
may undergo genetic testing and are implanted into a recipient

or frozen for storage.

Although common in humans and livestock species such as cattle,
IVF has had little success in horses. Equine embryo production
has been achieved, but only using high-quality, fresh sperm, which
limits its use. The UC Davis Veterinary Assisted Reproduction
(VetART) Laboratory recently reported using frozen-thawed
sperm to fertilize equine oocytes and create embryos (Martin-
Pelaez et al.,, 2024). Further research is in progress.

This process is labor-intensive and costly. Success rates vary
based on sperm quality. While some sires yield good results,
others produce poor outcomes.

Intracytoplasmic Sperm Injection (ICSI)

This is a specialized form of IVEP in which a single sperm is
injected directly into an oocyte. The fertilized egg is cultured,
and the embryo is implanted into a recipient mare.

This approach has become widely used in horses. It can help
overcome male fertility issues such as poor sperm quality or
low motility. It is also an important technique to preserve the
genetics of deceased stallions or those with limited semen
availability (Malin et al. 2024).

ICSI allows the use of sex-sorted semen, a newly available
option that enables deliberate selection of the sex of the
offspring. Recently, the VetART laboratory reported the first use
of frozen sexed semen for ICSI in horses (Dini et al., 2023).

Costs for ICSI are high and success is highly variable.



Cloning

Somatic cell nuclear transfer (SCNT) cloning produces a foal

that is genetically identical to the donor. The nucleus of a body

(somatic) cell from the donor is removed and transferred into

an egg cell that has had its nucleus removed. The egg cell with

the donor nucleus develops into an embryo, which is transferred

into a mare.

Cloning is commercially available in horses, and hundreds

of cloned equids have been produced.

Cloning efficiency is low, and large numbers of oocytes are

required, limiting availability. Costs are high.

Applications

Assisted reproductive techniques can ensure that top-

performing horses pass on their superior traits to future

generations. It is important to select the appropriate method

for the goals of the breeding program. Some procedures are

expensive and technical and may not be feasible or available

to all breeders. Success rates are variable, and efforts may not

result in pregnancies or live births.

The use of ART may be regulated differently by country or

region, potentially creating barriers for international breeding

programs. Also, some breed organizations, such as the Jockey

Club, may not register horses produced through ART.

For more information about equine ART, visit the VetART Laboratory at
https://vetart.vetmed.ucdavis.edu/.

Natural

Al

Breeding (fresh/frozen) ET IVF ICSI Cloning
Donor mare Yes Yes Yes Yes Yes Yes
Recipient mare No No Yes Yes Yes Yes
TVA/OPU No No No Yes Yes Yes
Stallion can pfoduce multiple Yes Yes Yiik Vs Yes Yes
offspring/year
Mare can pr9duce multiple No No Vi Ay S Vi
offspring/year
§5e In some cases/
Stallion can stay in competition shortened A Yes Yes Yes Yes
season
Mare can stay in competition No No In some cases Yes Yes Yes
Effecp.ve for pliiepatallion No No No No Yes In some cases
fertility issues/deceased
Eﬁecuv‘? for oldeaaISsitlity No No In some cases Yes Yes In some cases
issues/deceased
Can be performed on the farm Yes Yes Yes No No No
Partly performed in a laboratory No No No Yes Yes Yes
Prelfnplant.a e g.e nEks No No Yes Yes Yes Yes
diagnosis possible
Not commercially
Cost $ $3 $3% A $5$ $3$$$
Success Rate High Higher for fresh Variable Variable Highly variable Variable

CEH.VETMED.UCDAVIS.EDU - Spring 2025

5



6

EQUINE /7 Vitro

VIS N N .

Embryo collection by embryo flushing after breeding

has been available in horses for decades. More recently,

the ability to produce embryos in a laboratory (in vitro)

has expanded and refined equine embryo production,
greatly benefitting the equine industry. This technique has
gained widespread adoption due to its growing potential
and economic advantages. Beyond its role in fertility
management, there are significant applications in breeding,
genetic preservation, and research.

From Eggs to Embryos

Immature eggs (i.e. eggs that are not fully developed and not
ready for fertilization) are collected from mares by ultrasound-
guided transvaginal aspiration (TVA) and allowed to mature in
the laboratory. Fertilization is performed by intracytoplasmic
sperm injection (ICSI) in which a single sperm is injected into
a mature egg under a microscope. The fertilized egg is cultured
for approximately 7 days until it develops into a transferable-
stage embryo (blastocyst). From start to finish, this process is
known as in vitro embryo production (IVEP).

About 66% of the collected eggs will mature to the point
where they can be fertilized. After fertilization, approximately
30% develop into embryos within 7-9 days. Each IVEP session
produces 1 - 2 embryos (Malin et al., 2024).
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Making Horses in a Lab

Embryos can be transferred into a recipient mare, or back into

the donor mare. They can also be frozen and stored, or frozen
and shipped to another location. The overall process takes 9 -
11 days (see figure).

Embryo Biopsy and Genetic Testing

One of the advantages of producing embryos in the laboratory
is that genetic testing can be performed to select which
embryos to implant to maximize success and optimize
breeding goals.

Pre-implantation genetic diagnosis screens embryos through
genetic testing prior to embryo transfer. This facilitates
selection of embryos that have the desired sex, coat color
variants, or that are free of known genetic diseases.

Genetic screening can also be used to evaluate embryos for
errors such as duplicated or deleted chromosomes, or parts of
chromosomes, which are responsible for early pregnancy loss
in 22% of cases (De Coster et al. 2024).

To obtain material for genetic testing, a biopsy is taken from
the outer layer of the embryo before it is frozen. This yields 5-10
cells from which genetic material can be extracted. Biopsied
embryos result in normal pregnancy rates and foals born from
biopsied embryos are normal (Hinrichs and Choi, 2012).



Equine /n Vitro Embryo Production Timeline

} }

}

27 HOURS 7-9 DAYS

Ship to lab  Eggs mature in lab
(66% success)

Embryo Development (30% success)

A 9-11 DAYS A

Approximate timeline for in vitro embryo production, from TVA through embryo transfer or freezing. For more information,
visit the UC Davis Veterinary Assisted Reproduction (VetART) Laboratory at https://vetartvetmed.ucdavis.edu.

The UC Davis Veterinary Genetics Laboratory offers genetic
testing on horse embryo biopsies.

Freezing Horse Embryos

Most embryos created through IVEP are frozen. Advances
have enabled high pregnancy rates from IVEP frozen embryos.
Freezing allows for wide geographic distribution of embryos,
flexible use of recipient mares, and banking of embryos from
young individuals who are in the early stages of training and
competition (i.e. unproven) or older individuals with reduced
reproductive fitness.

Equine embryos are preserved by ultrafast freezing
(vitrification). This process exposes the embryo to high levels
of cryoprotectants, compounds that protect cells from damage
during freezing, for short times at a fast-freezing rate. The
goal is to minimize the development of ice crystals, which can
physically damage embryos.

Vitrified embryos are placed in liquid nitrogen. They can be
shipped to another location or stored for later use.

Monitoring Embryonic Growth

The UC Davis Veterinary Assisted Reproduction (VetART)
Laboratory is one of the few Assisted Reproductive Technology
centers in the world equipped to monitor growing equine
embryos in the laboratory with a non-invasive live embryo
monitoring system. Traditional monitoring of embryos
requires daily removal from the incubator, which can stress
embryos and impede evaluation of the exact timing of specific
developmental events.

Using a time-lapse incubation system, the VetART Lab can
determine the normal timeline for developing equine embryos
and accurately predict which embryos are likely to progress to
appropriate stages without removing them from the incubator.
This allows for the selection of embryos with the highest

potential to result in successful pregnancies. A recent study
from the VetART Lab also showed that the characteristics of
embryo development could predict the chances of pregnancy
loss in mares (Martin-Pelaez et al., 2024), highlighting the
importance of embryo monitoring.

The Future of Embryo Production

Advances in IVEP, including the successful use of ICSI in
horses, have provided reliable methods to produce foals,
overcoming issues such as compromised fertility and
breeding season restrictions. Research is ongoing to address
challenges and improve success rates in equine reproduction
with the goal of tailoring breeding strategies to improve
health and performance and preserve valuable genetics.

For more information about IVEP at UC Davis, visit
https://vetart.vetmed.ucdavis.edu/, or contact
ICSIVET@ucdavis.edu, 530-754-3124.

An equine embryo developing in the laboratory.
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A BONE TO PICK:

Measuring Key Skeletal Developmental
Milestones In Utero To Predict Foaling Date

Understanding equine pregnancy is essential to ensuring the
best care for mares and foals. In particular, accurate foaling
predictions are important for organizing surveillance in case
the mare needs veterinary assistance. They also help breeders
make decisions about future breeding dates, participation in
competitions, and sales.

Gestation, the period between conception and birth, is highly
variable in horses, ranging from 310 to 374 days (average

340 days). Equine fetal growth is linear in the second half

of gestation, but factors such as breed, fetal sex, amount

of daylight, mare’s age, and whether she has been pregnant
before affect gestation length.

With so many variables, it is challenging to predict exactly
when a foal will be born, even when the breeding date

is known. Research from UC Davis equine reproduction
specialist Dr. Catherine Renaudin is providing tools to narrow
in on foaling dates by measuring key milestones in bone
development.

Taking Measurements

Standardized fetal growth parameters including femur length,
head circumference, and abdominal diameter are routinely
measured by ultrasound in human pregnancies to predict fetal
development and health. Similarly, Renaudin’s research has
demonstrated that measurements such as the diameter of the
head, diameter of the aorta, length of the femur, and volume
of the eye directly relate to gestational age in horses.

Some parameters more accurately predict fetal age early in
gestation, whereas others are better applied during mid or
late gestation. The challenge is that some of these structures
are hard to measure or may be inaccessible by ultrasound due
to the position of the fetus in the uterus. Similarly, although
femur length and head measurements are highly correlated
with the day of gestation, they become too large to measure
by ultrasound after 220 and 300 days, respectively. As with
other species, growth variability increases over time, so
predictions are less accurate closer to the foaling date.
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In combination, these measurements can predict gestational
age within 2-3 weeks in Quarter Horses. Breed-specific tables
need to be generated to expand use into other breeds.

Focusing on Foaling Date

More recently, Renaudin has been evaluating the relationship
between the development of bones in the lower limb and
foaling date using in utero ultrasonography. A study in Quarter
Horses determined that the length of the long pastern bone
(P1) was significantly correlated with days of gestation as
measured in late pregnancy (>240 days of gestation).

Interestingly, P1 length was also correlated with the foals’
heights and weights when they were born. The shortest,
lightest foal had the shortest P1 length in utero. In addition,
it is possible to assess whether a mare is 10 or 11 months
pregnant by looking at the appearance of P1. Research is
underway to determine if this is consistent in other breeds.

Renaudin’s research provides evidence that the lower leg bones
can be visualized by ultrasound at certain stages of gestation to
provide accurate estimates of foaling dates since they appear
in a reliable order. The lower condyle of the cannon bone
becomes visible first, followed by the ossification centers of

P1 and then P2, and finally by the ossification of the proximal
sesamoid bones and navicular bone. Visualization of the
navicular bone, which appears last, is the signature that lower
leg bone development is complete in utero. This chronology is
very comparable across breeds.

Renaudin is currently looking at the size of the navicular bone
late in gestation. Results suggest that navicular bone length
may be an additional tool to predict foaling time in healthy
Quarter Horse and Thoroughbred pregnancies.

Application

Standardization of fetal measurements improves foaling date
prediction without known breeding dates. This is important
for mares with potentially life-threatening medical conditions
such as pre-pubic tendon ruptures or hydrops (excess placental




sasamoid bone cannon bone

Cervix

Drawing showing the position of
the fetal lower limb in relation to the

cervix of the mare in late gestation.
navicular bone

fluid), in which labor is induced when foals are determined to
be mature enough to survive outside of the uterus.

Measurement standardization also aids in evaluating a foal’s
developmental status. If measurements determine that the
fetus is growing normally for the stage of pregnancy, it is
likely healthy. Those that indicate a small foal may signify
health issues, such as placentitis, fetal abnormalities, maternal
malnutrition, or the presence of twin foals, that should be
referred to advanced reproductive care/neonatal services.

months of pregnancy to ensure the foal is in the correct
presentation for birth,” Renaudin suggests. “At the same
time, we can look at the lower limb to determine if fetal bone
Fetal measurements can easily be obtained during routine development is appropriate for its age.”

veterinary appointments throughout pregnancy.

These studies were supported in part by the Center for Equine
“All pregnant mares should be scanned during the last two Health. Learn more in our 2024 CEH Research Review publication.

307-day old fetus 319-day old fetus
absence of navicular bone (green arrow) presence of navicular bone (green arrow)

2.5

Ultrasound image of the lower limb of a A) 307-day old fetus showing P3 and P2 and the absence of the navicular bone (green arrow),
indicating that lower limb bone maturation is incomplete, and B) a 319-day old fetus showing P3, P2, and the presence of the navicular
bone (green arrow), indicating that lower limb bone maturation is complete. Images are courtesy of Dr. Catherine Renaudin.
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You Might Not Know About
Assisted Equine
Reproductive Techniques

It is important to understand the benefits and costs of assisted reproductive

techniques (ARTSs) to ensure alignment with breeding goals. We collaborated with specialists
in the UC Davis Equine Reproduction Service and Veterinary Assisted Reproduction (VetART)
Laboratory to provide current information on these technologies.

Equine embryo transfer was developed in the 1970s to obtain pregnancies for older
mares with reproductive problems. Breed associations initially limited its use. However, after
increased adoption beyond overcoming fertility issues, restrictions were lifted and many breed organizations now

allow unlimited registration of foals produced by embryo transfer.

Stallions produce
sperm throughout
their lives.

Stallions produce “fresh” sperm throughout their lives, but
mares are born with all the eggs they will ever have. These eggs
exist in a suspended state of cell division, making them less fertile over time and contributing
to reproductive issues in older mares. Although stallions produce sperm throughout their
lives, sperm quality begins to decline around 13 years of age (Darr et al. 2017).

3 Transvaginal aspiration (TVA) is an invasive procedure and
side effects, though rare, can occur. The donor mare may need to
be out of training and competition for days to weeks after the procedure. Side effects can
include minor bleeds and abrasions, hemorrhage, swelling, infection, fever, dullness, and pain.
A study by the VetART Laboratory and Utrecht University reported that 24% of mares showed
signs of discomfort the day after TVA (Martin-Pelaez et al. 2022). Serious complications are
uncommon (<0.3%), but in rare cases (< 0.05 %) can be life-threatening (Hinrichs et al. 2025).

Equine eggs can be transported at room temperature without
any effect on quality. Unlike many other species, immature equine eggs
exhibit remarkable tolerance to handling and shipment. They can be placed in commercial
embryo-holding media and successfully stored or transported for up to 24 hours at room
temperature (Dini et al., 2016). They remain viable for over 48 hours at a slightly lower
temperature (17°C). This unique characteristic enables flexibility in scheduling intracytoplasmic
sperm injection (ICSI) procedures. Additionally, it facilitates the collection of eggs at a clinical
facility and overnight shipment to a laboratory, enhancing efficiency and accessibility.



Laboratory-produced equine embryos can be frozen indefinitely. This facilitates wide
geographic distribution of valuable genetics, flexible use of recipient mares, international trade, and storage of
embryos for young individuals that are not yet proven.

Embryos can be produced in a laboratory using eggs from mares that have been

euthanized, but euthanasia solution can affect fertilization. A study by the VetART
Laboratory showed that pentobarbital, the most common euthanasia solution, reaches eggs immediately after
euthanasia. Although embryos can be produced, lower numbers may be obtained, especially with prolonged exposure
of eggs to the drug (Martin-Pelaez et al., 2023).

The use of sex-sorted semen, which revolutionized Al cattle breeding, remains

limited in horses. Unlike in cattle, sex-sorted equine sperm do not freeze well, which results in reduced
semen quality and lower pregnancy rates following artificial insemination. However, studies have shown promising
results for the use of sex-sorted sperm for ICSI (Dini et al., 2023).

-
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8 Identical twins are rare in
horses but may be more

common with embryos produced in

a laboratory. Increased incidence of identical

twins has been documented after the transfer of

¥ -

in vitro-produced embryos in humans, and this

also appears to be true for horses. Twin equine
pregnancies usually result in early embryo loss or
abortion. Twins carried to term can cause foaling
difficulties, future fertility problems, and the birth
of compromised foals. Although there is a higher i d
prevalence (1.6% - 0.4%) of twins from laboratory- it - oy
produced embryos, it is still rare (Peere et al. 2022).

Unlike in livestock and
humans, conventional in vitro
fertilization (IVF) is not commercially . .
. Twins are rare in horses but may be more common
available for horses. Early attempts to with laboratory-produced embryos.

produce foals through IVF had inconsistent

outcomes. A breakthrough in 2022 using fresh semen led to live foal births (Felix et al., 2022), but reliance

on fresh semen limited viability. In 2024, the VetART lab (Martin-Pelaez et al.) had success using IVF with
frozen-thawed sperm, demonstrating embryo production rates comparable to ICSI, enhancing the commercial
applicability of equine IVF.

10 Hundreds of horse clones have been produced, but cloning efficiency is low.
Cloning is an ART in which the foal produced is genetically the same as the donor. It is highly technical
and costly, with a low success rate. However, it is valuable for preserving elite genetics from horses that are
successful in competitions but cannot breed, such as geldings, or individuals that suffer from sudden disease, injury,
or death. Although the cloning procedure itself is costly, the cost to preserve cells from elite horses is relatively low,
allowing for potential reproduction in the future as technology advances and becomes more widely accessible.
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PIONEERING PETRI — THE FIRST
ICSI FOAL AT UC DAVIS

Born at CEH on February 23, 2018, Petri was the first all-UC Davis foal created
by intracytoplasmic sperm injection (ICSI). A happy, healthy foal, Petri spent
the first years of her life at CEH. She was adopted by a UC Davis veterinary
neurology resident just before her 3rd birthday.

The two are still a team. Now 7-years-old, Petri lives at a local barn and
she and her owner train in dressage and enjoy trail rides. According to
her owner, she is a big horse with a big personality who loves to work.

Petri’s birth marked a milestone for equine breeding advances at UC
Davis. Now regularly used by our Equine Reproduction Service, as
well as many clinics around the world, ICSI has become a powerful
tool for horse breeders.

Visit the UC Davis Veterinary Assisted Reproduction Laboratory
for more information or to schedule ICSI services.
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