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Abstract
One assisted reproductive tool used to propagate highly desirable genetics
from elite sire and dam matings is embryo transfer. Superovulation is the first part of
the overall protocol and it is a required yet costly and biologically stressful procedure
in cattle embryo transfer. The process of superovulation results in high variation in
the number of ova recovered, fertilization rates, and embryo quality and these
inconsistent results prevent full optimization of the procedure for genetic
improvement. Reducing factors that may play a role in the variation encountered
during this procedure is key for enhancing genetic improvement. Two factors
commonly researched are follicle stimulating hormone (FSH) dose and overall animal
health. Reducing the amount of FSH used during a superovulation protocol decreases
the variability in the number of ova recovered and increases embryo quality. Animal
health is also an important factor that can affect the number and quality of embryos
recovered. One way to assist with mitigating the negative effects and supporting
animal health is through nutritional supplementation. OmniGen-AF® (OG; Phibro

Animal Health Corporation, Teaneck, NJ) is a nutritional supplement shown to
support immune status and animal health. Therefore, the overall objective of this
study was to evaluate the effects of supplementing OG and two different doses of
FSH on superovulatory response, embryo quality and viability and serum markers for
health status. Twenty-four cross-bred beef cows were split into four groups, fed OG
at 0 or 56 g/hd/day for 49 days and superovulated with 200 or 400 mg FSH. Blood
was collected on Days 0, 10, 14, 21, 28, 38, 40, 42, 43, and 49 for serum and gene
expression analysis. Superovulation started on Day 28 of feeding and ova
nonsurgically recovered 7 days after estrus and graded for quality based on
morphology. Good to excellent embryos were cultured for 8 days to evaluate the
extent of in vitro development. Conditioned medium was collected daily to quantify
plasminogen activator (PA) production and embryos were measured with an ocular
micrometer at the last day of culture to calculate embryonic volume. Cows entered
into a second round of OG-feeding and superovulation 90-120 d after the first round
(Rounds 1 and 2). In cows superovulated with 400 mg FSH, feeding OG decreased (P
< 0.05) percent degenerate embryos recovered. Serum progesterone was higher (P <
0.05) on the day of embryo collection in OG-supplemented cattle. Percent blastocysts
hatching in vitro was greater (P < 0.05) by embryos recovered from cows fed 0 g OG
and superovulated with 200 mg FSH compared to cows fed 0 g OG and superovulated
with 400 mg FSH or fed 56 g OG and superovulated with 200 mg FSH. Embryos
recovered from cows superovulated with 400 mg FSH and fed 56 g OG produced
more (P < 0.05) PA in vitro compared to all other groups in Round 1. Peak PA
production (P < 0.05) for both Rounds was between 72-120 hours of culture. Round

exerted an effect on several serum markers where most markers measured were lower
(P < 0.05) in Round 1 compared to Round 2. CXCR2 and CD62L expression was
lower (P < 0.05) in Round 1 compared to Round 2. In summary, feeding OG during a
superovulation protocol may ameliorate the negative effects of 400 mg FSH by
decreasing percent degenerate embryos recovered and supporting greater embryo
survival.
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Introduction
Applied reproductive strategies are a common practice within beef and dairy
herds. Of strategies used, embryo collection and transfer is the most common. The
purpose of this procedure is to quickly propagate highly desirable genetics from an elite
dam and sire mating (Bó and Mapletoft, 2014). The dam of high genetic merit will go
through a superovulation protocol, which will cause multiple follicles to begin
development and ovulate at one time (Mapletoft and Bó, 2013). During this period a sire
of high genetic merit will be selected for breeding, and 6-9 days after the first breeding
all ova will be collected for immediate transfer or cryopreserved for a later time.
There is high variation of the ova collected from a superovulation protocol, as the
ova will range from unfertilized ova to early blastocysts. The technique of superovulation
and embryo collection is not always 100% achievable, and variation of response is a
driving force for current research. Variation can be due to multiple different aspects of
the donor cow, such as: age, body condition score, nutritional status and health (M.A.
Velazquez, 2011). Outside factors can also cause variability in a superovulation response,
such as: hormone dose, environmental factors and handling (Kafi and Mcgowan, 1997).
Understanding how these factors contribute to variability is important for attempting to
limit these factors to decrease the variation.
Factors that are directly associated with the selection of a donor cow are
important to note, as an older cow may not perform as well compared to a younger cow
(Hasler et al., 1987). Body condition score is also important, as increased weight of a
donor cow will cause negative impact on reproductive performance (Gong et al., 2002).
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Ensuring proper plane of nutrition is also key to ensuring success of a superovulation
protocol, as poor nutrition will affect different metabolic pathways that can have a
negative impact on reproductive performance (Diskin et al., 2003). Overall health of the
donor cow is important to monitor during a superovulation protocol, as a decrease in
health or a pathogen challenge will cause a decrease in ovulation rates, fertilization
success and early embryonic development (Leblanc, 2012).
Other factors that affect the response of a superovulation protocol is the dose of
follicle stimulating hormone (FSH), as the high dose has been proposed to rescue follicles
that are destined to undergo atresia (Guerra et al., 2015). These oocytes may be of poor
quality which can lead to poor quality embryos or unfertilized ova at time of collection.
Research has investigated different strategies of decreasing the variation of this response
and still obtaining good to excellent quality embryos. Environmental and handling are
two factors that affect the response of a successful superovulation and embryo collection.
Both of these factors, along with some listed above will cause an acute stress response.
This acute stress response will elicit an increase in cortisol production and can negatively
impact the overall success of ovulation, fertilization and early embryonic development
(Dobson et al., 2001; Guerino Macedo et al., 2011). Decreasing the acute stress response
is important to decrease potential variation of the overall superovulation and embryo
collection protocol.
Research to decrease variation in a superovulation and embryo collection protocol
is important to optimizing success of this valued technology. Two different methods of
decreasing variation and increasing embryo quality are through decreasing the dose of
FSH and through nutritional supplementation. Lowering the dose of FSH has been shown
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to have a beneficial effect for increasing the quality of embryos collected (Gomes, 2016).
Another way to decrease variation and support animal health is through nutritional
supplementation.
One product available for cattle is OmniGen-AF® (OG; Phibro Animal Health,
Teaneck, NJ). It is a nutritional supplement that has been shown to support animal health
and immune status during known and unexpected stressful periods of a dairy cow (Wang
et al., 2004; Fabris et al., 2017). OG has been demonstrated to mitigate negative affects
during a pathogen challenge and maintaining overall health status during that period of
time (Ryman et al., 2013; Rowson et al., 2016). In regards to reproductive performance
during the use of this product, there is antidotal data from producers that see an increase
reproductive performance (Dr. James Chapman, personal communication). Controlled
research projects have not be performed to demonstrate the beneficial effect of OG
supplementation on reproductive performance in cattle.
The following study was divided into parts to determine an overall effect of lowering the
dose of FSH and supplementing donor cattle with OG during a superovulation and
embryo collection protocol. The first part of the study focuses on the overall response
during a superovulation and embryo collection protocol. The second part of the study
focuses on in-vitro embryonic development and the third part of the study focuses on
different parameters of donor cow health and metabolic status during the superovulation
and embryo collection protocol. Overall, the results from this study will assist in gaining
knowledge on the impact of lowering the dose of FSH and OG supplementation during a
superovulation protocol.
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Literature Review
The Estrous Cycle of the Cow
The estrous cycle of domesticated cattle is approximately 21 days in duration
and is sectioned into four phases: estrus, metestrus, diestrus and proestrus (Senger,
2012). The four phases can be classified into two larger phases; the follicular and
luteal phases (Senger, 2012). Day 0 of the estrous cycle begins with estrus when cows
first shows signs of sexual receptivity. Estrus is the second phase of the follicular
phase. Cows and heifers will show visible signs of sexual receptivity, such as
standing to be mounted by other females in the group, swollen vulva and
vaginal/cervical discharge. These visible signs are due to the hormone profile during
this time and is changing to prepare the ovarian follicle for ovulation. Estradiol (E2) is
produced from the ovary in high amounts and is targeting receptors in the
hypothalamus. Increasing E2 causes the behavioral changes which drives sexual
receptivity to the male. Hormonally, E2 will cause the release of gonadotropin
releasing hormone (GnRH) from the hypothalamus to target the pituitary for the
release of luteinizing hormone (LH) and follicle stimulating hormone (FSH). Release
of these hormones will target cells within the follicle to assist with ovulation.
Most species ovulate during estrus, but cattle ovulate during metestrus. This
phase is associated with formation of the corpus luteum (CL) and onset of
progesterone (P4) secretion. Metestrus is a short phase, lasting only 1-2 days, and
starts the luteal phase because P4 is starting to rise in the plasma. After ovulation, the
site of the ruptured follicle is converted into the corpus hemorrhagicum (CH). This is
due to the breakage of blood vessels and blood engorgement at the site of ovulation.
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Theca and granulosa cells within the CH transform into small and large luteal cells
respectively. These cells are responsible for producing P4.
After formation of the CL, cows enter the longest phase of the estrous cycle,
diestrus, the third phase of the estrous cycle. Diestrus is approximately 15 days and
during this time there is a high concentration of P4. During diestrus, follicular growth
occurs during this time, in the form of follicular waves. Depending on breed, there
can be two to three follicular waves during the estrous cycle, with the last wave
producing a viable oocyte for ovulation. Waves occurring during diestrus and will not
result in an ovulation due to the high concentration of P4 present. The uterus is being
primed during this period to support the developing embryo. If there is no signal from
the embryo to continue P4 production, luteolysis will start and P4 will begin to
decline. The CL eventually regresses into a corpus albicans. Regression of the CL is
due to uterine prostaglandin F2α (PGF2α) causing constriction of the arterioles
supporting the CL and apoptosis of the cells as well. Once P4 starts to decline, a
dominant follicle can completes its growth towards ovulation.
The last phase to complete the estrous cycle is proestrus, which is also the first
part of the follicular phase. Proestrus encompasses complete regression of the CL, the
decline of P4, and the increase of E2 from the dominant follicle. Proestrus lasts for 3-4
days and the cycle will restart again. If there is a viable embryo and luteolysis is
prevented, this phase will not occur and P4 will remain at high concentration
throughout gestation.
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Cattle Embryo Development
Embryonic development is comprised of many cellular and morphological
events. These events start with a single sperm fertilizing an oocyte to form the onecelled zygote. This stage of development is short and will complete the first cell
division in a day and a half. The first cell division will result in a two-cell embryo
consisting of two blastomeres. The embryo will continue to divide to the four and
eight cell stages. From the 2- to 8- cell stage, a single blastomere can be removed and
transferred into an empty zona pellucida to develop into a complete embryo. This
process can occur because the blastomeres are totipotent and have not started
differentiation (Senger, 2012).
After the 8-cell stage, the embryo will divide into a 16-cell embryo. After this
stage, the number of cells are harder to count and the embryonic stage at this time
point is called a morulae. The morulae gets its name from the shape of the embryo
which resembles a mulberry. The outermost cells start to create tight junctions and to
compact against each other. The innermost cells will compact as well, but there will
be gaps in between for cellular communication to occur. With the tight junctions
forming between the outer cells, fluid accumulation will start within the embryo. This
stage of embryonic development is the early blastocyst. The early blastocyst consists
of the innermost cells with the gap junctions called the inner cell mass (ICM) and the
outermost cells with the tight junctions are trophectoderm. The fluid-filled cavity is
known as the blastocele and will continue to expand and grow. The ICM will develop
into the fetus and the trophectoderm will give rise to the chorion (Senger, 2012).
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As the blastocyst expands due to fluid buildup within the blastocoel, the ICM
will congregate to one pole of the embryo and the trophectoderm will be stretched
along the inner wall of the zona pellucida. The stage where the blastocoel occupies
more than 50% of the embryo volume is called the blastocyst stage (Linder and
Wright, 1983). As the blastocoel continues to enlarge, pressure against the zona
pellucida develops and causes the zona pellucida to thin. When the zona pellucida is
thinned approximately to 1/3 of its original thickness, the embryo is known as an
expanded blastocyst. At this stage the embryo is secreting enzymes and proteases
(e.g. plasminogen activator) which will aid in the rupture of the zona pellucida. The
zona pellucida ruptures at one point and this fracture allows the embryo to “hatch”
out of its protective layer and escape the zona pellucida. This stage of development is
known as the hatched blastocyst, and is comprised of ICM and bilaminar trophoblast.
The hatched blastocyst increases in diameter for 2-3 days before starting to elongate
and differentiation into a fetus and fetal membranes. From fertilization to the hatched
blastocyst stage takes on average 9-10 days in the cow.
Plasminogen Activators
Plasminogen activators (PA) are a class of serine proteases that cleave
plasminogen to form the serine protease plasmin (Castellino, 1983). Plasmin is an
important enzyme classically involved with fibrinolysis (clot breakdown), but is also
involved with many other extracellular processes (Castellino, 1983). Two main types
of PA are found in animals, urokinase-type PA (uPA) and tissue-type PA (tPA)
(Medcalf et al., 1988). Of the two main types of PA, tPA is found near tissues and is
responsible for activating plasminogen for clot breakdown. Urokinase-type PA
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convert plasminogen to plasmin in the fluid phase of plasma and involved with cell
migration events and tissue remodeling (Castellino, 1983; Johnsen et al., 1998).
PA is also involved with embryonic development, specifically facilitating the
hatching process where the blastocyst escapes from the zona pellucida (A R Menino
and Williams, 1987). The blastocyst secretes uPA to activate uterine plasminogen to
plasmin which induces a sublysis of the zona pellucida facilitating embryo escape for
continued development.
Kaaekuahiwi and Menino (1990) demonstrated bovine embryos completing
the hatching process in vitro had greater concentrations of PA in the culture medium
at the time of hatching compared to embryos that did not complete hatching. Another
finding was that PA concentration was correlated to cell number in hatched
blastocysts. From this study, PA production was an indicator of embryo viability after
hatching.
After the embryo hatches from the zona pellucida, cellular reorganization
occurrs and in both the bilaminar trophoblast and the ICM, the latter developing into
the embryonic disc. Dyk and Menino (1991) observed presence of both uPA and tPA
in the day 12-14 blastocyst. This finding suggests PA may play a role in tissue
remodeling and blastocyst elongation.

Superovulation
Development of the applied reproductive techniques has concentrated to
improving livestock genetics for several years. One such technique is embryo
collection and embryo transfer. Embryo collection involves choosing a dam of high
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genetic merit (also known as a donor) to superovulate and breed to a complementary
sire of high genetic merit. Embryos from these selected mating’s are collected
between days 6-9 of gestation and can be frozen or transferred immediately to
estrous-timed recipients to carry the embryo to term.
Superovulation is a crucial part of the embryo collection process. The process
starts with estrus synchronizing either one or multiple donors. If embryos are to be
transferred immediately after collection, recipients will also go through the same
estrus synchronizing process. Estrus synchronizing is the process of hormonally
inducting both donors and recipients to come into estrus at the same time. This
ensures embryos collected are transferred into recipients that are the same days postestrous as the donor. Several methods have been developed for cattle estrous
synchronization, and choosing the best protocol is determined by each facility.
One common estrus synchronizing protocol used in the industry is a twoinjection PGF2α protocol, where products such as Lutlyase or Estrumate are used (Bó
and Mapletoft, 2014). The first injection is given to a group of cows on the same day
which is designated Day 0. This injection will cause regression of the CL and cows
will start another cycle. Some cows will not respond to the first injection, because of
the stage of their cycle. Cows are refractory to the injection of PGF2α if they have are
within 3-4 days of ovulation or up to 5 days after ovulation. The next PGF2α injection
is given 10-14 days after the first injection to stimulate CL regression in preparation
for a subsequent ovulation. For superovulation, FSH is commonly administered twice
a day over a 4-day period starting two days before the second PGF2α injection (Bó and
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Mapletoft, 2014). The common pharmacological FSH used in industry is Follitropin
with a dose of 700 IU over the 4-day period.
Estrus detection starts 24-36 hrs for the second PGF2α injection, and donor
cows will go through two to three inseminations over a 24-hour period to ensure
fertilization of oocytes. This timing has emerged because there may be a longer
ovulatory period due to the potentially large number of oocytes awaiting ovulation.
At the onset of standing estrus, 100µg of GnRH is often administered to ensure
successful ovulation of multiple follicles. Several different pharmacological GnRH
preparations are available on the market (e.g. Cystorelin, Factrel, Fertagyl and
OvaCysts). Embryos are collected non-surgically from the donor 6-9 days after the
last breeding (Hackett et al., 1993).
Non-surgical embryo collection is the most common method used within the
cattle industry. Embryos are usually collected on day 7 of gestation and should be at a
morulae or early blastocyst stage (Baruselli et al., 2011). Quality grades of embryos
are determined by guidelines set by the International Embryo Transfer Society (IETS)
which uses a grading scheme of developmental stages ranging from 1-8 scores and
quality ranging from 1-4(Bó and Mapletoft, 2013). Transferrable embryos will either
be transferred into estrus timed recipients or cryopreservation for storage and transfer
for a later time.
Modifying Follicle Stimulating Hormone for Superovulation
FSH is the hormone of choice used to stimulate multiple follicles for ovulation
in a cattle embryo collection protocol. Administering exogenous amounts of FSH to
the donor causes great variability in terms of the number and quality of the ova
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collected (Kafi and McGowan, 1997). FSH is involved with follicle recruitment and
follicular development from the secondary graffian follicle stages. During a normal
estrous cycle, the largest follicle (e.g. the dominant follicle) will release inhibin a
hormone directly targeting the anterior pituitary to inhibit FSH release (Adams et al.,
1992). This dominant follicle also possess LH receptors, which allows the follicle to
respond to LH and ovulate. Other antral follicles do not possess LH receptors and will
go through atresia, due to the reduced FSH concentration released from the anterior
pituitary. Inducing multiple follicles to ovulate at one time requires exogenous doses
of FSH during a follicular wave to rescue follicles from atresia and recruit a new
wave of potential follicles (Bó and Mapletoft, 2014). Rescuing follicles undergoing
the atresia process may lead to degenerate embryos or oocytes incapable of
fertilization (Lopes da Costa et al., 2001). Due to the variability in oocyte and
embryo quality, research in modifying the total dose and administration strategy to
reduce the variable response in a superovulation program is actively being conducted.
Bo et al. (1991) conducted a series of experiments to determine if single
subcutaneous (s.c.) administration or multiple intramuscular (i.m.) administrations of
Folltropin would provide a greater superovulation response. Cows injected multiple
times i.m. provided a greater superovulation response compared to cows injected with
a single s.c. Folltropin injection. On the other hand, injecting cows with one s.c.
Folltropin injection on the same day of GnRH administration resulted in a comparable
superovulation response as to cows that received multiple i.m. injections of
Follitropin.
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Kelly et al. (1997) compared two different FSH products and two different
methods of administration in a superovulation program. Folltropin and Pluset were
the two FSH products used with Pluset having an increased LH concentration within
the product. Single and multiple injections of each product were administered to
determine if the concentration of either product affected ova quality upon collection.
Results showed donor cows receiving multiple injections of either product had more
total embryos recovered and greater numbers of transferrable embryos. Single
injections of either product lead to multiple ovulations but greater amounts of
unfertilized ova and degenerate embryos were recovered.

Factors Affecting Embryo Quality
Many different variables play a role in the success of a superovulation
program. The goal of each superovulation is to obtain a high number of transferrable
embryos that can be used for immediate transfer or cryopreservation for later use.
Ova collected from a superovulation protocol vary within developmental stages and
range from unfertilized ova to excellent blastocysts. Variation in the response can be
different between repeat superovulations of a single cow or between cows undergo in
superovulation at the same time.
Age
Age of the donor cow has been associated with variability in embryo quality
and number of ova collected. Lerner et al. (1986) demonstrated age of the donor cow
had a negative influence on the success of the superovulation. As donor age increases,
the success of collecting transferrable embryos decreases. Also observed was the
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response to superovulation with regards to FSH was affected by age. Donaldson
(1984) determined there was not a difference between age of the donor cows and the
quality of embryos recovered from a superovulation response. There was a decline in
embryo quality from donor cows that were 10 years and older, which suggested the
ova quality was poor and resulted in poor quality embryos.
Reproductive Health
There is little information with regards to uterine health and superovulation
success. Uterine health is important for success of conception after breeding which
can relate to a superovulation program in regards to fertilization rates. Uterine health
plays an important role in ovarian function. A pathogenic infection of the uterus can
alter ovarian function and ovulation rates (Sheldon and Dobson, 2004). Williams et
al. (2008) described the pathway of a specific pathogen, Escherichia coli, within the
uterus which affects ovarian function by releasing lipopolysaccharide (LPS) into the
system. LPS is transported into the follicular fluid and then will cause poor ovulation
rates and decreases fertilization. Reproductive health plays an important role in
ovulation success and fertilization which associates with a successful superovulation
response.
Environment
Time of year and climate can affect quality of embryos collected during a
superovulation program. Putney et al. (1988) demonstrated heifers subjected to a heat
stress environment during superovulation produced less transferrable embryos and
more degenerate embryos. The elevated temperatures increased poor development
and quality of the oocytes during the superovulation program which lead to a
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decrease in embryo quality at collection. Elevated temperatures during early
embryonic development can also lead to poor development during this period
(Hansen et al., 2001). Donor cows subjected to elevated external temperatures
experienced an overall decrease in quality and fertilization rates during
superovulation.
Stress
Different types of stressors can play a role in decreasing embryo quality
during superovulation. All types of stress elicit the same response with the elevation
of cortisol (CORT) (Dobson et al., 2001). CORT is a steroid hormone produced in the
zona fasciculate of the adrenal cortex (Norman et al., 2015). Once an animal
perceives a stressful event, a signal is sent to the hypothalamus targeting the secretion
of corticotrophin releasing hormone (CRH). CRH enters the hypothalamic
hypophyseal portal system and will targets corticotropes found in the
adenohypophysis of the pituitary gland. Corticotropes bind CRH and secrete
adrenocorticotropin-releasing hormone (ACTH) into the blood stream. ACTH targets
the zona fasciculate to secrete CORT, which targets different organs to inhibit or
increase a certain function (Norman et al., 2015). One specific organ system that is a
target for CORT is the reproductive system.
Dobson and Smith (2000) investigated the response of stress on the estrous
cycle and the overall effects on reproductive function. Their study found that
increased ACTH concentrations after a stress response caused a decline in pulsatile
LH secretions around the time of ovulation. The decline in LH hindered the
production of E2 from the granulosa cells which caused a lower surge of LH.
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Lowering the LH surge decreased ovulation rates and caused a decline in
reproductive performance. Acute stress during fertilization and early embryonic
development decreased conception rates and pregnancy rates (Dobson and Smith,
2000).
Biggers et al. (1987) demonstrated the effect of heat stress on beef cows
during the period of early embryonic development. Heat stress is a period when the
external temperature rises above the thermoneutral zone for cows which is between 5°
and 25° C (Roenfeldt, 1998). During this time, the cow will not be able to cool down
and her internal body temperature will rise. This will elicit an increase in CORT
concentrations and a decrease in the cow’s performance. In beef cattle, Biggers et al.
(1987) observed a decrease in CL and conceptus weights on Day 17 of gestation from
cows exposed to heat stress for 8 days. Decrease in CL weight may lead to lower P4
concentrations and may be involved with the decrease in conceptus weights.
Other stressors that may affect embryo quality are transportation and handling
of cattle during the superovulation program. Transportation is a well-known stressor,
due to the environment and excess handling during this time (Grandin, 1997).
Edwards et al. (1987) investigated the effects of transportation stress on
superovulated beef heifers and observed an increase in CORT concentrations and a
decrease in ovulation rate. Along with transportation stress, cows also perceive
handling as another form of stress. Donor cows that perceive negative handling (i.e.
hit with a stick or gate, twisting of tail, extreme yelling) have a decrease in
superovulation response and embryo quality (Guerino Macedo et al., 2011).
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Body Condition Score
Body Condition Score (BCS) is important to note in a superovulation
program. BCS is a visual inspection of cattle to determine health and performance.
The BCS scale for beef cattle is from 1-9 with a score of 1 being emaciated and thin
to a score of 9 being morbidly obese (Herd and Sprott, 1986). For a superovulation
program, an average donor cow should have a BCS between 4.5 and 5 which is the
accepted industry standard. Cows with a BCS of 1-2 have lower ovulation and
conception rates due to conservation of energy for self-preservation. This lower BCS
is stressful to the cow because of decrease energy in her system. On the other end of
the scale, cows with a BCS of 8-9 have slightly lower conception rates and will have
difficulty during calving.
Nutrition
Nutritional status of cattle is an important part of reproductive performance.
Of the many nutritional factors important for cattle is energy and this is the main
factor required for a successful reproductive response. Both insufficient and increased
energy intakes from a normal ration have negative effects on ovulation rate, embryo
production and development (Sartori et al., 2013). The amount of energy consumed is
determined on the ration formulated for the herd. Balancing a proper ration that will
not hinder reproductive performance is important for success.
Adamiak et al. (2005) investigated oocyte quality from heifers within two
BCS groups (low and moderate) with two different diets consisting of different
energy levels (maintenance and twice-above maintenance). Their study showed a
decrease in oocyte quality from the moderate BCS heifers receiving the increased
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energy diet compared to the same cows receiving the same diet and with a lower
BCS. The researchers also observed a correlation between hyperinsulinemia in cattle
and impaired oocyte quality. Increased insulin concentrations may have a direct
negative impact on the developing oocyte which can lead to decreased embryo quality
and poor conception rates.
Mollo et al. (2017) investigated levels of feed intake on superovulation
response in heifers. Heifers consuming a higher intake of a maintenance diet had
lower embryo production compared to heifers consuming a lower intake of the
maintenance diet over a seven-week period. The researchers also noted an increase in
insulin concentrations in heifers with the increased feed intake compared to their
counterparts. Based on the elevated insulin concentrations, there was also evidence
for a decrease in FSH response by the follicle, which may lead to poor oocyte quality
and embryonic development.
Nutritional supplementation during a superovulation protocol
Overall, nutritional status of cattle is an important part of the success in
reproductive performance. There are many smaller aspects of nutrition that are
involved with reproductive performance, such as: fats, proteins, vitamins and
minerals. These specific components are a part of the total ration but can be
supplemented as needed depending on the stage of production. Understand how each
of these components affects oocyte and embryo quality is important for improving the
success of a superovulation protocol (M. A. Velazquez, 2011).
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Fats
Dietary fatty acids may play a role in reproductive performance for all
species. Depending on the ration, fatty acids can be used as a supplement to increase
growth performance in calves and play a role in reproductive performance (Shike et
al., 2013). Supplementing with fatty acids can affect steroid hormone production
within the follicle because of the increase in circulating cholesterol available for
conversion to reproductive steroids (Ryan et al., 2012). Thomas and Williams (1996)
investigated supplementing different types of dietary fats tallow and soybean meal, on
superovulatory response in beef heifers. The researchers found supplementing with
either source of fat resulted in an increase in medium size follicles but there was no
difference in ovulation response. Bader et al. (2005) demonstrated no difference in
embryo quality or ovulation rate with supplementation of soybean meal or soybean
hulls to donor cows. Increased non-esterified fatty acids (NEFA) in the circulation
can hinder oocyte maturation and decrease early embryonic development (Van Hoeck
et al., 2011). In a review by Van Hoeck et al. (2014), elevated NEFA concentrations
had a negative effect on early embryonic development, by decreasing cell number at
the blastocyst stage thereby inhibiting pregnancy establishment.
Protein
Protein supplementation can have negative effects on reproductive
performance (M. A. Velazquez, 2011). Protein is required for essential amino acids
and is also a source of nitrogen for ruminal microflora (Boland et al., 2001). Ocon
and Hansen (2003) investigated the effect on in vitro derived oocytes and preimplantation embryos when cultured with different concentrations of urea. There was
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a decrease in both blastocyst stage embryos and cleavage rates with addition of urea
to the medium. The researchers also observed lower pH in the culture medium, akin
to uterine pH, which related to the impaired early embryonic development. Santos et
al. (2009) demonstrated that increased plasma urea nitrogen in heifers prior to oocyte
collection had a negative effect on early embryonic development during an in vitro
experiment.
Minerals and Vitamins
Trace minerals and vitamins are found within the total ration for cattle but
they play a major role in overall health and reproductive function (Smith and
Akinbamijo, 2000; Hostetler et al., 2003). Specific types of minerals such as copper,
iodine, manganese, selenium and zinc have roles in specific areas of fertilization and
pregnancy success. Smith and Akinbamijo (2000) reviewed mineral and vitamin
supplementation effects on reproductive performance. Copper and zinc are involved
in the steroidogenesis pathway where cholesterol is converted to testosterone or
estrogen. Deficiencies in either of these can lead to reduced estrus detection and
lower fertility rates. Lower fertility rates can hinder the response to superovulation
due to a decrease in transferrable embryos collected.
Lamb et al. (2008) investigated the superovulation response in Angus heifers
supplemented with organic or inorganic trace minerals. From their study, there was
no difference in embryo number or quality between control and treatment groups but
there was an increase in unfertilized ova from inorganic trace mineral
supplementation compared with the other groups. Chorfi et al. (2007) demonstrated a
difference in metabolic status in cows that went through a superovulation protocol.
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Cows that had increased magnesium and potassium and decreased in creatine kinase
had an increase in transferrable embryos compared to their counterparts.
Vitamin A has been used as a supplement during periods of superovulation to
increase number of transferrable embryos per collection. Shaw et al. (1995)
investigated the effects of supplementing retinol palmitate (Vitamin A) on a
superovulation protocol using two different doses of FSH. Transferrable embryos
increased when cows were supplemented with Vitamin A. No difference was
observed with the different doses of FSH. In a review by Moussa et al. (2015),
vitamin supplementation was suggested to be beneficial for preventing apoptosis by
protecting the cell membranes. Anecdotal testimonies from producers have noticed an
increase in transferrable embryos with injections of Vit E and Selenium 30 days prior
to the superovulation protocol. There is currently no research to determine the
mechanism of the response.
Other forms of nutritional supplementation include a mix of specific
supplements to increase the success of a superovulation program. Marquezini et al.
(2010) investigated supplementing Grade One™ during a superovulation protocol to
determine embryo quality. Grade One™ is a blend of bioactive peptides and
oligosaccharides that supports immune function. The results from this study showed
no difference in total embryos collected but there was an increase in embryo quality
from donor cows supplemented with Grade One™.
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Immune System
The immune system is an important part of animal health as this is the first
line of defense for pathogens or foreign material that enters the body (Murphy and
Weaver, 2017). The immune system is divided into two different parts: the innate and
adaptive immune systems. These two different systems can work separately but most
of the time they work together depending on the foreign material that enters the body.
Innate
The innate immune system is the first line of defense for any pathogens enters
the body and is present at birth. There are specific types of cells involved with innate
immunity and they are responsible for recognizing and clearing a pathogen before a
greater response occurs. The skin is considered to be part of the innate immune
system as it aids in the first line of defense against any potential pathogen. If a
pathogen enters through the skin, there are cells within the tissue that will bind
foreign material. Monocytes are precursors to macrophages, which are found in all
types of tissues (Murphy and Weaver, 2017). Monocytes develop in the bone marrow
along with the rest of the innate immune cells. Once monocytes enter the blood
stream, they will enter tissues and continue to develop into macrophages.
Macrophages are involved with phagocytosis, the engulfing of foreign
material before it can cause damage to the surrounding tissue. Macrophages can also
secrete different chemical messengers, known as cytokines and chemokines in order
to signal other immune cells to assist with clearance of the pathogen. Cytokines are
specific chemical signals linking the innate and adaptive immune responses and can
be involved with inducing an inflammatory response or inhibiting the response
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depending on the cytokine released (Duque and Descoteaux, 2014). There are three
main pro-inflammatory cytokines involved with increasing inflammation and
recruiting other innate immune cells.
The three main pro-inflammatory cytokines are TNFα, IL-1 and IL-6, which
target other macrophages, neutrophils and natural killer (NK) cells and will send
signals to increase the adaptive immune response. Activated macrophages, B-cells
and T-cells from the adaptive immune system will secrete IL-10 and TGFβ which are
anti-inflammatory cytokines (Duque and Descoteaux, 2014; Murphy and Weaver,
2017). These cytokines are involved with inhibiting the pro-inflammatory response
and regulating the inflammation pathway. Chemokines are another chemical signal
released by innate and adaptive immune cells to assist in guiding cells to the site of
inflammation/infection (Murphy and Weaver, 2017). One of the most important
chemokines is CXCL8 (IL-8), as it is a potent chemoattractant for neutrophil
migration (Duque and Descoteaux, 2014).
Neutrophils are a specific type of granulocyte developed in the bone marrow
and then released into the blood stream for further maturation and potential activation
depending on the inflammatory response (Murphy and Weaver, 2017). These cells are
involved with the first line of defense and they have different mechanisms to destroy
the invading pathogen. Neutrophils can phagocytize pathogens, like macrophages,
and they can release granulocytes (lysosomes) to break down pathogens. Lysosomes
released by neutrophils contain nitric oxide (NO), hydrogen peroxide (H2O2) and
antimicrobial peptides. In order for neutrophils to find the site of infection, receptors
are involved stimulating migration from the blood stream to the target. Neutrophils
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have receptors for IL-8, which is the main chemokine involved with neutrophil
migration. IL-8 will bind to its receptor and follow the chemotactic trail to the
inflammatory site (Murphy and Weaver, 2017). There are also cell adhesion receptors
on neutrophils involved with rolling along the blood vessel known as selectins. The
major selectins found on neutrophils are l-selectins (CD62L) which binds to pselectin on the blood vessel (Murphy and Weaver, 2017). The combination of lselectin to p-selectin and IL-8 binding to its receptor will cause neutrophils to migrate
out of the blood stream and to the site of inflammation.
Adaptive
The adaptive immune system is the other half of the immune system. It is
referred to as the acquired immune system because the cells involved with this
response are acquired over time and develop memory to the specific pathogen. Cells
involved with activating the adaptive immune system are macrophages and dendritic
cells (Murphy and Weaver, 2017). Macrophages release cytokines that will target
receptors found in lymph nodes. Once these receptors are activated, cells in the lymph
node will start to become active and will be released into the blood stream to target
the site of infection. Dendritic cells are unique, as they are involved in both the innate
and adaptive immune system. These cells transport a piece of the pathogen from the
infection/inflammation site to the lymph node. At the lymph node, the cell will
present the piece to the resident T-cells and B-cells. Both T-cells and B-cells will be
activated, and if there is a memory of the pathogen, there will be a faster response as
these cells have antibodies that target the specific pathogen to aid in its clearance.
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T-cells are one of the major cell types within the adaptive immune system and
are responsible for antigen recognition from the dendritic cells. There are two
different classes of T-cells based on the protein co-receptor found on the plasma
membrane. The two difference classes are CD4 and CD8 T-cells which respond to
different presentations of the pathogen. CD4 T-cells are broken into T-helper 1(TH1),
T-helper 2 (TH2) and T-helper 17 (TH17) cells which all respond to the major
histocompatibility complex II (MHC II) presentation of the pathogen (Murphy and
Weaver, 2017). These cells will be released and target the site of inflammation to
assist with pathogen clearance. CD8 T-cells respond to the major histocompatibility
complex I (MHC I) presentation of the pathogen which will release cytotoxic CD8 T
cells to the site of inflammation for pathogen clearance (Murphy and Weaver, 2017).
B-cells are the other major cell type involved with the adaptive immune
system. These cells are activated by helper T-cells to increase antigen production for
a specific pathogen of interest. The majority of these cells will be released into the
blood stream and target the inflammation site to assist with the pathogen. A small
amount of these cells will be turned into memory B-cells that carry the specific
antigen for the pathogen. This is important because this is how the body can fight an
infection quicker if there has been a memory cell stored (Murphy and Weaver, 2017).

Immune system involvement with reproduction
The immune system is involved with protecting the body from potential
pathogens and plays an important role in reproduction as well. Macrophages are
involved with cleaning up areas within tissues that have undergone apoptosis. The
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mammalian ovary goes through periods of inflammation due to ovulation of an
oocyte. After ovulation, the empty follicle undergoes a cellular transformation, as
granulosa and theca cells are converted into large and small luteal cells, respectively
(Senger, 2012). This entire process is an inflammatory event as blood flow is
increased to the ovulation site and cells are undergoing apoptosis. Immune cells
associated with the innate immune system are involved with the process of clearing
the ovulation site and conversion of cells to form the CL. Macrophages, neutrophils
and lymphocytes are all involved with cellular cleanup of the ovulation site (Fair et
al., 2015).
The maternal immune system is also involved with early embryonic
development, as the innate immune system becomes refractory to the developing
embryo (Fair et al., 2015). Macrophages and dendritic cells are involved with
ensuring there is immune tolerance and it is believed secretion of interferon-tau
(IFNτ) plays a role in the maternal immune tolerance to the embryo. This is very
important because the embryo has different genetic material and can been seen as
foreign. If that is the case, the maternal immune system will attack the embryo
resulting in pregnancy loss (Senger, 2012; Fair et al., 2015).
After parturition, the immune system plays a major role with uterine
involution and pathogen clearance from the uterus (Turner et al., 2012). During the
first few weeks after calving the uterine environment is prone for pathogenic growth
(Sheldon et al., 2009). The endometrium of the uterus has a population of neutrophils,
macrophages and lymphocytes involved with clearance of an invading pathogen.
Brodzki et al. (2014) demonstrated a correlation between a dysfunction in cellular
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immunity and subclinical uterine infections. The decrease of immune cells in both
circulating blood and endometrium lead to subclinical uterine infections that can
decrease fertility (Sheldon and Dobson, 2004). Subclinical uterine infections can
impair the success for early embryonic development and attachment to continue
pregnancy (Bilodeau-Goeseels and Kastelic, 2003).
OmniGen-AF
OmniGen-AF® (OG, Phibro Animal Health Corp) is a livestock feed product
demonstrated to support overall animal health. Research has demonstrated that the
product provides support to the immune system during periods of stress and/or
immunosuppression (Branson, 2014). Wang et al. (2007) investigated the effects of
feeding OG to sheep with an immunosuppression challenge and a feed mold
challenge. The results showed an up-regulation of CD62L from immunosuppressed
sheep fed OG along with other mechanisms involved with the innate immune system.
Ryman et al. (2013) demonstrated that neutrophils from OG supplemented heifers had
greater binding affinity and internalization of E.coli and upregulation of CD62L
compared to controls. Rowson et al. (2016) investigated the effects of OG
supplementation on production in lactating dairy goats. Researchers reported a
decrease in somatic cell counts and an increase in both milk fat and protein percent
demonstrating a healthier mammary gland in supplemented goats. Thus, the
biological effect of feeding OG has been demonstrated in several species.
Feeding OG has been investigated in different stress models to determine
effects on animal health and immune function. Heat stress is a common concern for
facing many dairy producers as there is a decrease in animal health and production
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during this stressful event. OG feeding during a heat stress event has been shown to
mitigate the observed negative effects of this stressor (Fabris et al., 2017; Skibiel et
al., 2017). Research has also shown modulation of the adrenal axis by OG feeding
during heat stress evidenced by stable cortisol concentrations during the trial period
(Hall et al., 2014, McBride et al., 2016). Antidotal remarks from dairy producers
include improved reproductive performance for their herds but no research has been
conducted to determine the mechanism of action behind OG supplementation and
improved reproductive performance.
Based on research describing beneficial effects of OG feeding on stress and
inflammation, the objective of this research was to determine the overall effects of
supplementing OG during a superovulation program and to determine effects on
embryonic quality.
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Effects of Feeding OmniGen-AF® on Superovulatory Response in Donor Beef
Cows:
I. Embryo Recovery and Quality and Serum Progesterone and Cortisol

Abstract
Superovulation is a required yet costly and biologically stressful procedure in cattle
embryo transfer. High variation in the number of ova recovered, fertilization rates and
embryo quality result in inconsistent results and prevent full optimization of the
procedure for genetic improvement. Inflammation and immune system dysregulation
have been suggested to be a cause of this variability. Therefore, the objective of this
study was to evaluate OmniGen-AF® (OG) supplementation on superovulatory response
and serum cortisol and progesterone concentrations in beef cattle embryo donors treated
with a reduced dose of follicle stimulating hormone (FSH). Twenty-four cross-bred beef
cows were split into four groups, fed OG at 0 or 56 g/hd/day for 49 days and
superovulated with 200 or 400 mg FSH. Superovulation procedure started on Day 28 of
feeding OG and ova were nonsurgically recovered 7 days after estrus and graded for
quality based on morphology. Cows were fed and superovulated as described above for a
second time 90-120 days later (Rounds 1 and 2). In cows superovulated with 400 mg
FSH, feeding OG decreased (P = 0.08) the percent degenerate embryos recovered. Serum
progesterone was higher (P < 0.05) on the day of embryo collection in OG-supplemented
cows and cows superovulated with 200 mg FSH. Serum cortisol was greater (P < 0.05) in
cows superovulated with 400 compared to 200 mg FSH in Round 2 and cows
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superovulated with both doses in Round 1. In summary, feeding OG may ameliorate the
negative effects of the higher FSH dose used in superovulation protocols thereby
resulting in more transferable and fewer degenerate embryos.

1. Introduction
Embryo transfer is an applied reproductive technology commonly used to improve
female reproductive efficiency, herd genetics and propagate offspring from elite sire-dam
matings (Bó and Mapletoft, 2014). Embryo collection is an important part of the embryo
transfer procedure, as this procedure encompasses superovulation and breeding of the
donor cow. Superovulation requires the donor cow to be handled up to 2Xs/day for a
week, which includes a four-day regimen of 2Xs/day i.m. follicle stimulation hormone
(FSH) injections and one or two days of artificial insemination. This amount of handling
may cause an acute stress response to emerge within the donor cow and reduce the
superovulatory response. Dose of FSH and plane of nutrition are well-known factors
affecting superovulation results (Kafi and McGowan, 1997).
One commonly used current protocol is a 400-mg dose of the FSH product
Folltropin V® (Bioniche, Athens, GA) administered i.m. 2Xs/day during a four-day
period in conjunction with an estrous synchronization protocol (Bó and Mapletoft, 2014).
This FSH dose results in a variable superovulation response with a high rate of
degenerate embryos due to hormonal rescue of follicles destined for atresia. Decreasing
the FSH dose could result in lowering the number of degenerate embryos recovered per
superovulation protocol and potentially increasing the number of transferrable embryos
collected. The amount of follicular development and ovulations resulting from the 400-
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mg FSH dose may lead to an increased inflammatory response within the ovary resulting
in poorer oocyte quality and decreased fertilization.
Stress has been linked to reduced superovulation response and quality of embryos
recovered from donor cattle (Edwards et al., 1987; Ealy et al., 1993; Guerino Macedo et
al., 2011). During a stressful event, the hypothalamus releases corticotrophin releasing
hormone (CRH) which in turn causes release of adrenocorticotropic releasing hormone
(ACTH) from the pituitary gland. ACTH targets the adrenal cortex to release cortisol into
circulation which causes several downstream negative physiologic effects on various
organs. Reproductive performance is hindered during stress due to negative feedback of
cortisol on the hypothalamic-pituitary axis resulting in a decrease in luteinizing hormone
(LH) pulse frequency. Decrease in LH pulse frequency suppresses follicular growth,
ovulation rate, and fertilization (Dobson and Smith, 2000).
Reducing stress during superovulation may be important to the success of the
procedure. One way to potentially reduce the stress response during superovulation may
be through feeding a nutritional supplement, like OmniGen-AF (OG; Phibro Animal
Health Corporation; Teaneck, NJ). OmniGen-AF is a propriety blend of ingredients
shown to support overall animal health by reducing the inflammation response and
supporting the immune health of an animal (Wang et al., 2009; Ryman et al., 2013).
Supplementation with OG reduced several negative physiological responses to stressors,
including responses to heat stress and responses to a pathogen challenge (Carroll and
Forsberg, 2007; Rowson et al., 2011). Therefore, the objective of this research was to
evaluate superovulatory response and serum cortisol and progesterone concentrations in
donor cows supplemented with OG and treated with 200 or 400 mg of FSH.
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2. Material and Methods
2.1 Animal Care and Use: All animals were humanely treated and cared for in
accordance with Oregon State University IACUC Guidelines.
2.2 Animal Housing and Feeding: Twenty-four cross-bred Angus cows were housed in a
free stall barn in Corvallis, OR with access ad libitum to grass hay and water. All cows
received a mixture of ground corn and molasses mix 1X/day. Cows were randomly sorted
into four groups: OG feeding at 0 or 56 g/hd/day and superovulation with 200 or 400 mg
Folltropin V as the FSH. Duration of OG feeding was 49 d with 28 d as a pre-feeding
phase prior to the start of superovulation.
2.3 Estrous Synchronization, Superovulation and Artificial Insemination: All cows
started estrous synchronization on Day 28 of the pre-feeding phase with a single injection
i.m. of prostaglandin F2α (PGF; Lutalyse®, Zoetis, Florham Park, NJ; Figure 1). Ten days
after the first PGF injection cows were started on the four-day FSH regimen. Cows
superovulated with 200 or 400 mg FSH received eight 25-mg doses or eight 50-mg doses
2Xs/day, respectively. All cattle were observed for estrus 24 h after last PGF injection.
Cows were artificially inseminated with one 0.5-ml straw of semen at 0, 12, and 24 h
after estrus onset. Cows not displaying estrus by 36 h after the last PGF injection were
artificially inseminated and at 12 and 24 h thereafter. All cows received 100 μg GnRH
i.m. (Factrel®, Zoetis, Florham Park, NJ) at the time of the first artificial insemination.
2.4 Serum Collection and Analysis: Blood samples were collected by jugular
venipuncture on Days 0, 10, 14, 21, 28, 38, 40, 42, 43, and 49 of the study. Samples were
collected in 10-ml serum separator tubes with clot activator and gel and serum blood
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collection tubes (BD Vacutainer systems, Franklin Lakes, NJ). Serum tubes were
centrifuged at 3,000 X g for 20 min at 4°C, sera were decanted and stored at -80°C until
further analysis.
Serum cortisol concentrations were determined using a commercially available EIA kit
(Arbor Assays, Ann Arbor, MI) according to the manufacturer’s instructions. Serum
progesterone concentrations were measured using a commercially available ELISA kit
(Enzo Life Sciences, Farmingdale, NY).
2.5 Embryo Collection and Grading: Ova were non-surgically collected 7 d after estrus
onset. Flush medium consisted of Dulbecco's phosphate buffered saline containing an
antibiotic/antimycotic solution (Sigma-Aldrich, St. Louis, MO) and 0.2% heat-treated
bovine fetal calf serum (Sigma-Aldrich, St. Louis, MO). Recovered ova were evaluated
for fertilization and embryos were scored for developmental stage and quality using the
four-rank grading scheme described by Lindner and Wright (1983).
Cows were entered into a second round of OG-feeding and superovulation 90-120 d after
the first round. All procedures conducted during the second round were identical to the
first round.

2.6 Statistical Analysis: Repeated measures analyses of variance (ANOVA) for 2 X 2
factorial designs were used to identify differences due to treatments in the total numbers of
ova, embryos, transferrable embryos, degenerate embryos and unfertilized ova (UFO)
recovered, percent embryos, transferrable embryos, degenerate embryos and UFO
recovered of the total number of ova recovered and serum progesterone concentrations on
the day of embryo collection. Sources of variation in the ANOVA were FSH (200 or 400
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mg), OG (0 or 56 g/hd/day), round of superovulation (Round; 1 or 2) and the FSH X OG,
FSH X Round, OG X Round and the FSH X OG X Round interactions. Repeated
measures ANOVA for a 2 X 2 factorial design was used to evaluate differences in serum
cortisol concentrations during the feeding period. Sources of variation in the ANOVA
were FSH, OG, Round, days of blood collection (Day) and the interactions. If significant
effects were observed in the ANOVA differences between means were evaluated using
the Fisher’s least significant differences procedures. All analyses were performed using
the NCSS statistical software program (Number Cruncher Statistical System; 2007, Jerry
Hintze, Kaysville, UT).

3. Results
Of the 24 cows superovulated, ova were collected from 20 cows in each Round. The four
cows in which ova were not collected differed between Rounds 1 and 2. No differences
(P > 0.10) in mean numbers of ova recovered were observed for cows superovulated with
200 or 400 mg FSH (4.3 ± 1.6 vs 8.2 ± 1.6, respectively) or fed 0 or 56 g OG (5.8 ± 1.6
vs 6.7 ± 1.6, respectively). More (P = 0.05) ova were recovered from cows superovulated
in Round 1 compared to Round 2 (7.5 ± 0.8 vs 5.0 ± 0.8, respectively). None of the
interactions were significant factors affecting mean number of ova recovered (Figure 2).
A second analysis was conducted when cows that ova were not recovered were
eliminated from the dataset. The mean number of ova recovered did not differ (P > 0.10)
by FSH (200 mg, 6.2 ± 1.7 vs 400 mg, 8.8 ± 1.5, respectively), OG (0 g, 7.3 ± 1.6 vs 56
g, 7.8 ± 1.6, respectively), Round (Round 1, 8.8 ± 1.0 vs Round 2, 6.3 ± 1.0, respectively)
or any of the interactions (Figure 3).
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Likewise, the average number of embryos recovered among groups were not
affected (P > 0.10) by FSH (200 mg, 5.4 ± 1.7 vs 400 mg, 7.7 ± 1.5, respectively), OG (0
g, 6.5 ± 1.7 vs 56 g, 6.6 ± 1.6, respectively), Round (Round 1, 7.6 ± 0.9 vs Round 2, 5.6 ±
0.9, respectively) or any of the interactions (Figure 4). Percent embryos recovered were
also not affected (P > 0.10) by FSH (200 mg, 84 ± 8% vs 400 mg, 80 ± 7%,
respectively), OG (0 g, 87 ± 8% vs 56 g, 77 ± 7%, respectively), Round (Round 1, 80 ±
5% vs Round 2, 84 ± 5%, respectively) or any of the interactions (Figure 5).
The number of transferrable embryos recovered from cows was not affected (P >
0.10) by FSH (200 mg, 4.3 ± 1.4 vs 400 mg, 6.2 ± 1.3, respectively), OG (0 g, 4.9 ± 1.4
vs 56 g, 5.7 ± 1.3, respectively), Round (Round 1, 6.0 ± 0.7 vs Round 2, 4.6 ± 0.7,
respectively) or any of the interactions. However, when Round was withdrawn from the
ANOVA model more (P = 0.6) transferrable embryos were recovered from cows fed 56 g
OG and superovulated with 400 mg FSH compared to cows superovulated with 200 mg
FSH (Figure 6). The main effects of FSH (200 mg, 68 ± 9% vs 400 mg, 61 ± 8%,
respectively), OG (0 g, 63 ± 9% vs 56 g, 65 ± 8%, respectively), Round (Round 1, 63 ±
5% vs Round 2, 66 ± 5%, respectively) and the interactions did not affect (P > 0.10)
percent transferrable embryos recovered (Figure 7).
The number of degenerate embryos recovered from superovulated cows did not
differ (P > 0.10) by FSH (200 mg, 1.1 ± 0.4 vs 400 mg, 1.5 ± 0.4, respectively), OG (0 g,
1.7 ± 0.4 vs 56 g, 0.9 ± 0.4, respectively), Round (Round 1, 1.6 ± 0.3 vs Round 2, 1.0 ±
0.3, respectively) or any of the interactions (Figure 8). However when Round was
withdrawn from the ANOVA more (P = 0.09) degenerate embryos were recovered from
cows fed 0 vs 56 g OG (1.7 ± 0.4 vs 0.8 ± 0.4, respectively). Percent degenerate embryos
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recovered were also not affected (P > 0.10) by FSH (200 mg, 16 ± 5% vs 400 mg, 20 ±
4%, respectively) or Round (Round 1, 17 ± 5% vs Round 2, 19 ± 5%, respectively).
Percent degenerate embryos recovered were greater (P = 0.08) from cows fed 0 vs 56 g
OG (0 g, 24 ± 5% vs 56 g, 12 ± 5%, respectively) and the FSH X OG interaction was
significant. Percent degenerate embryos recovered from cows superovulated with 400 mg
FSH was greater (P < 0.05) when fed 0 compared to 56 g OG (Figure 9).
No differences (P > 0.10) in unfertilized ova (UFO) recovered were observed for
cows superovulated with 200 or 400 mg FSH (0.8 ± 0.3 vs 1.1 ± 0.3, respectively), fed 0
or 56 g OG (0.7 ± 0.3 vs 1.2 ± 0.3, respectively) and between Rounds 1 and 2 (1.2 ± 0.3
vs 0.7 ± 0.3, respectively). None of the interactions were significant factors affecting
mean numbers of (UFO) recovered (Figure 10). Percent UFO recovered were not affected
(P > 0.10) by FSH (200 mg, 16 ± 8% vs 400 mg, 19 ± 7%, respectively), OG (0 g, 12 ±
8% vs 56 g, 23 ± 7%, respectively), Round (Round 1, 20 ± 5% vs Round 2, 15 ± 5%,
respectively) or any of the other interactions (Figure 11).
Serum progesterone concentrations on Day 7 differed (P < 0.05) by FSH dose
(200 mg, 14.7 ± 1.9 vs 400 mg, 9.1 ± 1.9 ng/ml, respectively) and OG (0 g, 8.8 ± 1.9 vs
56 g, 15.0 ± 1.9 ng/ml, respectively) and the FSH X OG interaction was significant.
Serum progesterone concentration was greater (P < 0.05) in cows fed 56 g OG and
superovulated with 200 mg FSH compared to cows superovulated with 400 mg FSH or
fed 0 g OG and superovulated with either dose of FSH (Figure 12). Round (Round 1,
12.7 ± 2.0 vs Round 2, 11.1 ± 2.2 ng/ml, respectively) and the remaining interactions
were not significant factors affecting serum progesterone concentrations.
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Serum cortisol concentrations did not differ (P > 0.10) by FSH (200 mg, 226.6 ± 24.3
vs 400 mg, 241.7 ± 24.4 pg/ml, respectively) or OG (0 g, 243.9 ± 24.3 vs 56 g, 224.4 ±
24.4 pg/ml, respectively) but were less (P < 0.05) in Round 1 compared to Round 2
(213.0 ± 10.9 vs 255.3 ± 11.1 pg/ml, respectively). Cortisol concentrations also differed
(P < 0.05) by Day where the lowest concentration was observed at the end of the feeding
period, Day 49, and greater concentrations were observed at the start of the feeding
period, Day 0, and at onset of estrus and the day of the first insemination, Day 42 (Table
1). The FSH X Round interaction was also a significant factor contributing to differences
in serum cortisol concentrations. Serum cortisol was greater (P < 0.05) in cows
superovulated with 400 compared to 200 mg FSH in Round 2 and cows superovulated
with both doses in Round 1 (Figure 13). The remaining interactions were not significant
factors affecting serum cortisol concentrations.

4. Discussion
Superovulation response in cattle is variable due to the many different factors
affecting oocyte or early embryo quality (Kafi and McGowan, 1997). Some factors
playing a role in the variability encountered in a donor’s embryo recovery include FSH
dose, animal health and stress during the superovulation procedure (Biancucci et al.,
2016). Different methods for increasing embryo quality and decreasing negative impacts
of superovulation are critical for a successful program. Decreasing the FSH dose during
the superovulation protocol can be one method for improving embryo quality (Bó and
Mapletoft, 2014; Biancucci et al., 2016). Limiting the stress response is another method
that can be used to increase the performance in donor cows (Guerino Macedo et al.,
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2011). Selecting strategies for limiting donor stress are challenging because several
factors cannot be avoided, such as hormone dose, handling and the environment (Guerino
Macedo et al., 2011). One way to reduce the negative impact of the stress response is by
feeding a nutritional specialty product like OG. Research has shown the benefits of
feeding OG when a stressful event occurs, such as heat stress or pathogen challenge
(Carroll and Forsberg, 2007; Rowson et al., 2011).
Results from this study demonstrated how differences in FSH dose can affect
collection rates and feeding OG influences the superovulation response. Rounds of
superovulation also had an effect where donor cows naïve to the superovulation protocol
had greater ova recovery rates compared to the subsequent round. These results are
consistent with previous research reporting lower recovery rates with repeated
superovulation (Lubbadeh et al., 1980).
Dose of FSH and OG feeding interacted in total transferable embryos collected.
Cows fed OG and dosed with 400 mg FSH had a higher number of transferrable embryos
compared to cows not fed OG and injected with 200 mg FSH. From this result, there
appears to be a benefit to donor cattle superovulated with 400 mg FSH and fed OG
during the protocol.
Cows fed OG during the superovulation protocol and dosed with 400 mg FSH
tended to decrease degenerate embryos recovered. This trend was consistent when
percent degenerate embryos was analyzed. Based on these findings, another beneficial
effect of feeding OG emerges when cows are dosed with 400 mg FSH.
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Based on transferrable and degenerate embryo recoveries, OG may afford a
rescuing effect during superovulation. Exogenous FSH is believed to rescue follicles
destined for atresia (Monniaux et al., 1983). Rescued follicles may not be of the best
quality and may have some abnormalities which can lead to poor quality embryos (King
et al., 1987). Feeding OG to cattle during the superovulation protocol may add a
beneficial effect to follicles and the oocytes within that were targeted for atresia.
Blood was collected for serum progesterone determination at the time of embryo
collection which corresponds to Day 7 of gestation. Serum progesterone was different in
the FSH dose groups, as the 200 mg FSH dose had increased P4 concentrations compared
to 400 mg FSH dose. There was also a significant difference was observed between cows
fed OG. Donors cows fed 56 g OG had a higher progesterone concentration at the time of
embryo collection compared to cows fed 0 g OG. Rectal palpation of corpus lutem of all
groups were compared, and there were no differences between groups. Circulating
progesterone concentration during this time is important for early embryo development
because of the temporal and cell-specific changes occurring in the uterus to support
development (Forde et al., 2015). Increased progesterone concentration in these cows
may be due to possibly larger or healthier corpora lutea formed after ovulation.
Ovulation is considered to be an inflammatory event because the ovarian follicle
wall ruptures to allow oocyte to pass into the oviduct (Turner et al., 2012). After
ovulation, there is an increase in innate immune cells, such has macrophages,
lymphocytes and neutrophils, to clear the ovulation site and allow granulosa and theca
interna cells to transform into small and large luteal cells (Turner et al., 2012). OG
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feeding has been shown to have a beneficial effect in supporting the innate immune
system during an inflammatory response (Rowson et al., 2011). The potential benefit of
feeding OG to donor cattle may be related to augmenting priming of the innate immune
system for remodeling the ovulation sites thereby promoting development of healthier
corpora lutea.
Serum cortisol concentrations were measured throughout the feeding period of the
study and were affected by Day of blood collection and Round where cows had lower
serum cortisol in Round 1 compared to Round 2. Cortisol concentrations were
biologically higher on Days 0 and 42 and low on Day 49. Increased concentrations of
cortisol on Day 0 is to be expected, as the cattle were being exposed to a different
environment and handling procedures. Concentrations of cortisol decreased as the trial
continued likely due cow acclimation with the handling procedures. Elevated cortisol
concentrations were also measured on Day 42 during the onset of estrus. Cows that
exhibit estrus become agitated and increase in overall activity. This increase of activity
drives cortisol concentrations up as cows are in standing heat. There was a FSH x Round
interaction observed, in which cows superovulated with 400 mg FSH had increased
cortisol concentrations compared to cows superovulated with 200 mg FSH and cows in
Round 1. Based on this result, it is difficult to explain the increased cortisol concentration
from cows superovulated with 400 mg FSH in Round 2. There could be a physiological
response due to the repeat of the superovulation protocol, but more research is needed to
identify the specific pathway involved in this response.
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Results from this study suggest feeding OG may decrease percent degenerate
embryos from cows superovulated with 400 mg FSH. Feeding OG also increased
progesterone concentrations at the time of embryo collection which may be indicative of
luteal health during this period of early embryo development.
Research needs to be conducted to elucidate the mechanisms behind the changes
in progesterone concentrations observed during OG feeding. Overall, the results support a
potential benefit on embryo quality when donor cows are fed OG during superovulation.
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Figures
Figure 1: Double injection Lutalyse® and FSH protocol for estrous synchronizing and
superovulating donor cattle for embryo collection
 Regimen with Lutalyse
 Two injections of Lutalyse with FSH
 12-day interval
Day 0
Day 12*
|----------------------------------------------------------------------|
Lutalyse
Lutalyse
 FSH: Total dose of 400 mg where eight 50 mg doses of FSH are administered
twice daily, AM and PM, ~12 h
apart, over a 4-day period starting 2 days (Day 10) prior to the second PGF2
treatment (*)
 4 days of FSH

*2nd Lutalyse
----|-----|-----|-----|---Days
10 11 *12 13
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Figure 2: Total ova (mean ± SE) recovered from cows (n=24) superovulated with 200 or
400 mg FSH and fed 0g or 56g OG.
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Figure 3: Total ova (mean ± SE) recovered from cows (n=20) superovulated with 200 or
400 mg FSH and fed 0g or 56g OG.

46

Total embryos recovered

12

Omnigen (g)
0
56

10
8
6
4
2
0
200

400

FSH (mg)

Figure 4: Total embryos (mean ± SE) recovered from cows superovulated with 200 or
400 mg FSH and fed 0g or 56g OG.
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Figure 5: Percent embryos (mean ± SE) recovered from cows superovulated with 200 or
400 mg FSH and fed 0g or 56g OG
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Figure 6: Transferrable embryos (mean ± SE) recovered from cows superovulated with
200 or 400 mg FSH and fed 0g or 56g OG
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Figure 7: Percent transferrable embryos (mean ± SE) recovered from cows superovulated
with 200 or 400 mg FSH and fed 0g or 56g OG
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Figure 8: Degenerate embryos (mean ± SE) recovered from cows superovulated with 200
or 400 mg FSH and fed 0g or 56g OG
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Figure 9: Percent Degenerate embryos (mean ± SE) recovered from cows superovulated
with 200 or 400 mg FSH and fed 0g or 56g OG (P < 0.05)
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Figure 10: Unfertilized Ova (mean ± SE) recovered from cows superovulated with 200 or
400 mg FSH and fed 0g or 56g OG
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Figure 11: Percent Unfertilized Ova (mean ± SE) recovered from cows superovulated
with 200 or 400 mg FSH and fed 0g or 56g OG
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Figure 12: Serum P4 concentration (pg/ml) in donor beef cows during OmniGen-AF®
feeding and superovulation with FSH at time of embryo collection
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Means without similar superscripts differ (P < 0.05)
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Figure 13: Serum cortisol concentrations (pg/ml) in donor beef cows during OmniGenAF® feeding and superovulation with FSH.
a,b
Means without similar superscripts differ (P < 0.05)
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Table 1. Serum cortisol concentrations (pg/ml) pooled over round in donor beef cows
during OmniGen-AF® feeding and superovulation with FSH.

a

Day

Cortisol (pg/ml)a

0

397.0 ± 24.3b

10

194.2 ± 24.3c,d,e

14

224.1 ± 24.3c,d

21

170.6 ± 24.3d,e

28

192.8 ± 24.3c,d,e

38

245.4 ± 24.3c

40

244.2 ± 25.7c

42

330.4 ± 24.3b

43

207.8 ± 24.3c,d

49

135.2 ± 26.0e

Values reported are means ± SE

b,c,d,e

Means without similar superscripts differ (P < 0.05)
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Effects of Feeding OmniGen-AF® on Superovulatory Response in Donor Beef
Cows:
II. In Vitro Embryo Development and Plasminogen Activator Production
Abstract
Embryo quality is a crucial factor when selecting embryos for transfer. Variation in
embryo quality may be attributed to poor oocytes, semen, inflammation, and potential
immune system dysregulation. OmniGen-AF® (OG) supplementation supports immune
system function and animal health. Previously we observed feeding beef cattle donors
OG during superovulation decreased percent degenerate embryos recovered, decreased
cortisol, and increased progesterone concentrations. Therefore, we evaluated the effects
of OG supplementation on in vitro embryo development in superovulated beef cattle.
Twenty-four cross-bred beef cows that had never been superovulated were randomly
assigned to four treatment groups: 0 g OG/hd/d and 200 mg FSH (0/200); 0 g OG/hd/d
and 400 mg FSH (0/400), 56 g OG/hd/d and 200 mg FSH (56/200) and 56 g OG/hd/d and
400 mg FSH (56/400). Cows were fed OG for 49 d (where d 0 = start of the feeding
period). Superovulation was started on d 28 and ova were nonsurgically recovered on d
49. Good to excellent quality morulae and early blastocysts were cultured for 8 d to
evaluate in vitro embryo development and quantify embryonic plasminogen activator
(PA) production. On the last day of culture, embryos were measured for computing
volume. The entire protocol was repeated 90-120 d later with cows reassigned to their
original groups. Percent blastocysts hatching was greater (P<0.05) by embryos recovered
from cows superovulated with 200 mg FSH and fed 0 g OG compared to cows
superovulated with 200 mg FSH and fed 56 g OG or superovulated with 400 mg FSH and
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fed 0 g OG. Greater (P<0.05) embryo volumes were attained by embryos recovered from
cows treated with 200 mg FSH in Round 1 compared to all other treatments. Embryos
recovered from cows superovulated with 400 mg FSH and fed OG produced more
(P<0.05) PA compared to all other groups and peak PA production was observed at 72120 hours of culture. In summary, OG supplementation improved in vitro development in
embryos recovered from cows superovulated with the standard 400 mg dose of FSH.
1. Introduction
Assisted reproductive technologies are commonly used to improve overall herd
genetics and female reproductive performance (Bó and Mapletoft, 2014). Embryo
collection and transfer is one of the common assisted reproductive technologies that is
used in both the beef and dairy industry. One factor that is important for an embryo
transfer program is the quality of the embryo collected from a donor cow (Bó and
Mapletoft, 2013). The quality of embryos is important for indication of stage of
development and ensuring that only viable embryos are transferred into a recipient cow.
Embryo quality is also important to note for a cryopreservation process as poor quality
embryos do not survive this process.
Embryo quality is broken into two different categories: stage of development and
overall visual inspection of the embryo (Bó and Mapletoft, 2013). Embryo development
is based on the cellular divisions of the embryo at the time of collection and these
guidelines have been set by the International Embryo Transfer Society (IETS). The stages
of an excellent quality embryo are between a morulae and an early blastocyst, which
correlates to roughly day 7 of development and that have a symmetrical mass of cells
with very few irregularities (Linder and Wright, 1983). The stages of embryos collected

54

range from unfertilized oocyte to a hatched blastocyst, with only morulaes and early
blastocysts used for a transfer program. The quality score of embryos are based off of the
visual inspection of the mass of cells, with excellent to good embryos receiving a score
of 1 to degenerate/dead embryos receiving a score of 4 (Bó and Mapletoft, 2013).
In order for successful pregnancy to occur after embryo transfer, the embryo needs to
complete the hatching process to allow attachment and implantation along the uterine
horn. The hatching process occurs around days 9-10 of development, and at this time the
embryo will break free of the zona pellucida (Senger, 2012). The process of breaking free
from the zona pellucida involves hydrostatic pressure from the expanding blastocyst and
a specific enzyme plasmin to soften or enzymatically digest the components of the zona
pellucida (Castellino, 1983; Kaaekuahiwi and Menino, 1990). Plasmin is expressed when
the developing embryo begins to secrete a serine protease, plasminogen activator (PA) to
bind with a zymogen, plasminogen (Kaaekuahiwi and Menino, 1990). As the blastocyst
starts to expand within the zona pellucida, PA will increase in concentration which is
concurrent with the time of embryonic hatching (A R Menino and Williams, 1987;
Kaaekuahiwi and Menino, 1990). Kaaekuahiwi and Menino (1990) demonstrated that
hatching success of embryos is positively correlated with increased concentrations of PA
and embryonic cell mass. Embryos that failed to hatch had a lower concentration of PA
around day 9 of development. From this research, success of embryonic hatching and
further development may be at least partially related to PA production.
Other factors can play a role in the quality of embryos collected, such as nutritional
status, stress, age of the donor, health and hormone dose given to the donor. Hormone
dose is an important factor to examine, as the amount of follicle stimulating hormone
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(FSH) can rescue follicles that begin to undergo atresia (Hendriksen et al., 2000).
Reducing the dose of FSH can lower the total number of oocytes collected, but increase
the number of transferrable embryos collected during a superovulation protocol.
Nutritional status is important, as this can lead to an undesirable body condition score
(BCS) at time of embryo collection and potentially stress if the quality of feed is poor
(M.A. Velazquez, 2011). Stress is an important factor to consider, because increased
stress on an animal will negatively impact all production endpoints and reproduction
(Guerino Macedo et al.; Hansen et al., 2001). Different methods have been investigated
to reduce stress to the donor cow during the superovulation protocol and embryo
collection, to increase the quality of embryos collected during this time. One method of
ensuring overall animal health and potentially improving embryo quality is through
nutritional supplementation.
There are different methods and molecules of nutritional supplementation such as
lipids, proteins, minerals and vitamins that have been linked to a superovulation protocol
and embryo quality (M.A. Velazquez, 2011; Kruse et al., 2017). Of these different
nutritional supplementations, research has shown both positive and negative effects of
each in regards to reproductive performance. Other nutritional supplements on the market
have demonstrated a benefit for overall animal performance and health, but little research
has been done to determine the reproductive performance.
One nutritional supplement that has shown a benefit for overall animal health and
little research in reproductive efficiency is OmniGen-AF®. OmniGen-AF® (OG, Phibro
Animal Health Corporation, Teaneck, NJ) is a nutritional specialty product that is a blend
of propriety ingredients, shown to support overall health of the animal (Brandão et al.,
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2016). Research with OG has shown to support animal health during periods of stress,
such as heat stress by mitigating the negative effects during this period of time (Fabris et
al., 2017; Skibiel et al., 2017). Feeding OG has been shown to support immune system
regulation during stressful events (Wang et al., 2007; Rowson et al., 2011). Currently
within industry, dairy producers who use the product have reported a benefit in
reproductive performance with the addition of OG into their herd. Therefore, the
objective of the study was to evaluate the effects of OG supplementation and modifying
the dose of FSH on in vitro embryo development in superovulated beef cattle.

2. Material and Methods
2.1 Animal Care and Use: All animals were humanely treated and cared for in
accordance with Oregon State University IACUC Guidelines.
2.2 Animal Housing and Feeding: Twenty-four cross-bred Angus cows were housed in a
free stall barn in Corvallis, OR with access to ad libitum grass hay and water. Cows were
blocked for age, and randomly assorted into control or OG supplemented groups. All
cows received a mixture of ground corn and molasses mix once a day. Cows on
supplement received 56g/h/d, which was added to the mixture listed previously. The
duration of the supplementation was 49 d, with a 28 d pre-feeding phase prior to the start
of the superovulation protocol.
2.3 Estrous Synchronization, Superovulation and Artificial Insemination: Cattle from
both groups were randomly assorted into either 200 or 400 mg FSH (Folitropin®,
Bioniche, Athens, GA). Cows in the 200mg FSH treatment received eight 25mg doses
twice daily, compared to the 400mg dose receiving eight 50mg doses twice daily. All
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cattle started estrous synchronization as previously described in paper one on 28 d of the
pre-feeding phase, with a single dose of prostaglandin f2α (PGF2α) (Lutlyase®, Zoetis,
Florham Park, NJ). Ten days after the first injection of PGF2α, cattle received a 4 day
regimen of FSH within their respected groups. All cattle were observed for estrus 24 h
after last PGF2α injection. All cattle were artificially inseminated with 0.5cc of semen at
0, 12, and 24 hours post estrus. Cattle that did not show signs of estrus at 36 h post PGF2α
injection, were artificially inseminated at that time and also artificially inseminated at 12
and 24 hours after the first breeding. All cows received 100 μg GnRH (Factrel®, Zoetis,
Florham Park, NJ) at the time of the first artificial insemination.
2.4 Embryo Collection and Grading: Embryos were collected from all cattle seven days
after estrus onset by non-surgical uterine flushing technique. The flush medium consisted
of Dulbecco's phosphate buffered saline containing 10% antibiotic antimyotic solution
(Sigma-Aldrich, St. Louis, MO) and 0.2% heat-treated bovine fetal calf serum (SigmaAldrich, St. Louis, MO). Embryos recovered were scored for developmental stage and
quality using the four rank grading scheme devised by Lindner and Wright (1983).
2.5 Embryo Culture and In Vitro Development: Good to excellent quality late morulae to
early blastocysts were cultured singly in 15-µl microdrops for Ham’s F-12 containing
1.5% BSA under paraffin oil on 15 x 60 mm plastic tissue culture dishes in a humidified
atmosphere of 5% CO2 in air at 39°C for 8 d.. Embryos were transferred to a fresh
microdrop every 24 hours and 10 µl of culture media was collected and stored at -20°C
for PA analysis. Prior to transferring, embryos were examined for stages of development:
morulae, early blastocyst, blastocyst, expanded blastocyst, initiating blastocyst and
hatched blastocyst.
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2.6 Embryo Volume: After 192 hr (8 d) in culture, embryos were measured for volume
using an ocular micrometer. Measurements were recorded either in diameter or length x
width depending on the size and shape of the embryo and all measurements were
recorded in micrometers. The volume of a prolate ellipsoid was used to determine
embryo volume (Figure 14). This specific ellipsoid was used because at Day 15 of
development the embryo starts to elongate. The final number in the equation is given in
cubic microns and converted to nanoliters (1 nl = 1 x 106 cubic microns).

b

a

Volume of Prolate
Ellipsoid:
4 2
πa b
3

b

Figure 14: Volume of Prolate Ellipsoid
2.7 Plasminogen Activator Assay: Embryonic PA concentration was determined by use of
a caseinolytic agar gel assay as described by Kaaekuahiwi and Menino (1990) (Alfred R
Menino and Williams, 1987; Kaaekuahiwi and Menino, 1990). To determine PA activity,
10 µl of culture media or urokinase PA standard was combined with 15 µl of 120 ng/µl
human plasminogen. Plasminogen is used, because it will bind with PA which in return
will form plasmin. Plasmin will break down the casein and form a ring in the agar, which
will allow activity to be determined. Urokinase is used as a standard, as the type of PA
the embryo is secreting during early development. The reaction tubes were incubated for
15 minutes at 37°C cell culture incubator with 5% CO2, and then 20 µL of the mix was
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added to the caseinolyic agar gel and incubated over night at room temperature to
determine plasmin activity. After 24 hours, the reaction was stopped by incubating the
plates in 3% acetic acid for 15 minutes. Plates were rinsed and ring diameters were
measured using an electronic digital caliper. Concentrations of PA was determined by
ring diameter from the standard curve by log urokinase concentration.
2.8 Statistical Analysis: Chi-square analysis was used to determine differences in percent
embryos developing to the expanded, hatching and hatched blastocyst stages due to FSH
dose, OG feeding and Round. Repeated measures analyses of variance (ANOVA) for 2 X
2 factorial designs were used to identify differences due to treatments in times required for
embryos to develop to a specific cell stage and embryo volumes. Sources of variation in
the ANOVA were FSH (200 or 400 mg), OG (0 or 56 g/hd/day), round of superovulation
(Round; 1 or 2) and the FSH X OG, FSH X Round, OG X Round and the FSH X OG X
Round interactions. Repeated measures ANOVA for a 2 X 2 factorial design was used to
evaluate differences in PA production during culture. Sources of variation in the ANOVA
were FSH, OG, Round, time in culture (Time) and the interactions. If significant effects
were observed in the ANOVA differences between means were evaluated using the
Fisher’s least significant differences procedures. All analyses were performed using the
NCSS statistical software program (Number Cruncher Statistical System; 2007, Jerry
Hintze, Kaysville, UT)
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3. Results
Ova were collected from 20 cows in each round. The four cows in which ova were
not collected differed between Rounds 1 and 2.
Percent embryos developing to the expanded, hatching and hatched blastocyst stages
did not differ (P > 0.10) due to Round. Development to the expanded blastocyst stage
was similar (P > 0.10) for embryos recovered from cows superovulated with either dose
of FSH and fed either 0 or 56 g OG (Figure 15). Percent embryos initiating hatching was
greater (P < 0.05) by embryos recovered from cows fed 0 g OG and superovulated with
200 vs. 400 mg FSH (Figure 15). Percent embryos completing the hatching process
followed a similar path as initiation of hatching where more (P < 0.05) embryos hatched
from cows superovulated with 200 mg FSH and fed 0 g OG compared to cows
superovulated with 200 mg FSH and fed 56 g OG or superovulated with 400 mg FSH and
fed 0 g OG (Figure 15).
Time required for embryos to develop to the expanded blastocyst stage were not
affected (P > 0.10) by FSH (200 mg, 33.1 ± 3.8 hours vs. 400 mg, 35.1 ± 3.0 hours), OG
(0 g, 34.4 ± 3.4 hours vs. 56 g, 33.9 ± 3.3 hours) or Round (Round 1, 33.6 ± 2.7 hours vs.
Round 2, 34.7 ± 3.1 hours). However, the FSH X OG interaction was significant where
development was slower (P < 0.05) in embryos recovered from cows fed 0 g OG and
superovulated with 400 compared to 200 mg FSH (Figure 16). No other interactions were
significant factors affecting time to blastocoelic expansion.
Times for embryos to initiate the hatching process were not affected (P > 0.10) by
FSH (200 mg, 64.3 ± 6.2 hours vs. 400 mg, 60.4 ± 5.0 hours), OG (0 g, 61.5 ± 5.7 hours
vs. 56 g, 63.3 ± 5.3 hours) or Round (Round 1, 58.7 ± 2.7 hours vs Round 2, 66.0 ± 3.0
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hours). Both the FSH X Round and the OG X Round interactions were significant.
Development to initiating of hatching was slower (P < 0.05) in embryos recovered from
cows superovulated with 200 mg FSH in Round 2 compared to cows in Round 1 and
cows superovulated with 400 mg FSH in Round 2 (Figure 17). Development to initiating
of hatching was also slower (P < 0.05) in embryos recovered from cows superovulated
with 400 vs 200 mg FSH in Round 1 (Figure 17). Embryos recovered from cows fed 56 g
OG initiated hatching sooner (P < 0.05) in Round 1 compared to Round 2 (Figure 18).
No other interactions were significant factors affecting time to initiate hatching (Figure
16).
Times required for embryos to complete hatching were not affected (P > 0.10) by
FSH (200 mg, 77.0 ± 3.2 hours vs. 400 mg, 78.2 ± 2.6 hours), OG (0 g, 80.3 ± 2.9 hours
vs. 56 g, 74.9 ± 2.8 hours) or Round (Round 1, 81.7 ± 3.4 hours vs. Round 2, 73.5 ± 3.7
hours). The FSH X Round interaction was significant and completion of hatching was
slower (P < 0.05) by embryos recovered from cows superovulated with 400 mg FSH in
Round 1 compared to Round 2 (Figure 19). No other interactions were significant factors
affecting time to complete hatching (Figure 16).
Embryo volumes at the end of culture were not affected (P > 0.10) by FSH (200 mg,
10.8 ± 1.6 nl vs. 400 mg, 7.5 ± 1.3 nl) or OG (0 g, 9.1 ± 1.4 nl vs. 56 g, 9.2 ± 1.4 nl).
Embryos recovered from cows in Round 1 attained larger (P < 0.05) volumes compared
to embryos recovered from cows in Round 2 (10.9 ± 0.8 nl vs. 7.4 ± 0.9 nl, respectively).
The FSH X Round interaction was also significant and volumes attained were greater (P
< 0.05) by embryos recovered from cows superovulated with 200 compared to 400 mg
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FSH in Round 1 and both doses in Round 2 (Figure 20). No other interactions were
significant factors affecting embryo volume.
Plasminogen activator production by cultured embryos was not affected (P > 0.10) by
FSH (200 mg, 0.055 ± 0.024 vs. 400 mg, 0.074 ± 0.019 IU/ml) or OG (0 g, 0.046 ± 0.022
vs. 56 g, 0.082 ± 0.021 IU/ml). Plasminogen activator production by embryos recovered
in Round 1 was greater (P < 0.05) compared to Round 2 (0.099 ± 0.012 vs. 0.029 ± 0.014
IU/ml, respectively). The OG X Round interaction was significant where PA production
was greatest (P < 0.05) by embryos recovered from cows fed 56 g OG in Round 1 (Figure
21). Similarly, the FSH X OG X Round interaction was also significant where PA
production was greatest (P < 0.05) by embryos recovered from cows superovulated with
400 mg FSH and fed 56 g OG compared to all other treatments (Figure 22). Plasminogen
activator production differed (P < 0.05) by time in culture and the Round X Time
interaction was significant (Figure 23). Peak PA production (P < 0.05) was observed
during 72-120 hours of culture and PA production was greater (P < 0.05) by embryos
recovered in Round 1 at 48-192 hours compared to Round 2 (Figure 23). The remaining
interactions were not significant factors affecting embryonic PA production.
4. Discussion
Embryo quality can be affected by many different variables during the superovulation
process (Bó and Mapletoft, 2014). The quality of embryos collected is highly important,
as this is a strong indicator of successful hatching and attachment when used in a transfer
program (Linder and Wright, 1983). Different methods of determining quality of
embryos include visual inspection of stage of development and any signs of degeneration
or unusual cellular division (Bó and Mapletoft). Certain factors that are involved with
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superovulation, such as FSH dose, handling of donor cows and overall animal health can
decrease the quality of embryos that are collected (Guerino Macedo et al., 2011). These
factors can elicit a stress response, which is another critical factor that affects embryo
quality (Dobson et al., 2001).
Reducing the stress response during the superovulation program is important for
reducing negative factors that can affect quality of embryos that are developing prior to
collection (Dobson et al., 2001). One way to reduce the response of stress and ensure
animal health for a donor cow is through nutritional supplementation. One nutritional
supplement on the market, OG has been shown to support animal health during periods of
stress (Fabris et al., 2017). Research with OG has shown benefits during the transition
period in dairy cows and during periods of heat stress, by limiting the occurrence of
health events and increasing production (Ryman et al., 2013; Skibiel et al., 2017).
The results from this study demonstrated how different concentrations of FSH dose
during a superovulation protocol can affect in-vitro embryo development. It was also
determined that OG supplementation during this period can affect embryo development
during an in-vitro culture. These results are similar to previous research comparing invitro embryo development and PA production to embryo viability (Menino and Williams,
1987; Kaaekuahiwi and Menino, 1990).
There was an overall tendency for a FSH x OG interaction in regards to the percent of
embryos that completed the hatching process in the first round of the superovulation
protocol. There was a significant difference between FSH dose when supplemented cows
were grouped together. Embryos collected from donor cows receiving 200 mg FSH had a
greater hatching percentages than embryos collected from donor cows receiving 400 mg
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FSH. When OG supplement was examined, there was no difference with the 200 mg FSH
with OG supplementation on percent hatching, but there was a significant difference with
donor cows receiving 400 mg FSH and OG supplementation. Embryos from this group
had a greater hatching percentage than embryos that were recovered from donor cows
that did not receive supplementation. From these results, there appears to be a benefit for
embryos that were recovered from donor cows supplemented with 400 mg FSH and
receiving OG supplementation.
Time to specific embryonic stage is important, because embryos that take a long time
to hatch from the zona pellucida may result in missing the window for signaling
pregnancy (Vanroose et al., 2000). There was a tendency for embryos to initiate hatching
in the 200 mg FSH group compared with the 400 mg FSH group in the first round of the
superovulation protocol. Based on these results, embryos recovered from cows receiving
200 mg FSH may have a greater chance of further development.
In the second round of the superovulation protocol, there was a reverse response in
the initiation of hatching. The 400 mg FSH group initiated hatching quicker than the 200
mg FSH group. One thing to note in the second round, there were fewer embryos that
were cultured in the 200 mg FSH group than the 400 mg FSH group. The number of
embryos cultured between groups may be the reason for the difference between rounds.
Embryo volume was measured at the end of the culture, which is analogous to day 15
of development. From the first round of the superovulation protocol, embryos in the 200
mg FSH group had greater volumes than embryos in the 400 mg FSH group. This result
shows a benefit for using the 200 mg dose of FSH than 400 mg dose of FSH, as embryos
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reach a greater volume. The greater volume relates to a healthier embryo and improved
opportunity for development.
Throughout the entire in vitro embryo culture [PA] was measured to determine
embryonic activity and its relation to hatching success. Increased [PA] has been linked
with successful embryo hatching in vitro and potentially healthier embryos (A R Menino
and Williams, 1987; Kaaekuahiwi and Menino, 1990). From the first round of culture,
there was a significant difference for a Time x FSH x OG interaction. The interaction was
noticed at 72 hours and 96 hours in culture, which embryos from 400 mg FSH and OG
supplementation had greater PA production compared with the other groups. This time
period is important, as embryos start the hatching process around Days 9 -10 in vivo,
which corresponds to 72-96 hours in culture (Linder and Wright, 1983). From this result,
it shows that OG supplementation of donor cows receiving 400 mg FSH, have a tendency
to produce healthier embryos that produce greater PA production compared to other
groups.
In the second round of culture, the results were not as significant, but there was a
slight trend for a similar pattern of PA production as seen in the first round of culture. It
is important to note that there were a fewer embryos cultured in the second round
compared to the first round of culture.
Research with respect to this product should to be performed to examine effects of
early embryonic development. Investigating the specific changes in growth factor
expression, cell adhesion receptors on hatched embryos and changes in gene expression
patterns are some areas that should be examined to fully understand the effect of the OG
on early embryonic development.
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Overall, the results show that there seems to be a benefit of OG supplementation on
early embryonic development, when these embryos were recovered from cows receiving
400 mg dose FSH. OG supplementation has been linked to lowering the stress response,
and supporting immune function of animals as well (Wang et al., 2007). We have
determined that there was a reduction of serum cortisol concentration and increased
progesterone concentration with the addition of OG to the protocol. The in-vitro
development of these embryos shows the positive effect of decreasing cortisol
concentration and increasing progesterone concentration. Based on these results, there is
a potential benefit for OG supplementation and early embryonic development.
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Figure 15: Percent embryos developing to the expanded, initiating hatching and hatched
blastocyst stages recovered from cows superovulated with 200 or 400 mg FSH and fed 0
or 56 g OmniGen-AF(Omnigen)
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Figure 16: Times (means ± SE) required for embryos to develop to the expanded,
initiating hatching and hatched blastocyst stages recovered from cows superovulated with
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF (Omnigen)
a,b
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Figure 17: Time (means ± SE) to initiation of hatching for embryos recovered from cows
superovulated with 200 or 400 mg FSH in Rounds 1 and 2
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Figure 18: Time (means ± SE) to initiation of hatching for embryos recovered from cows
fed 0 or 56 g OmniGen-AF(Omnigen) in Rounds 1 and 2
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Means without similar superscripts differ (P < 0.05)
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Figure 19: Time (means ± SE) to hatching for embryos recovered from cows
superovulated with 200 or 400 mg FSH in Rounds 1 and 2
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Figure 20: Embryonic volumes (means ± SE) determined at the last day of culture for
embryos recovered from cows superovulated with 200 or 400 mg FSH and fed 0 or 56 g
OmniGen-AF(Omnigen) in Rounds 1 and 2
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Figure 21: Plasmingon activator production (means ± SE) in vitro by embryos recovered
from cows fed 0 or 56 g OmniGen-AF (Omnigen) in Rounds 1 and 2
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Figure 22: Plasmingon activator production (means ± SE) in vitro by embryos recovered
from cows superovulated with 200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF
(Omnigen) in Rounds 1 and 2
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Effects of Feeding OmniGen-AF® on Superovulatory Response in Donor Beef
Cows:
III: Metabolic and Inflammatory Serum Maker and Gene Expression
Abstract
Overall health status of a cow chosen for a superovulation program is important
for decreasing the variability in embryo quality. Nutritional status, metabolism and
certain parameters of health may attribute to a poor response in chosen donor cattle.
OmniGen-AF® (OG) feeding has been shown to support animal health by assisting with
regulation of metabolic status and supporting immune function. Previously we observed
OG feeding decreased percent degenerate embryos recovered from donors, increased
serum progesterone concentration and plasminogen activator production from cultured
embryos. Therefore, we evaluated the effects of OG feeding on serum markers of
metabolic function, immune status and inflammation during the superovulation protocol.
Twenty-four cross-bred beef cows that had never been superovulated were randomly
assigned to four treatment groups: 0 g OG/hd/d and 200 mg FSH (0/200); 0 g OG/hd/d
and 400 mg FSH (0/400), 56 g OG/hd/d and 200 mg FSH (56/200) and 56 g OG/hd/d and
400 mg FSH (56/400). Cows were fed OG for 49 d (where d 0 = start of the feeding
period). Superovulation was started on d 28 and ova were nonsurgically recovered on d
49. Blood was collected on Days 0, 10, 14, 21, 28, 38, 42, 43, and 49 for serum and gene
expression analyses. The protocol was repeated on all cows 90-120 d later with cows
reassigned to their original groups and fed OG for 49 d. The main effects of FSH dose or
OG supplementation affected neither (P >0.10) serum concentration nor expression of
the serum markers analyzed. There was an overall difference between Rounds, with the
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first round of superovulation being lower (P < 0.05) for albumin, IL1β, IL6, PGE2 and
leptin concentrations analyzed compared to the second round. Lower (P < 0.05)
expression of CXCR2 and CD62L occurred in Round 1 compared to Round 2.
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1. Introduction
Embryo collection and transfer are two commonly used assisted reproductive
techniques used in both the beef and dairy industries. These techniques are used to
increase genetic improvement quickly within the herd, with the use of a desirable dam
and sire mating (Bó and Mapletoft, 2014). Embryo collection requires superovulation
of the donor cow which involves multiple injections of follicle stimulating hormone
(FSH) to allow multiple follicles to be ovulated at one time. Embryos are frequently
collected at day 7 of gestation and either transferred directly or cryopreserved and
transferred later into estrus-timed recipients (Mapletoft and Bó, 2013).
During the superovulation period, it is important to reduce any potential factors
that can cause a decrease in embryo quality at the time of collection. Some factors
that can results in decreased quality are: nutritional status, age of the donor, stress,
and metabolic and health status of the donor (M A Velazquez, 2011). Age of the
donor plays a role in embryo quality, as the oocytes are aged and may be prone to
fertilization failure and early embryonic death. Nutritional status also is important for
the donor, as a poor plane of nutrition can decrease body condition score also leading
to decrease fertilization rates and embryo quality (M A Velazquez, 2011).
Nutritional status also plays a key role in maintaining metabolic function in cattle,
as poor nutrition decreases metabolic status (Walsh et al., 2012). Metabolic status is
an important factor for reproductive performance. Glucose and insulin are important
regulators of metabolic status and they are also important for reproductive status.
Dysregulation in these two factors will cause issues with ovulation, fertilization and
conception success (Diskin et al., 2003). Other factors involved with understanding
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metabolic status are blood urea nitrogen (BUN), non-esterified fatty acids (NEFA),
and beta-hydroxybutyrate (BHB). BUN is a product of rumen undegradable protein
(RUP) and fluctuates throughout the day (Butler, 1998). Research has shown a
negative impact with increased serum BUN concentrations on overall reproductive
performance. NEFA concentrations are important to determine mobilization of fat
stores within the body. This also plays a role in reproductive performance as when
NEFA concentrations are elevated there is a negative impact on ovulation and early
embryonic development (Moussa et al., 2015). BHB is a ketone body that is also
involved with mobilization of fat breakdown and when concentrations are elevated it
will also cause a negative impact on reproductive performance (Beever, 2006).
Other factors that play a role in the success of a superovulation program are acute
phase proteins (APP), pro-inflammatory cytokines, and other hormones such as
prostaglandin E2 (PGE2) and leptin. Acute phase proteins such as haptoglobin, serum
amyloid A (SAA) and albumin are important to measure because their concentrations
increase when an inflammation event emerges (Turner et al., 2012). If a bacterial
infection occurs in the uterus the liver will increase production of these proteins and
they can cause a decrease in ovulation and fertilization success (Ceciliani et al.,
2012). Pro-inflammatory cytokines, such as interleukin 1-beta (IL1-β) and interleukin
6 (IL6), are also important as these cytokines increase production of acute phase
proteins (Turner et al., 2012). Increases in isolated concentrations of these proinflammatory cytokines are important for cellular turnover after ovulation. An overall
increase in these cytokines is indicative of an inflammation event.

84

PGE2 is an important hormone involved with early embryonic development in
vivo as increased concentration of this hormone decreases myometrial contractility
(Sponchiado et al., 2017). Leptin is another hormone associated with reproduction as
an increased leptin concentration is associated with decreases in follicular size and
ovulation rates (Boland et al., 2001). All of these factors have an effect on
reproductive performance and may influence the success of a superovulation
protocol. There are different methods to regulate these factors to ensure a successful
superovulation protocol. One method commonly used is nutritional supplementation.
A nutritional supplement that has been shown to assist with regulation of these
different parameters is OmniGen-AF® (OG) (Phibro Animal Health, Teaneck, New
Jersey).
Research with OG has shown a positive effect on animal health during periods of
stress, such as heat stress and pathogen challenges (Wang et al., 2009; Ryman et al.,
2013). In order to support animal health status, OG has been shown to have a positive
effect on immune status as well (Branson, 2014). Two specific markers of increased
immune status are interleukin-8 receptor (CXCR2) and L-selectin (CD62L) and both
are upregulated with OG supplementation (Wang et al., 2007). OG feeding has also
been shown to regulate metabolic pathways and maintain overall function of animal
health (Hall et al., 2014). Little research has been conducted evaluating the effects of
OG supplementation on reproductive performance. Therefore the objective of this
study was to determine the effects of OG supplementation on serum markers of
metabolic activity and gene expression markers on immune status during a
superovulation protocol.
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2. Material and Methods
2.1 Animal Care and Use: All animals were humanely treated and cared for in
accordance with Oregon State University IACUC Guidelines.
2.2 Animal Housing and Feeding: Twenty-four cross-bred Angus cows were housed
in a free stall barn in Corvallis, OR with access to ad libitum grass hay and water.
Cows were blocked for age, and randomly assorted into control (0 g) or OG
supplemented groups (56 g). All cows received a mixture of ground corn and
molasses mix once a day. Cows on supplement received 56 g/h/d, which was added to
the mixture listed previously. The duration of the supplementation was 49 d, with a
28 d pre-feeding phase prior to the start of the superovulation protocol.
2.3 Estrous Synchronization, Superovulation and Artificial Insemination: Cattle from
both groups were randomly assorted into either 200 or 400 mg FSH (Folltropin®,
Bioniche, Athens, GA). Cows in the 200 mg FSH treatment received eight 25-mg
doses twice daily, compared to the 400 mg dose who received eight 50-mg doses
twice daily. All cattle started estrous synchronization as previously described on 28 d
of the pre-feeding phase with a single dose of prostaglandin F2α (PGF2α) (Lutalyse®,
Zoetis, Florham Park, NJ). Ten days after the first injection of PGF2α, cows received a
4-day regimen of FSH within their respected groups. Cows were observed for estrus
24 h after the last PGF2a injection and were artificially inseminated with 0.5 cc of
semen at 0, 12, and 24 hours post-estrus onset. Cows that did not show signs of estrus
at 36 h following the second PGF2a injection were artificially inseminated at that time
and 12 and 24 hours later. All cows received 100 µg of GnRH (Factrel®, Zoetis,
Florham Park, NJ) at the time of the first artificial insemination.
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2.4 Blood Collection: Blood samples were collected by jugular venipuncture on
Days 0, 10, 14, 21, 28, 38, 40, 42, 43, and 49 of the study. For serum samples, blood
was collected in 10-ml serum separator tubes with clot activator and gel and serum
blood collection tubes (BD Vacutainer systems, Franklin Lakes, NJ). Serum tubes
were centrifuged at 3,000 X g for 20 min at 4°C and sera were stored at -80°C until
further analysis. Blood samples for gene expression were collected in Tempus Blood
RNA Tubes (Cat no 4342792, Thermo Scientific, Waltham, MA). Immediately after
blood collection, tubes were shaken vigorously for 15 sec and stored at -20°C until
RNA purification (less than 3 months).
2.5 RNA Purification and qPCR analysis
RNA was purified using the Tempus Spin RNA Isolation kit (Cat no 4380204,
Thermo Scientific) and upon completion, samples were stored at -80°C until
RTqPCR. RNA was evaluated for quality and concentration using the Thermo
Scientific NanoDrop Lite Spectrophotometer (Cat No. ND-LITE, Waltham, MA).
RNA with an absorbance ratio (260 nm:280 nm) above 2.0 was used for analysis. All
samples were diluted to 5 ng/µl for RT-qPCR analysis. Each sample was run in
duplicate for specific target genes and concentrations were based on a standard curve
for each gene. Two target genes of interest were chosen based on previous research of
immune regulation with OG supplementation. The target gene markers were
Interleukin-8 receptor (CXCR2; Lacy et al., 2015) and L-selectin (CD62L; Ryman et
al., 2013). All primers were ordered from the pre-designed catalog of bovine primers
from ThermoFisher Scientific. The reaction mix per well was as follows: 5 µl RNA, 9
µl RNase/DNase free water (Cat. no. RO582, ThermoFisher Scientific, Grand Island,
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NY), 5 µl Taqman Fast-Virus Master Mix (Cat. no. 4444434, ThermoFisher
Scientific, Carlsbad, CA), and 1 µl target primer. RT-qPCR analysis was conducted
in a CFX96 optics unit mounted on a C1000 touch base (BioRad, Hercules, CA). All
unknown samples were compared against standard curves created from the probe
region of commercially available primer/probe sets (ThermoFisher Scientific).
Standard curve constructs and analysis were performed as described by Armstrong et
al. (2016).
2.6 Serum Analysis
All serum samples were analyzed in duplicate for all targeted endpoints. BUN
(cat no K024-H1) and insulin (cat no K046-H1) concentrations were determined by
use of a commercially available colorimetric detection kit (Arbor Assays, Ann Arbor,
MI) according to the manufacturer’s instructions. PGE2 (cat no EHPGE2,
ThermoFisher Scientific, Frederick, MD), leptin (cat no CSB-E06771b, Cusabio,
College Park, MD), IL-1β (cay no SEA563Bo, Cloud-Clone Corp, Houston, TX), IL6 (cat no HEA079Bo, Cloud-Clone Corp, Houston, TX), haptoglobin (cat no
MBS564002, San Diego, CA) and SAA (cat no TP 802, Tridelta, Booton, NJ)
concentrations were determined by use of commercially available ELISA kits.
Albumin (cat no 0285, Stanbio Laboratory, Boerne, TX) concentration was
determined using a commercially available colorimetric detection kit adapted to be
analyzed on a 96-well Corning plate. BHB (cat no 2440, Stanbio Laboratory, Boerne,
TX) concentration was determined using a commercially available colorimetric
detection kit as described by Hall et al. (2014). Glucose (cat no 439-90901, Wako
Diagnostics, Richmond, VA) and NEFA (cat nos 999-34691, 995-34791, 991-34891,
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993-35191 and 276-76491, Wako Diagnostics, Richmond, VA) concentrations were
determined with use of commercially available colorimetric kits and assays were
performed as described by Burdick Sanchez et al. (2014).
2.7 Statistical Analysis
Repeated measures ANOVA for a 2 X 2 factorial design were used to evaluate
differences in serum albumin, BHBA, BUN, glucose, haptoglobin, IL1-β, IL-6,
insulin, NEFA, PGE2, leptin and SAA concentrations and CXCR2 and CD62L gene
expression during the feeding period. Sources of variation in the ANOVA were FSH,
OG, Round, days of blood collection (Day) and the interactions. If significant effects
were observed in the ANOVA differences between means were evaluated using the
Fisher’s least significant differences procedures. All analyses were performed using
the NCSS statistical software program (Number Cruncher Statistical System; 2007,
Jerry Hintze, Kaysville, UT).
3. Results
3.1 Metabolic markers
Serum BHB concentrations did not differ (P > 0.10) by FSH (200 mg, 0.32
mmol/l; 400 mg, 0.33 mmol/l; pooled SE = 0.01, respectively) or OG (0 g, 0.31
mmol/l; 56 g, 0.34 mmol/l; pooled SE =0.01, respectively) but were higher (P < 0.05)
in Round 1 compared to Round 2 (0.35 ± 0.01 mmol/l vs 0.29 ± 0.01 mmol/l,
respectively). BHB concentrations were lower on days 0 and 10 compared to days 28
and 38 (Table 2). The remaining interactions were not significant factors affecting
serum BHB concentrations.
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Serum BUN concentrations did not differ (P > 0.10) by FSH (200 mg, 13.6 mg/dl;
400 mg, 15.6 mg/dl; pooled SE = 1.35 mg/dl, respectively) or OG (0 g, 14.2 mg/dl;
56 g, 14.9 mg/dl; pooled SE = 1.35 mg/dl) but were higher (P < 0.05) in Round 1
compared to Round 2 (18.2 ± 0.48 mg/dl vs 11.0 ± 0.49 mg/dl, respectively). Day
was a significant factor affecting BUN concentrations. Greatest (P <0.05) BUN
concentrations were observed on Day 0 compared to other days of collection (Table
2) . The Round x Day interaction was also a significant factor and BUN
concentrations were greater (P < 0.05) on Days 14 through 49 in Round 1 compared
to Round 2 (Figure 24). No significant differences in BUN concentrations were
observed for any of the other interactions.
Serum glucose concentrations did not differ (P > 0.10) by FSH (200 mg, 59.6
mg/dl; 400 mg, 59.0 mg/dl; pooled SE = 2.0 mg/dl, respectively) or OG (0 g, 59.0
mg/dl; 56 g, 59.4 mg/dl; pooled SE = 2.0 mg/dl, respectively) but were higher (P <
0.05) in Round 1 compared with Round 2 (61.5 ± 1.2 mg/dl vs 56.9 ± 1.2 mg/dl,
respectively). Glucose concentration was lowest (P < 0.05) on Day 49 compared to
all other sample days and glucose concentration on days 14 and 28 were less than
Day 0 (Table 2). The remaining interactions were not significant factors affecting
serum glucose concentrations.
Serum insulin concentration did not differ (P > 0.10) by FSH (200 mg, 2817.98
pg/ml; 400 mg, 2397.15 pg/ml; pooled SE = 274.20 pg/ml, respectively), OG (0 g,
2498.58 pg/ml; 56 g, 2716.57 pg/ml; pooled SE = 274.20 pg/ml, respectively) or
Round (1 vs 2; 2690.39 ± 123.77 pg/ml vs 2524.75 ± 125.10 pg/ml, respectively).
Day was a significant factor (P < 0.05) where insulin concentrations were greatest on
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Day 42 compared to Days 0, 10, 14 and 28 (Table 2). The FSH x Round interaction
was a significant factor where insulin concentration was lowest (P < 0.05) in cows
injected with 400 mg FSH in round 2 (2109.6 ± 176 pg/ml) compared to cows
injected with 200 mg or 400 mg FSH in round 1(2696 pg/ml and 2684, respectively;
pooled SE = 176) and cows injected with 200 mg FSH in round 2 (2939 ± 176 pg/ml).
The OG x Round interaction was a significant factor where insulin concentration was
lower in cows fed 0 g OG in Round 2 compared to cows fed 0 g OG in Round 1 and
56 g OG in Round 2 ( 2185.3 pg/ml vs 2811.9 and 2864.2, respectively; pooled SE =
176) No significant differences were observed for Insulin for any of the remaining
interactions.
Serum NEFA concentrations did not differ by FSH (200 mg, 0.28 mmol/l; 400
mg, 0.27 mmol/l; pooled SE = 0.03 mmol/l, respectively), OG (0 g, 0.27 mmol/l; 400
mg, 0.27 mmol/l; pooled SE = 0.03 mmol/l, respectively) and Round (1 vs 2; 0.28 ±
0.01 mmol/l vs 0.27 ± 0.01 mmol/l, respectively). NEFA concentrations differed by
Day and were greater (P < 0.05) on Days 0, 42 and 43 compared to Days 10, 14, 28,
38 and 49 (Table 2). The FSH x OG interaction was a significant factor where NEFA
concentrations were lower (P < 0.05) in cows fed 56 g and superovulated with 400
mg FSH and cows fed 0 g OG and superovulated with 200 mg FSH (0.22 and 0.24
mmol/l, respectively; pooled SE = 0.05 mmol/l) compared to cows fed 0 g OG and
superovulated with 400 mg FSH and fed 56 g OG and superovulated with 200 mg
FSH (0.31 and 0.33 mmol/l, respectively, pooled SE = 0.05). The FSH x Round
interaction was a significant factor where NEFA concentrations was greater (P <
0.05) in cows superovulated with 200 mg FSH in Round 1(0.31 ± 0.02 mmol/l)
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compared to cows in Round 2 and cows in Round 1 superovulated with 400 mg FSH
(0.26 ± 0.02 and 0.24 ± 0.02 mmol/l, respectively) but was similar (P > 0.10) to cows
superovulated with 400 mg FSH in Round 2 (0.29 ± 0.02 mmol/l). There was a
Round x Day interaction observed at Day 43 where NEFA concentration was lower
on Day 43 in Round 2 compared to Round 1 (Figure 25).The OG x FSH x Day
interaction was also significant (Figure 26). NEFA concentrations were greater (P <
0.05) in cows fed 0 g OG and superovulated with 400 mg FSH compared to cows fed
56 g OG and superovulated with 400 mg FSH on Days 0 and 42 (Figure 26). NEFA
concentration was also greater (P < 0.05) in cows fed 56 g OG and superovulated
with 200 mg FSH compared to cows fed 0 g OG and superovulated with 200 mg FSH
and cows fed 56 g OG or superovulated with 400 mg FSH (Figure 26). The remaining
interactions were not significant factors affecting serum NEFA concentrations.
3.2 Pro-inflammatory cytokines
Serum IL1-β concentrations did not differ (P > 0.10) by FSH (200 mg, 976.6
pg/ml; 400 mg, 1378.6 pg/ml; pooled SE = 305.3 pg/ml, respectively), or OG (0 g,
1156.6 pg/ml; 400 mg, 1198.6 pg/ml; pooled SE = 305.3 pg/ml, respectively), but
were lower (P < 0.05) in Round 1 compared to Round 2 (657.4 ± 85.6 pg/ml vs
1697.8 pg/ml, respectively). IL1-β concentrations were greater (P < 0.05) on Day 49
compared to Days 0 through 42 (Table 3). FSH x Round interaction was significant.
IL1-β was greater (P < 0.05) in cows superovulated with 400 mg FSH in Round 2
(2072.0 ± 122.4 pg/ml) compared to all other treatments. IL1-β was greater (P < 0.05)
in cows superovulated with 200 mg FSH in Round 2 compared to cows superovulated
with 200 mg and 400 mg FSH in Round 1(1323.6 vs 629.7 and 685.2 pg/ml,
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respectively, pooled SE = 122.4 pg/ml). The OG x FSH x Round interaction was
significant where IL1-β was greater (P < 0.05) in cows fed 0 g OG and superovulated
with 400 mg and cows fed 56 g OG and superovulated with 200 or 400 mg FSH
compared to all other treatments (Figure 27). No significant differences were
observed for IL1-β for any of the remaining interactions.
Serum IL-6 concentrations were lower (P = 0.095) with 200 mg FSH compared to
400 mg FSH (98.8 pg/ml; 133.6 pg/ml; pooled SE = 14.1 pg/ml; respectively), but no
differences were observed with OG (0 g, 111.3 pg/ml; 400 mg, 133.7 pg/ml; pooled
SE = 14.1 pg/ml respectively). Round 1 had lower (P = 0.08) IL-6 serum
concentrations compared with Round 2 (109.9 ± 5.1 pg/ml vs 122.5 ± 5.2 pg/ml,
respectively). IL-6 concentrations were greatest (P < 0.05) on Days 10 and 49 and
lowest (P < 0.05) on Days 42 and 43 (Table 3). The OG x Round interaction was
significant. IL-6 concentrations were greatest (P < 0.05) in cows fed 56 g OG in
Round 2 compared to cows fed 0 g or 56 g OG in Round 1 and cows fed 0 g OG in
Round 2 (134.0 vs 111.5 or 108.3 and 111.1 pg/ml, respectively, pooled SE = 7.3
pg/ml). The OG x FSH x Round interaction was significant. IL-6 concentrations were
greater (P < 0.05) in cows fed 0 g OG and superovulated with 400 mg FSH in Round
1 and in Round 2 and in cows fed 56 g OG and superovulated with 200 or 400 mg
FSH in Round 2 compared to cows fed 0 g OG and superovulated with 200 mg FSH
in Rounds 1 and 2 (Figure 28). The remaining interactions were not significant factors
affecting serum IL-6 concentrations.
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3.3 Acute phase proteins
Serum Albumin did not differ (P > 0.10) by FSH (200 mg, 42.2 pg/ml;
400 mg, 43.7 pg/ml; pooled SE = 2.28 pg/ml, respectively) or OG (0 g, 42.6 pg/ml;
56 g, 43.3 pg/ml; pooled SE = 2.28 pg/ml, respectively), but there were less (P <
0.05) in Round 1 compared to Round 2 (40.1 ± 0.78 pg/ml vs 45.8 ± 0.79,
respectively). Albumin concentrations was lower (P < 0.05) on Day 0 compared to
Days 28 and 42 and Day 42 was greater (P < 0.05) than Days 10, 14, 38 and 43 and
49 (Table 4). Both the FSH x Round and OG x Round interactions were significant.
Albumin concentrations were lower (P < 0.05) in cows superovulated with 200 or
400 mg FSH in Round 1 compared to cows superovulated with either dose in Round
2 and were less (P < 0.05) in cows superovulated in Round 2 with 200 mg FSH
compared to 400 mg FSH (40.6, 39.7 vs 43.8 vs 47.8 mg/dl, respectively; pooled SE
= 1.1 mg/dl). Albumin concentrations were lower (P < 0.05) in cows fed 0 or 56 g in
Round 1 and cows fed 0 g OG in Round 2 compared to cows fed 56 g OG in Round 2
(41.3, 39.0, 43.9 vs 47.6 mg/dl, respectively; pooled SE 1.1 mg/dl). Albumin
concentrations were also lower (P < 0.05) in cows fed 56 g OG in Round 1 compared
to cows fed 0 g OG in Round 2. No significant differences were observed for
Albumin for any of the remaining interactions.
Serum Haptoglobin did not differ (P > 0.10) by FSH (200 mg, 4443.4 ng/ml; 400
mg, 6969.2 ng/ml; pooled SE = 1582.6 ng/ml, respectively), OG (0 g, 4913.1 ng/ml;
56 g, 6499.6 ng/ml; pooled SE = 1582.6 ng/ml, respectively) or Round (1 vs 2;
6362.1 ± 1502.4 ng/ml vs 5050.6 ± 1510.4 ng/ml, respectively). Haptoglobin
concentrations were greater (P < 0.05) on Days 0 and 43 compared to Days 10, 28, 38
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and 42 (Table 4). The remaining interactions were not significant factors affecting
serum Haptoglobin concentrations.
Serum SAA concentrations did not differ (P > 0.10) by FSH (200 mg, 33.6 µl/ml;
400 mg 42.1µl/ml; pooled SE = 3.7 µl/ml, respectively), OG (0 g, 37.6 µl/ml; 56 g,
38.1 µl/ml; pooled SE = 3.7 µl/ml, respectively) and Round (1 vs 2, 38.7 ± 3.1 µl/ml
vs 37.0 ± 3.1 µl/ml, respectively). SAA concentration was greatest (P < 0.05) on Day
43 and was greater (P < 0.05) on Days 0, 10 and 42 compared to Days 28 and 38
(Table 4). The Round x Day interaction was significant where SAA concentration
was less on Day 14 in Round 1 compared to Round 2 and was greater on Day 43 in
Round 1 compared to Round 2 (Figure 29). No significant differences in serum SAA
concentrations were observed for the remaining interactions.

3.4 PGE2
Serum PGE2 concentrations did not differ (P > 0.10) by FSH (200 mg, 913 pg/ml;
400 mg, 651 pg/ml; pooled SE = 193 pg/ml, respectively) or OG (0 g, 719 pg/ml; 56g
845 pg/ml; pooled SE = 193 pg/ml, respectively) but were less (P < 0.05) in Round 1
compared to Round 2 (489 ± 109 pg/ml vs 1075 ± 110 pg/ml, respectively). PGE2
concentrations did not differ (P < 0.10) by day (Table 5). The OG x FSH interaction
was significant where serum PGE2 was greater (P > 0.05) in cows fed 56 g OG and
superovulated with 200 mg FSH compared to cows fed 56 g OG and superovulated
with 400 mg FSH and cows fed 0 g OG and superovulated with 200 mg FSH (Figure
30). The OG x FSH x Round interaction was significant where PGE2 was greatest (P
< 0.05) in Round 2 cows fed 56 g OG and superovulated with 200 mg FSH compared
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to Round 1 cows fed 0 g OG and superovulated with either 200 mg or 400 mg FSH
and cows fed 56 g OG and superovulated with 400 mg FSH (Figure 30). No
significant differences in serum PGE2 were observed for the remaining interactions

3.5 Leptin
Serum leptin concentrations did not differ (P > 0.10) by FSH (200 mg, 7.2 ng/ml;
400 mg, 7.4 ng/ml; pooled SE = 0.27 ng/ml, respectively) or OG (0 g, 7.4 ng/ml; 56g
7.3 ng/ml; pooled SE = 0.27 ng/ml, respectively) but were less (P < 0.05) in round 1
compared to round 2 (6.8 ± 0.15 ng/ml vs 7.9 ± 0.15 ng/ml, respectively). Leptin
concentrations did not differ by day (Table 6). No significant differences in serum
leptin were observed for any of the interactions.

3.6 Gene Expression
Expression of CXCR2 in circulating immune cells did not differ (P > 0.10) by
FSH (200 mg vs 400 mg, 9.0 vs 9.3 copies/µg, respectively; pooled SE = 0.8
copies/µg) or OG (0 g vs 56 g, 8.1 vs 10.3 copies/µg, respectively; pooled SE = 0.8 x
1000). CXCR2 expression was lower (P < 0.05) in Round 1 compared to Round 2
(5.8 vs 12.6 copies/µg, respectively; pooled SE = 0.4 x 1000 copies/ng). Upregulation
of CXCR2 expression was greatest (P < 0.05) on Day 42 and greater (P < 0.05) on
Day 49 compared to Days 0, 10, 14, 21, and 38 (Table 7). The OG x Round
interaction was also significant and CXCR2 expression was greatest in cows fed 56 g
OG in Round 2 and was greater in cows fed 0 g OG in Round 2 compared to cows in
Round 1 (Figure 31).
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CD62L expression in circulating immune cells did not differ (P > 0.10) by FSH (200 mg
vs 400 mg, 24.3 vs 2.8 copies/µg, respectively; pooled SE = 1.4 copies/µg) or OG (0 g vs
56 g, 22.9 vs 24.1 copies/µg, respectively; pooled SE = 1.4 copies/µg). CD62L
expression did not differ by day (Table 7). The FSH x Day interaction was significant
where CD62L expression was higher (P < 0.05) on Day 0 for cows superovulated with
200 mg FSH compared to cows superovulated either dose on all remaining days of
collection (Figure 32). The FSH x Round x Day interaction was also significant where
CD62L expression was greatest (P < 0.05) on Day 0 for cows superovulated with 200 mg
FSH in Round 1 compared to cows superovulated with either dose in Rounds 1 or 2 on
the remaining days of collection (Figure 33). CD62L expression was also greater (P <
0.05) on Day 42 in cows superovulated with 200 mg FSH in Round 1 compared to cows
superovulated with the same dose in Round 2 (Figure 33). CD62L expression was not
affected by any of the interactions.
4. Discussion
Superovulation and embryo collection is an applied reproductive technology that is
used to propagate highly desirable genetics (Bó and Mapletoft, 2014). During this period
of time, donor cows are subjected to multiple hormone injections and handling, which
can play a role in multiple factors of the cow. Different factors play a role in the success
of this program, such as animal health and nutritional status (M. A. Velazquez, 2011).
Nutritional status is an important factor as there are different metabolic markers that are
impacted by plane of nutrition may have a detrimental effect on reproductive
performance (Kafi and McGowan, 1997). Another factor that is important to keep in
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mind is the health status of the donor cow, as this can also play a role in decreased
performance in a superovulation program and embryo quality.
Ensuring proper nutrition and animal heath during this protocol is important for
optimizing success. One way that may mitigate the negative effects that can occur from
different parameters of nutritional status and animal heath, is by nutritional
supplementation. One nutritional supplement that is one the market, OmniGen-AF®, has
been shown to support animal health during periods of stress, and support the immune
status of cattle (Wang et al., 2009; Ryman et al., 2013).
The results from this study demonstrated the effect of different doses of FSH on
metabolic parameters, pro-inflammatory cytokines, acute phase proteins and gene
expression during a superovulation protocol. The results also demonstrate the effect of
feeding OG on the same parameters listed above during a superovulation protocol. There
is research on each of these parameters in regards to OG feeding, but there is limited
research on these parameters and their effects in a superovulation protocol.
Specific metabolic markers were measured over the course of OG feeding and during
the superovulation protocol. There was a significant day effect for BUN, BHB, NEFA,
Insulin and Glucose during the entire length of the protocol. BHB is a ketone that is
produced by the liver, and is an indicator of energy status in cattle (Beever, 2006). BHB
concentrations were the highest on Days 28 and 38 of the protocol, which is the time of
the first injection of PGF2α and the first dose of FSH. Throughout this study, BHB
concentrations were within normal range for cattle. BUN is an indicator of RUP and
increased concentrations can have a negative impact on reproductive performance
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(Dawuda et al., 2002). BUN concentrations were the highest at the start of the trial, and
then the concentrations dropped and maintained around the same concentration for the
duration of the protocol. These concentrations were within normal range for beef cattle.
Glucose is an important marker for metabolism, as it is involved with many different
functions of hormone production and is key for energy output for the cow (Butler, 2000).
Glucose is also important for early embryonic development, as this is the nutritional
requirement needed for early embryonic development (Kruse et al., 2017). In this study,
Glucose concentrations were the highest at the start of the study and on Day 42, which is
the time of the first breeding. Increased glucose concentrations at the time of estrus onset
may be involved with increasing LH and estrogen production, which is allowing for a
greater ovulatory success.
Insulin is also a highly important marker for metabolism, as it regulates glucose
concentrations in the cow and is involved with reproductive performance (Short and
Adams, 1987). During this study, Insulin concentrations were the highest on Day 42,
which is similar to Glucose concentrations on this day as well. This was expected, as
glucose concentrations increase the body will begin to secrete insulin to assist with
storage in the liver and other organs. There was also an effect with FSH and OG in
respect to the round of the protocol. During the first round of superovulation, there was
no difference between FSH dose, but in the second round of superovulation Insulin
concentrations were slightly lower in cows receiving 400 mg FSH compared to cows
receiving 200 mg FSH. In regards to OG feeding, Insulin concentrations were low in the
0 g on the second round of superovulation and in the 56 g during the first round of
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superovulation. This was interesting, as concentrations were higher in the 0 g in the first
round of superovulation and in the 56 g in the second round of superovulation. The
overall concentrations were within normal range of a beef cow.
NEFA is another important metabolic parameter that is produced when fat stores are
liberated due to low energy input from the diet. When NEFA concentrations are elevated
this causes a decrease in oocyte quality and early embryonic development, as NEFAs can
penetrate into the follicle and hinder oocyte quality (Van Hoeck et al., 2014). During the
overall period of the protocol, NEFA concentrations were highest on Days 42 and 43,
which is during the estrus period and peri-ovulatory period of the donor. There was also a
FSH x OG interaction, where cows superovulated with 400 mg FSH and fed 56 g OG had
lower NEFA concentrations compared to the 400 mg FSH and fed 0 g OG. There was a
similar effect with cows superovulated with 200 mg FSH and fed 0 g OG had lower
NEFA concentrations than their OG fed counterparts. The difference between the two
groups was interesting, as the NEFA concentrations varied depending on the dose of FSH
administered and the amount of OG fed to the cows.
The pro-inflammatory cytokines are another area that is important to measure, as they
are important for increasing the inflammatory response and increasing the release of
acute phase proteins. IL1-β is one of the main pro-inflammatory cytokines, which is
involved with promoting inflammation in a target tissue to aid in the immune system
response. The results from this study showed IL1-β concentrations were greatest on Day
49 compared to the other days of the study. This was interesting to note as Day 49 is the
period of embryo collection for the donor cattle, which is also the same as Day 7 of
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gestation. There was also a Round effect with IL1-β concentrations, as Round 1 had
lower concentrations compared to Round 2. This may be due to the repeat superovulation
of these cows, as they went through the protocol a second time, there was a greater
inflammatory event.
IL-6 is another important cytokine involved with the inflammatory response. From
the results, there was a day effect where IL-6 concentrations were lower on Days 42 and
43 compared to the other periods measured. This is important to note as decrease in IL-6
concentrations during this period shows a decrease in the inflammatory pathway during
the time of estrus onset and the peri-ovulation period. There was also an FSH effect,
where IL-6 concentrations were lower in cows superovulated with 200 mg FSH
compared to cows superovulated with 400 mg FSH. The increase in IL-6 concentration
may be attributed to the dose of hormones that the donor cow was receiving, with
increasing the dose will increase the inflammatory response. There was also a similar
difference in Round as seen with IL1-β, with lower concentrations of IL-6 in Round 1
compared to Round 2.
With the increase of pro-inflammatory cytokines, this will cause an increase in acute
phase proteins. Increase in acute phase proteins is a signal for the inflammatory response,
and if the concentrations of these proteins are too high it will have a negative effect on
ovulation and fertilization success (Ceciliani et al., 2012). Albumin is an acute phase
protein that is linked with NEFA concentrations as well, because it will bind NEFA and
store it in the liver until later use (van Hoeck et al., 2011). Results from this study showed
there was an overall day effect with serum Albumin was high on Day 42 compared to
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other days. The concentration of albumin followed similar trends as other markers. As
albumin is a serum binding protein, it is targeting free steroid hormones, fatty acids and
thyroid hormones that are increased at the same time due to the estrous cycle.
Haptoglobin is another acute phase protein that is produced under elevated concentrations
of pro-inflammatory cytokines. During the length of the superovulation protocol, there
was a fluctuation of serum haptoglobin concentrations. This could be due to the nature of
the study, as increased handling and injections may also elicit an increase due to stress
and handling. SAA is another acute phase protein that is linked with the inflammatory
response. Results from this study showed a significant increase in serum SAA
concentration on Day 43 compared to the other collection days. This is important to note
as Day 43 is the period where the follicles on the ovary are preparing to ovulate, causing
an inflammation cascade from the ovary.
Both serum PGE2 and Leptin were measured during the superovulation period as
well, because they both play a role in reproductive performance. For both of these serum
markers there was a Round effect with serum concentrations, both endpoints were lower
in Round 1 compared to Round 2.
Gene expression of two markers of innate immunity were analyzed to determine
affects of the superovulation protocol and feeding of OG. Research with OG has shown
an upregulation of CXCR2 and CD62L during the feeding period (Rowson et al., 2011).
The results from this study showed a Round difference for both genes, as there was lower
expression in Round 1 compared to Round 2. There was no difference with OG feeding
during the study in regards to gene expression.
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Overall, there seems to be a difference between the different Round of the
superovulation protocol. When cows were first put through the superovulation protocol,
there was a lower overall concentration for most of the serum markers compared to the
second round of superovulation. This may be due to exposure of the hormones used, so
the body has a faster reaction to the injections. More research is needed to fully
understand how these specific serum markers play a role in oocyte quality and early
embryonic development.
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Table 2: Serum metabolic markers (means ± SE ) measured in cows superovulated with
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b,c
Means in the same column without similar superscripts differ (P < 0.05)
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Figure 24: Serum BUN concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Round 1 or Round 2
*Different from BUN concentrations in Round 1
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Figure 25: Serum NEFA concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Round 1 or Round 2
*Different from NEFA concentrations in Round 1
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Figure 26: Serum NEFA concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b,c
Means without similar letters differ (P < 0.05)
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Table 3: Serum pro-inflammatory cytokines (means ± SE ) measured in cows
superovulated with 200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and
2
a,b,c,d
Means in the same column without similar superscripts differ (P < 0.05)
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Figure 27: Serum IL1-β concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b,c
Means in the same column without similar superscripts differ (P < 0.05)
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Figure 28: Serum IL-6 concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b,c,d,e
Means without similar superscripts differ (P < 0.05)
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Table 4: Serum acute phase proteins (means ± SE) measured in cows superovulated with
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b,c,d
Means in the same column without similar superscripts differ (P < 0.05)
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Figure 29: Serum SAA concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Round 1 or Round 2
*Different from SAA concentrations in Round 1
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Table 5: Serum PGE2 (means ± SE) measured in cows superovulated with 200 or 400 mg
FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
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Figure 30: Serum PGE2 concentrations (means ± SE) from cows superovulated with 200
or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b,c
Means without similar superscripts differ (P < 0.05)
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Table 5: Serum leptin (means ± SE) measured in cows superovulated with 200 or 400 mg
FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
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Table 7: CXCR2 and CD62L circulating gene expression (± means) in donor cows
superovulated with 200 and 400 mg FSH and fed 0 and 56 g OmniGen-AF in Rounds 1
and 2
a,b,c
Means in the same column without similar superscripts differ (P < 0.05)
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Figure 31: CXCR2 expression in cows superovulated with 200 or 400 mg FSH fed 0 or 56
g OG in Rounds 1 and 2
a,b,c
Means without similar superscripts differ (P < 0.05)
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Figure 32: CD62L circulating gene expression (means ± SE) in cows superovulated with
200 or 400 mg FSH in Rounds 1 and 2
*Different from CD62L gene expression in Round 1
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Figure 33: CD62L circulating gene expression (means ± SE) in cows superovulated with
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Rounds 1 and 2
a,b
Means without similar letters differ (P < 0.05)

117

Conclusion
Assisted reproductive tools, such as superovulation and embryo collection are
important for propagating highly desirable genetics through elite sire and dam matings.
Superovulation results in a high variability in embryo quantity and quality which can be
costly to producers (Bó and Mapletoft, 2014). Variation in embryo number and quality
can be attributed to many different factors, such as, donor age, nutritional status, overall
health, hormone dose, handling of donor cattle and the environment. Of these different
factors, some are easily managed by selecting donor cattle of proper age and body
condition score. Other factors are more difficult to manage, such as the environment. The
dose of FSH used during a superovulation protocol can affect the quality of embryos
recovered, as follicles are being rescued from atresia and the oocytes within may not be
of the best quality. Lowering the dose of FSH given during a superovulation protocol
may reduce the negative effects associated with embryo quality.
Environmental factors are more difficult to manage due to the time of year a
superovulation protocol may be performed and the housing situation of donor cows.
Another factor that can have an overall effect on superovulation success is the stress
response of the donor cow. Outside stressors during the superovulation protocol have a
negative effect on the overall success of an embryo collection (Dobson and Smith, 2000).
Reducing the stress response is also important to decrease variability during a
superovulation program.
One method of increasing success during a superovulation protocol is through
feeding different nutritional supplements (M.A. Velazquez, 2011). Limited research has
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shown varied responses in embryo quality and viability with nutritional supplements
shown to support animal health. One product on the market, OG, has shown to support
animal health and innate immune status in dairy cattle during different stages of
production (Fabris et al., 2017; Skibiel et al., 2017). Based on current research with this
product, their might be a beneficial role with regards to reproductive performance.
In the first part of the study, effects on the total number of ova collected were
observed between the two different doses of FSH, as more ova were collected from cows
superovulated with 400 mg compared to 200 mg FSH. More ova tended to be of poor
quality in the cows superovulated with the higher dose. OG supplementation showed to
have a beneficial effect on ameliorating the negative effects on the percent degenerate
embryos recovered from cows superovulated with 400 mg FSH. Serum progesterone
concentrations were also higher in cows supplemented with OG. These results suggest a
benefit to supplementing OG during a superovulation protocol.
In the second part of the study, embryos recovered from cows superovulated with
200 mg FSH achieved greater hatching success in vitro compared to embryos recovered
from cows superovulated with 400 mg FSH. OG supplementation slightly increased
hatching success in embryos recovered from cows superovulated with 400 mg FSH.
Plasminogen activator production by cultured embryos was also quantified and more PA
was produced by embryos recovered from cows superovulated with 400 mg FSH and
supplemented with OG. High PA production by embryos during blastocoelic expansion
and hatching is indicative of robust embryo viability and hatching success (Menino and
Williams, 1987).
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The last part of the study examined different markers of animal health in serum
and immune status. Overall, from the different endpoints measured, there was a day
effect with regards to metabolic markers, with increased concentrations of glucose,
insulin and NEFA on Day 42 that corresponded to the period of standing estrus. Albumin
was also increased at this time which corresponded to the increased NEFA concentrations
on Day 42. CXCR2 expression was also greatest on Day 42 of the trial compared to the
rest of the sample collection days. Circulating CD62L expression was upregulated in
cows superovulated with 200 mg FSH on Day 0 compared to the rest of the cows.
Expression of both of these genes were affected by Round, as cows superovulated in the
first round had lower expression compared to cows superovulated in the second round.
There was a Round effect for many of the different parameters. This may be due
to the secondary exposure to the superovulation protocol exerting a physiologic effect or
perhaps even time of the year as Round 1 was conducted during winter and early spring
and Round 2 was performed in late spring and summer. Environmental factors may have
played a role in the significant differences observed between rounds of superovulation.
Overall, based on the results from the three different parts of the study, there is a
beneficial effect for OG supplementation on donor cows superovulated with 400 mg
FSH. Continued research is warranted to determine the mechanism of action of OG
supplementation on early embryonic development and oocyte quality. Based on
progesterone concentrations at the time of embryo collection, much of the benefit may be
due to reduced inflammation at ovulation and healthier corpora lutea.
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