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ABSTRACT

Progesterone is necessary for the maintenance of pregnatidyaa been associated
with embryonic mortality. Five experiments were conducted tooder the role of
progesterone on establishment of pregnancy, resynchronization afs,estnd
development of in vitro produced bovine embryos. The objective of experimeas
to determine whether an ovulatory estrus could be resynchronizedewoysly
synchronized atrtificially inseminated (Al) nonpregnant cows withounpromising
pregnancy from the previous synchronized ovulation or to those insemeatbd
resynchronized estrus. Treatments consisted of a vaginal Gos¢sining progesterone
administered after a timed Al (TAI) at different timepoirgad for differing durations.
It was determined that pregnancy rates to the initial TAlrewsimilar and the
resynchronization of estrus was successful in two treatmemt®&vieo, fertility in those
treatments was decreased. In experiment 2, we establiseedoncentrations of
progesterone in the lumen of the uterine horn and oviduct to establishea bas
concentration to be used in further experiments. Using uterineefiueh estrus
synchronized heifers and fluid collection of reproductive tracts glaaghter; we
determined that, while concentration of progesterone was highly varateimales, the
mean was nearly 1 ng/mL. The objectives of experiments 3 and 4 were to detiéreni
effects of culturing in vitro produced embryos with or without ecafure of bovine
oviductal epithelial cells (BOEC) with or without two concentrations of [stagene on
embryo development. We determined that co-culture of bovine embitlo8@EC

decreased development and the addition of progesterone decreaskgpndent of



embryos. The objective of experiment 5 was to determine ifatldition of two
concentrations of progesterone at two stages of culture impactegcedevelopment,
embryo metabolism and numbers of cells in each embryo. Waenteeel that while
some characteristics changed slightly with the addition of prexgees, overall viability
was not increased or decreased dramatically. Our conclusisrthat although we do
not fully understand the role of progesterone on embryonic mortalityese unable to
affect pregnancy rate or embryonic development with the concensaind timing of

progesterone employed in these experiments.
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CHAPTER 1

The role of progesterone on pregnancy, resynchronization of the estrous cyclaga

embryonic mortality in cattle

J.E. Larson’

“North Central Research and Outreach Center

University of Minnesota, Grand Rapids, 55744.



LITERATURE REVIEW
Defining progesterone

Progesterone is a steroid hormone produced by the corpus luteum (CL), the
placenta, and the adrenal cortex. Progesterone binds to receptors in the reproductive
tract and the hypothalamo-pituitary axis and promotes endometrial glanth gnogyv
stimulates secretory activity of the oviduct and endometrial glands ofahesifiMaslar
et al., 1986). Progesterone also changes the proteins secreted by the endefisetria
in the uterus (Strinden and Shapiro, 1983; Maslar et al., 1986). Elevated concentrations
of progesterone inhibit mitosis in the endometrium (Padykula et al., 1989). These
functions collectively serve to provide nutrients to the developing embryo prior to
implantation.

Progesterone down-regulates the receptors for estradiol (Brennerl&74t
West et al., 1987; Ilwai et al., 1995); therefore, blocking many of estradiabssct
including preventing contractions of the uterus by blocking estradiol’s atailiyduce
a-adrenergic receptors that, when activated, cause the uterus to contttet éBal.,
1983). If an embryo is not present, a release of.PfEdm the uterus causes luteolysis
of the CL (Lauderdale, 1972; Hansel et al., 1973).
Synchronization and resynchronization of the estrous cycle

Manipulation of the estrous cycle by exogenous hormones was initiated with the
use of progestins (Hansel and Malven, 1960; Zimbelman, 1963; Hansel et al., 1966;
Zimbelman and Smith, 1966) and increased shortly after the discovery of the iateolyt
effects of PGE, (Lauderdale, 1972; Liehr et al., 1972; Louis et al., 1972; Hansel et al.,
1973). Synchronizing the estrous cycle and/or ovulation provides a labor-efficient way
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to incorporate artificial insemination (Al) into cattle operations whltdwe for the
potential genetic improvement Al brings. Synchronization of Al has the paltemti
shorten the breeding season (Short et al., 1990) which can lead to a shorter calving
season, allowing more calves to be born near the beginning of the calving seasion (La
et al., 2006; Larson et al., 2006). In order to increase the percentage of cows that
conceive to Al in a breeding season, the reinsemination of females that did noteonce
to the first Al at the first eligible return estrus can be facilitagedeBynchronization of

the estrous cycle (Van Cleeff et al., 1996). In addition, increasing thenfmgeef

cows that conceive to Al can increase profitability of the operation due toeadean

the number of bulls necessary for clean-up pregnancies (Rodgers, 2008). Additional
hormonal control of the estrous cycle allows for a second Al to occur with efficie
utilization of labor.

Resynchronization with a progestin increased synchronized return rates of
nonpregnant females (Stevenson et al., 2003; Colazo et al., 2006). Resynchronization
with progesterone and estradiol cypionate or estradiol benzoate, however,atecreas
subsequent conception rates (Stevenson et al., 2003). Supplementation with
progesterone on d 5 post-Al enhanced pregnancy rates in Holstein cows (Vidarroel
al., 2004), but suppressed fertility when administered within 2 d of first insemination
(Van Cleeff et al., 1996). Itis clear that supplementation of progesteroneemesgd
to resynchronize cattle but that the timing of supplementation may impacathktyi
of previously established pregnancies and fertility of the following ovulatidmeof

subsequent return estrus.



Impact of embryonic mortality

Progesterone is essential for the maintenance of pregnancy and iesuffici
concentrations of progesterone have been speculated to enhance embryonic . mortality
Embryonic loss has substantial economic effects in both dairy and beef cattteoopera
because of loss of milk production, a decrease in the number of calves that can be sold
or used as replacement heifers, and an increase in culling rate. Whiliitust ¢to
establish the economic impact of embryonic loss to cattle producers. Thurmond and
Picanso (1990) estimated the cost at $640 and Eicker and Fetrow (2003) estimated $600
to $800 per pregnancy loss in dairy females. De Vries (2006) valued a pregrsmncy |
at $555 in an economic evaluation of pregnancy in dairy females. Annual economic
impact of infertility (including embryonic loss) to U.S. beef producers wasated to
be greater than $1.06 billion (Lamb et al., 2008).

Despite an increased understanding of reproduction in the dairy cow,
reproductive efficiency continues to decline. Increases in embryo trappferaéions
and early pregnancy diagnosis resulted in the discovery that less than 50% dflthe via
embryos establish pregnancy by 27 to 30 d after ovulation in lactating dairy{Doves
et al., 1999; Sartori et al., 2003). Declining fertility is an economic burderhand t
embryonic mortality has a significant role in producing a live calf andrantigthe
economic success of beef and dairy producers.
Terminology and definitions

Definitions according to the Committee on Bovine Reproductive Nomenclature

(1972) used throughout this thesis:



Embryonic period: from conception to the end of the differentiation stage,
approximately d 45 of gestation.

Early embryonic loss. pregnancy loss prior to d 24 after fertilization.

Late embryonic loss: pregnancy loss between d 24 and d 45 after fertilization.
Fetal period: from approximately d 45 of gestation to delivery.

Fetal loss. pregnancy loss after d 45 after fertilization.

Definitions of other terms used throughout this thesis are:
Synchronization rate: Proportion of females detected in estrus to total number treated.
Conception rate: Proportion of females becoming pregnant to those exhibiting estrus
and inseminated during the synchronized period (measured at differing pointg)in ti
Pregnancy rate: Proportion of females becoming pregnant to total number treated
(measured at differing points in time).

The method used to determine these rates also is critical for consideration and
may include flushing of the preimplantation embryo, slaughter and uter@vagtri
return to estrus, determination of the concentration of progesterone in milk,
determination of bovine pregnancy-associated glycoprotein (Zoli et al., 1992)jqralpat
per rectum, transrectal ultrasonography, and calving, all with varying advaiatade
disadvantages (Ludwick and Rader, 1968; Skemish et al., 1973; Garrett et al., 1988;
Szenci et al., 1998; Whisnant et al., 2001; Fricke, 2002). The timing of the
determination should be noted as embryonic or fetal mortality after fatitiizcan

affect the outcome at accumulating rates as pregnancy continues.



Overview of embryonic mortality

An early review, indicated that fertilization failure rate ranged framsecto zero
in first-service heifers and upwards of 40% in repeat-breeder heiferasduhien
assessed 3 d after mating (Ayalon, 1978). In studies using dairy cows fhat we
inseminated and then flushed for collection of embryos on d 6 or 7, fertilization rates
were similar in lactating and nonlactating cows, averaging 76.2% iafrgim 55.3 to
87.8%) and 78.1% (ranging from 58.0 to 98.0%), respectively (Dalton et al., 2001;
DeJdarnette et al., 1992; Sartori et al., 2002). However, by d 27 to 31 after Al,
conception rates decreased to 35 to 45% in lactating dairy cows. By d 5 to 6 after Al,
only 65% of the embryos were considered viable (Dalton et al., 2001; DeJarnette et al
1992; Sartori et al., 2002). There are several factors in dairy cows that accabaséor
perceived pregnancy rates. In a meta-analysis combining earlytamairlaryonic loss
with fetal loss, it was estimated that about 60% of all pregnancies are lagtin hi
producing dairy cows (Santos et al., 2004b), with most losses occurring in the first 42 d
of pregnancy. Fertility in dairy cows has been decreasing throughoutSharnd
internationally (Royal et al., 2000; Lucy, 2001; Stevenson, 2001, Zeron et al., 2001,
Lépez-Gatius, 2003). This decline in fertility of dairy cows has becomienanyrfocus
of many scientists. In the 1950s conception rates of dairy cows inseminated afte
detected estrus were approximately 55% (Casida, 1961). However, recensiiguibl
conception rates are approximately 45% (Dransfield et al., 1998), determined by
palpation per rectum 35 to 75 d after Al, for detected estrus and 35% or less with time
Al (Schmitt et al., 1996; Pursley et al., 1997a, b, 1998; Cartmill et al., 2001; Portaluppi
and Stevenson, 2005), determined by palpation per rectum 25 to 49 d after Al.
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Factors associated with embryonic mortality

An explanation for declining pregnancy rates is difficult, and the explanation has
been multi-faceted, because numerous factors contribute to embryonic loss. A major
contributor is thought to be diminished maternal recognition of pregnancy. A lack of
communication between the conceptus and the endometrial epithelial cidlsdehe
secretion of prostaglandinKPGF,,) which causes regression of the CL (Thatcher et
al., 1986; Mann and Lamming, 2001; Thatcher et al., 2001). The CL releases
progesterone, which, among other things, enhances conceptus development (Garrett et
al., 1988). Progesterone also is produced by the placenta and this progesterone source
takes over the maintenance of pregnancy at approximately d 200 of gestation in the
bovine (Estergreen et al., 1967; Chew et al., 1979). Small luteal cells of theaal origi
respond to a number of hormones, primarily luteinizing hormone (LH; Marsh et al.,
1966), and it is these cells that control progesterone production and secretion.
Progesterone blocks surges of gonadotropin releasing hormone (GnRH; Attardi and
Happe, 1986; Kasa-Vubu et al., 1992), and down-regulates estrogen receptors (Brenner
et al., 1974; Evans and Leavitt, 1980; Spencer et al., 1995a, b; Wathes et al., 1996), thus
creating a quiescent uterus for pregnancy (Bottari et al., 1983), and healthy gsncept
maturation.

Conceptus growth leads to stimulation of interferon-tau {)FRécretion (Mann
and Lamming, 2001). Interferanis produced by the mononuclear cells of the
trophectoderm (Thatcher et al., 2001) beginning on d 12 of pregnancy (Farin et al.,
1990). The effects of IFNare antiluteolytic due to the inhibition of endometrial
expression of oxytocin receptors, thus inhibiting the release of,RB6&binson et al.,

v



1999). The inability of the conceptus to suppress the luteolytic cascade during CL
maintenance is a cause of embryonic loss, furthermore, progesterone iskfssdaht
embryo and trophectoderm to have the capability to secretedidNhalt luteolysis.
Sustaining embryos to the stage where they are able to producbyENL2 of
pregnancy is critical to reducing embryonic loss, for which progesteronarnspartant
component.

Lack of maternal recognition of pregnancy obviously indicates that the embryo
will not survive; however, reasons why embryos do not induce maternal recogsition i
multifaceted. There are three primary events that create a suboptitnatiosito
decrease embryonic survival: an abnormal embryo (McFeely and Rajakoski, 1968; Har
et al., 1980; Gayerie de Abreu et al., 1984; King, 1990), an abnormal reproductive tract
environment (Adler 1959; Brenner and Maslar, 1988; Verhage et al., 1990; Murray,
1992; Buhi, 1997; Hugentobler et al., 2007a,b), or an inappropriate relationship between
the embryo and dam. The third reason listed occurs more frequently in littergbea
species and can occur when follicles ovulate at differing intervals, gaaisange of
development stages among embryos or when uterine capacity is reachrdt(&Yidl.,
1986).

Chromosomal abnormalities are a source of embryonic and fetal death and may
be a signal against maternal recognition of pregnancy. When cows \pere\suated,
only 1.9% of blastocysts were chromosomaly abnormal (Hare et al., 1980) whereas
second study demonstrated that 10% of morulae and blastocysts were cytatigneti
abnormal (King 1990). Several studies involving non-superovulated cattle indicated a
frequency of anomalies in 7.5% of embryos (McFeely and Rajakoski, 1968; Gayerie de
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Abreu et al., 1984). Few calves with chromosomal abnormalities are born, indicating a
high level of embryonic or fetal death in these calves. Chromosomal abnornmadities
be transmitted from the sire or dam to the offspring or result from an erte in t
process of gamete formation or at fertilization and early development. Iddieul
noted that humans suffer the greatest incidence of chromosomal abnormalérally
between 50 and 60% of spontaneous human abortuses of the first and second trimester
(Boué and Lazar, 1975; Hassold et al., 1980); thus it is inappropriate to extrapotate fr
humans to other species (Wilmut et al., 1986).

Maternal disease state may affect embryonic survival. Trichomonas faed
Vibrio fetus have known implications on embryo viability (Adler, 1959). Mastlge
has been associated with lower pregnancy rates (Hansen et al., 2004) due to an
increased immune response, likely through the involvement of cytokines. Gréhn and
Rajala-Schultz (2000) stated a hazard ratio indicating that retained planetriss,
and ovarian cysts all decreased the risk of conception. Disease likely affgmtyonic
mortality; however, the majority of cows are not classified as disleatsthe time of
insemination and therefore other factors are likely more crucial to embsunvival.

Stress, including the environmental factors, may influence embryonic health.
Heat stress has a large impact on overall reproduction in cattle (ThatcherEaB/7dt
al., 1993) and specifically decreases oocyte viability (Biggers et al., 1983ehiat al.,
2001; Al-Katanami et al., 2002). Furthermore, climatic stress intended ta thiatiof
rainfall caused a reduction in prenatal survival in ewes when applied attagma

(Griffiths et al., 1970).



The reproductive tract environment is critically important to embryonic
viability. The oocyte is susceptible to poor viability from before ovulation aftar
fertilization in the oviduct; the oviduct and uterus appear to be involved in the
promotion or demise of embryo growth. The oviduct consists of three specifinseg
the infundibulum, ampulla, and isthmus. Each region has different characteristics that
are believed to be designed to provide for the changing needs of the oocyte,
spermatozoa, and developing embryo (Nayak and Zimmerman, 1971; Buhi et al., 1997).
Two cell types, ciliated and nonciliated (secretory) cells, make up thekglitining
and change during the estrous cycle. While sows are in estrus, the high coocantrati
of estrogen promote ciliation and secretory granules (Nayak and Zimmermaniril971)
the ampulla and isthmus.

During diestrus, when progesterone increases, the secretory casadiliieth
the ampulla and isthmus decrease and ciliation decreases in the ampulla @uhi et
1997). The biosynthetic activity (the hormones and proteins that are releasesl) of
oviduct is also under hormonal control. During times of estrogen influence, highly
developed secretory organelles are present and disappear during timegstigpoog
influence (Brenner and Masler, 1988; Murray, 1992; Verhage et al., 1990). Oviductal
cells secrete proteins, cytokines, and growth factors, and while the functionsyof ma
secretions remain unknown, their ability to improve embryo development has been
shown. In vitro fertilization and embryo development are enhanced in severakspeci
including bovine (Eyestone and First, 1989), by the addition of oviduct epithelial cells.
Oviductal and uterine fluids also are the source of amino acids for the developing
oocyte or embryo (Hugentobler et al., 2007a). Regulation of the concentrations of

10



important amino acids is critical but is not suspected to be a major factobigcnc
mortality (Hugentobler et al., 2007a). Similarly, concentrations of ions in the oviduct
and uterus are important for embryo viability but they are not believed to beaésdoci
with embryonic mortality and they are not affected by progesterone fithider et al.,
2007b). Proteins, often referred to as uterine milk proteins, are secreted in the uterus
and are under progesterone control, increasing during early pregnancy or under
supplemental progesterone treatment (Ing et al., 1989). These proteingveay se
function as support of the conceptus during pregnancy.

Declining pregnancy rates may be directly or indirectly related tomtnease in
milk production of dairy cows. Cows had reduced fertility when they were in a
negative energy balance, and they partitioned more nutrients towards milksggjnthe
which reduced embryo quality and viability (Sartori et al., 2002). In contrast, kevera
studies have demonstrated no connection between milk production, embryonic loss, or
30 to 31 d pregnancy rates (L6pez-Gatius et al., 2002; Silke et al., 2002; Cerri et al.,
2003; Santos et al., 2004a). The connection between an increase in milk production and
a decline in fertility is not well established.

Additional evidence indicates that greater milk production is causing a gecrea
in blood progesterone concentrations. In 1964, the University of Minnesota established
two genetic lines of dairy cows. A control line was maintained at 1964 genetics by
using semen from bulls with an average predicted transmitting ability (T A)ilk
yield at that time1964). A select line was developed by using semen from the four
highest bulls for PTA for milk yield each yeae(ec). When comparing the 1964 herd
to the select herd, the select cows had lower concentrations of progestaroties
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1964 herd (Lucy et al., 1998), establishing a link between genetic selection of milk
production and lower concentrations of progesterone. Concentrations of circulating
progesterone are maintained by a balance of secretion by the CL and hvancée

rate. Cleavage rate and the number of oocytes developing into blastocysts weere low
for cows with high milk-producing genetics compared with cows with medium milk
producing genetics (Snijders et al., 2000).

Greater feed intake resulted in lower circulating concentrations ofgiezgae
(Rabiee et al., 2000), and increased liver blood flow, thus increasing metabolism of
progesterone (Sangsritavong et al., 2000, 2002). This observation was confirmed in
ewes, in which the decrease in circulating progesterone with increasedtdedwas
due to an increase in clearance and not a reduction of synthesis rate (Smith et al., 2006)
A slower rise in progesterone during early diestrus could compromise edmtyanic
development (Mann and Lamming, 1999) thereby reducing conception rates (parwas
and Lamming, 1998; Wathes et al., 2003). Concentrations of plasma progesterone
increase from a near zero concentration at the time of estrus, to approxihragénL
three days after estrus and then to over 2 ng/mL after four days (Medalil] 2006a).
Progesterone peaks around d 8 of the estrous cycle at plasma concentrations of
approximately 4 ng/mL, though there is a wide range of concentrations amaosig cow
and will continue to increase throughout pregnancy or will decline after latedly
maternal recognition fails to occur (Starbuck et al., 2006).

Henricks et al. (1971) investigated concentrations of progesterone befare es
and after mating. In 12 heifers that conceived, a steep rise in progestasseen
until d 12 after mating where it reached 9.9 ng/mL and remained stable untihd 33 a
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then increased to 13.9 ng/mL by d 39. Eight heifers did not conceive (assessed by
palpation per rectum on d 42); five of these had a slow rise in progesterone (to about 7
ng/mL) by d 12 followed by a decrease after d 15. One heifer had a slow rise to d 18
and then an abrupt decrease by d 21. Two heifers followed the trend of the pregnant
heifers until d 18 but then began to slowly decrease, registering below 1 ng/ndebetw
d 26 and 30. The authors suggested these two heifers had either abnormal estrous
cycles or were pregnant and suffered embryonic mortality.

A delay of 1 to 1.7 d in the post-ovulatory rise of progesterone was associated
with decreased pregnancy rate in cows (Darwash and Lamming, 1998; Starduyck et a
1999, 2001). In ewes, the conceptus was particularly sensitive to reductions in plasma
progesterone over a 48-h period on d 11 and 12 of pregnancy (Parr, 1992). In mice
selected for small-litter size, daily injections of progesterone dtim@arly post-
implantation period increased the number of offspring to control levels although
concentrations of progesterone in the blood were not different (Michael et al., 1975).

Progesterone is required for pregnancy to be maintained, but a direct link
between concentrations of progesterone and embryonic loss has not beerdvahidate
reports indicate a specific nadir for circulating progesterone congenttatmaintain
pregnancy. It is clear that low concentrations of progesterone or a dét@yrise of
systemic progesterone during the early post-ovulatory period is assauithtdolw
embryo survival in cattle (Lamming et al., 1989; Lamming and Darwash, 1995;
Darwash and Lamming, 1998; Starbuck et al., 1999, 2001; Hommeida et al., 2004).

Progesterone is transferred locally from the ovarian/oviductal venous drainage
to the uterine artery (Weems et al., 1988). The local transfer results in higher

13



concentrations of progesterone within the uterus ipsilateral to the CL ¢Papel1982).
This may render concentrations of progesterone in the blood (where it is measilired
IS subject to clearance) irrelevant in understanding maintenance of preghaspite

of this, the concentration of progesterone in milk from d 4 to 7 after ovulation is
positively correlated with embryo survival in dairy cows (Stronge et al., 2008gill

et al., 2006a). Similar results were noted in studies measuring concentration of
progesterone in plasma of heifers (Diskin et al., 2002; McNeill et al., 2002).

The immune system has an important role in embryo survival (Stites and Siiter
1983). Half the genome in an embryo is derived from the male, thus embryos are
considered foreign to the uterus. It is essential that an immune response doesrnot occ
that would create a suboptimal uterine environment or cause the embryo to teelrejec
Sperm express some histocompatable antigens (Erickson, 1977; Erickson et al., 1981)
and do not go undetected in the female reproductive tract. Seminal plasma contains
potent immunosuppressive substances which may protect them from local immunologic
attack (Lord et al., 1977). The female’s role in immunosuppression remains lsamew
unknown; however, it is clear that progesterone is integrally involvedBlaal .,

1953; Simmons et al., 1968; Watnick and Russo, 1968; Munroe, 1971, Siiteri et al.,
1977; Kovats et al., 1990; Yie et al., 2006). A decreased resistance to infection was
noted in pseudopregnant rabbit uteri compared to those in estrus (Black et al., 1953)
indicating, in this study, that progesterone and not estrogen may be an important
immunorepressive hormone. The HLA-G gene is one gene that is involved in maternal-
fetal immune tolerance (Kovats et al., 1990) and is expressed after a pagester
response element binds in the HLA-G promoter region (Yie et al., 2006). Results vary
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in several studies using synthetic or supplemental progesterone. Krohn (1954) was
unable to prolong rabbit skin allograft survival in animals injected with prageste

while a combination of progesterone and estrogen did moderately prolong grafalsurvi

in mice (Simmons et al., 1968), rats (Watnick and Russo, 1968) and monkeys (Munroe,
1971). In addition, Moriyama and Sugawa (1972) demonstrated that survival of
xenogeneic cell lines in the uterus of hamsters was prolonged with progesté&iiteri

et al. (1977) hypothesized that a high local concentration of progesterone was a key
factor in the immunosuppression at the maternal-placental interface.

Many studies have been conducted to elicit details on the role of progesterone as
an immunosuppressant; most of them indicating effects on lymphocyte activation by
mitogens, antigens, and allogeneic cells (Siiteri and Stites, 1982). Motikcafigc
progesterone inhibits T lymphocyte activation in humans (Stites and Siiteri, 1983). As
concentrations of progesterone decrease before parturition, there is areintreas
uterine monocytes (Padykula and Tansey, 1979). This may indicate that a withdrawa
of progesterone, or low concentrations of progesterone, may be associhtednaune
rejection and tissue inflammation. Further research is warranted to determine
associations between embryonic mortality and immunosuppression.

Circulating progesterone may play a role in affecting gonadotropin ieegret
which alters follicular growth patterns in dairy cows. The uterine envieohghanges,
both physically (Buhi et al., 1997) and biochemically (Garrett et al., 1988; Geisdr,
1992; Mann et al., 1998; Hugentobler et al., 2007a,b), in response to progesterone
stimulation in order to create an environment that can sustain the embryo. &ogest
stimulates the production and secretion of endometrial proteins that are witica
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embryonic growth (Garrett et al., 1988; Geisert et al., 1992; Mann et al., 1998).
Therefore, lower concentrations of progesterone could impair the production and
secretion of endometrial proteins creating a sub-optimal uterine enarnwhich
may be a factor in embryonic death.
Supplemental progesterone

Increasing concentrations of progesterone in the uterus has the patential t
increase embryonic survival. A meta-analysis of 17 progesterone suppleomentat
studies indicated that progesterone treatment during the first week n&poggesulted
in an overall increase in pregnancy rate; however, treatment during the sedandl or
week of pregnancy did not significantly change pregnancy rates (Manraandihg,
1999). In addition to the studies used in this meta-analysis, Table 1 includes more
recent studies, in which supplementation of progesterone was used after an initial
insemination. Overall, pregnancy rate of treated animals was 47.6 % (4130/8675) and
49.1 % (3345/6808) in control animals. Many of these studies did not reach statistical
significance individually; however, when studies were grouped under categorie
several trends were apparent.

The earlier studies using orally administered or injected progesterone
demonstrated promising results. In this subgroup, pregnancy rates ed seahals
was 57.79% (204/353) and control animals was 44.05% (148/336; Table 1). These
early studies also administered progesterone within 10 d after initial @&Wever,
when taking all studies into consideration, pregnancy rates were dtinat.5

percentage points with treatment of supplemental progesterone (Table 1Iyghowe
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dosage, timing, and mode of action of progesterone’s effects on fertiligynaer
elucidated.

Supplemental progesterone during the first 4 days after Al increased
morphological development and biosynthetic activity of day 14 conceptuses (@arrett
al., 1988). In addition, supplemental progesterone increased conception rates when
administered to lactating dairy cows within 6 d after Al (Mann and Lammie@p).

Timing of supplemental progesterone is critical, ideally around d 4 or 5 ofigesta
because during this period progesterone may alter the secretory auftihigy
endometrium, thus influencing embryonic growth (Garrett et al., 1988; Geisdirt et
1992). This is the period of the normal increase in the concentration of progesterone
and, as previously mentioned, a delay in the increase could impair embryonic growth.
Progesterone supplemented immediately after Al caused an increlaseattirrence

of short estrous cycles (Van Cleeff et al., 1996; Garrett et al., 1988; Lynichl&x9®)
which may pose some practical limitations for its use. In dairy cows tleaveedcan
embryo, the average time for progesterone to reach 1 ng/mL after ovulation was 4.1 d
for cows with detectable INF-on d 16 or 5.6 d for those with no detectable iiN# d

16 (Mann and Lamming, 2001).

The quantity of supplemented progesterone also appears to be critical. High
concentrations of progesterone results in down-regulation of progesteronensecept
(Clarke 1990; Spencer and Bazer 1995; Spencer et al., 1995b) and may down-regulate
endogenous production of progesterone (Mann et al., 2001). The combination of these

two factors may result in insufficient progesterone or reduced recefpitotyaafter
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treatment with exogenous progesterone. Therefore, the exact timing and amount of
supplemental progesterone is critical and needs to be further investigated.

Data from a second meta-analysis (Mann 2008) concluded that while
progesterone treatment after either a natural or synchronized estrus ithpregeancy
rates by 4.9%, treatment after a synchronized ovulation did not improve pregnancy
rates. In addition, cows treated with supplemental progesterone after a
nonsynchronized ovulation between d 3 to 9 had an 8.5% increase in pregnancy rate.
Cows treated with supplemental progesterone from d O to 2 or after d 10 failed to
improve fertility.

A recent study in dairy cows utilized an injection of either hCG or GnRH to
induce the formation of an ancillary CL and increase concentrations of progesterone
(Stevenson et al., 2008). Pregnancy losses were not affected by treatment araiumbe
induced luteal structures but were nearly 9-fold greater in females in whligbed
luteal structures regressed (4 vs. 38%). In addition, cows that had graater ser
concentrations of progesterone at the initial pregnancy diagnosis, regafdless
treatment, were less likely to have pregnancy loss (Stevenson et al., 2008).

Collectively, these data indicate that a complex relationship existedetive
induction of ovulation, concentrations of progesterone, and the likelihood of an embryo

to survive and result in a successful pregnancy.
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Table 1. Summary of fertility from experiments conducted using supplementatoogaisterone or induction of secondary
corpora lutea after insemination.

Cattle Type of Time of

. Control Treated Overall efféct
Study type progesterone supplementation
% (no.)
Herrick 1953 ~ Dalry  Repositol, 500 4 5.0 (1/20) 35.0 (7/20) £30.0
and beef mgi.m.
Dawson 1954 Dairy 100 mg tablet d4 16.7 (3/18) 46.8 (22/47) 1 30.1
Wiltbank et al., . 50 mg or 200 mg
1956 Dairy gy mjection @ 310 34 20.9 (20/67)  41.8(28/67) 1119
Johnson et al., . Repositol, 100
Lo88 Dairy B d2,3,4,6and9  37.7(26/69)  70.0 (49/70) 132.3
Sreenan and .
Sickin 1683 Beef 100 mg daily ds5 45.0 (9/20) 73.7 (14/19) 1187
Sreenan and . .
Sickin 1683 Dairy 100 mg daily d 10 to 20 63.0 (89/142)  65.0 (84/130) 12.0
?ggg',”son etal, pay PRI 155 g d5to 12 30.0 (9/30) 60.7 (17/28)  130.7
?ggénson etal, paiy PRI 155 g d 10 to 17 30.0 (9/30) 59.3 (16/27)  129.3
\1’\5;'30“ etal,  pay PRI 155 g d5to 12 57.1 (8/14) 68.0 (17/25)  110.9
Macmillan et al., . d 10, 12,14 or
1991 Dairy  CIDR?, 1.9¢ 16: 6 o duration  67-0(421/628) 643 (317/493) | 2.7
'l"g‘zclm'”a“ 2 pay  CIDR, 1.9 d14-17 to 21 63.6 (300/472) 64.0 (329/514) 1 0.4
Macmillan et al., Dairy CIDR 1.9g d4to9 66.3 (309/466) 74.6 (344/461) 18.3
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1991
Stevenson and

Mee, 1991 Dairy
Stevenson and Dairy
Mee, 1991

Van Cleef et al., Dairy
1991

Larson et al., Dairy
1995

Xu et al., 1997 Dairy
Mann et al., 2001 Dairy
Santos et al., Dair
2007 y
Chebel et al., Dair
2003 y
Chenault et al., Dairy
2003

Funston et al., Beef
2005

Rivera et al., Dairy
2005

Walker et al., Beef
2005

%%réﬁy et al., Dairy
gé%réy et al., Dairy
%%réﬁy etal., Dairy

PRID
PRID

CIDR?, 1.9¢

CIDR?, used

previously
CIDR1.9g

CIDR’,0.95 g

hCG, 3,300 IU
GnRH

CIDR?, 1.38 g
hCG, 3,333 IU
CIDR?, 1.38 g
hCG, 3,300 IU
GnRH, 10Qug
CIDR?, 1.38 g

GnRH, 10Qug

d5to 13

d13to 21

d7to13

d3to 10

d16to 21
d10to 17

d5

d21

d1l4to 21

d5o0r6

d 14 to 20

d5

d5

d5to 12

d7

42

42.4 (39/92)
42.4 (39/92)
53.6 (83/155)

34.9 (22/63)

59.7 (354/593)
53.4 (72/135)

38.7 (79/203)
26.8 (79/295)
36.7 (317/863)
62.9 (229/364)
29.5 (28/95)
64.9 (24/37)
50.4 (193/383)
49.8 (111/223)

51.3 (82/160)

36.4 (16/44)
50.0 (18/36)
57.9 (92/159)

47.8 (32/67)

65.1 (396/608)
56.0 (75/134)

45.8 (93/203)
27.0 (78/290)
32.7 (288/881)
61.5 (216/351)
31.9 (30/94)
66.7 (26/39)
53.1 (205/386)
46.8 (102/218)

52.2 (85/163)

17.6
17.6
14.3

112.9

1 5.4
127

17.1
10.2
14.0
114
124
11.8
12.7
13.0

10.9



Nebel et al.,

2007 Dairy
Stevenson et al., Dair

2007 y
Stevenson et al., Dair

2007 y
Stevenson et al., Dair

2007 y
Larson et al., Beef
2009

Larson et al., Beef
2009

Larson et al., Beef
2009

hCG, 3,300 IU
CIDR?, 1.38 g
GnRH, 10Qug
hCG, 3,300 IU
CIDR, 1.38¢g
CIDR, 1.38 ¢

CIDR, 1.38 g

d5

between d 4 and 9
for 7 d

between d 4 and 9

between d 4 and 9

d5to 14

d1l4to 21

d5to 21

28.3 (200/708)

42.3 (108/256)

28.3 (200/708)
28.3 (200/708)

54.9 (130/237)

54.9 (130/237)

54.9 (130/237)

38.4 (99/257)

32.7 (232/711)

28.1 (202/719)
33.6 (240/714)

53.8 (126/234)

47.8 (111/232)

53.0 (124/234)

13.9
14.4
10.2
15.3
111
171

11.9

! Overall difference in pregnancy rates between control and treated snimal
% Progesterone releasing internal device (PRID) containing 1.55 g progester
3 Controlled internal drug release (CIDR) containing either 0.95, 1.38, or 1.9 g progesterspecified.

* Circulating concentrations of progesterone did increase after treatitiei@nRH or hCG.
®>Blood samples were not collected, therefore, it was unknown whether circulatingtratioas of progesterone increased with

treatment.

® Circulating concentrations of progesterone did not increase aftenémiatvith GnRH or hCG.
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ABSTRACT

We determined whether an ovulatory estrus could be resynchronizekviously
synchronized atrtificially inseminated (Al) nonpregnant cows withounpromising
pregnancy from the previous synchronized ovulation or to those insemeatbd
resynchronized estrus. Ovulation was synchronized in 937 suckled beefatddv
locations using a CO-Synch + progesterone insert (controllechahtdrug release;
CIDR) protocol (a 10Qtg injection of GnRH at the time of progesterone insert,
followed in 7 d by a 25-mg injection of PgFat insert removal. At 60 h after P&gF
cows received a fixed-time Al [TAI] plus a second injectionGfRH). After initial

TAI cows were assigned randomly to 4 treatments: 1) untréetedrol; n = 237); 2)
progesterone insert at 5 d after TAI and removed 14 d after TIBR®14; n = 234);

3) progesterone insert placed at 14 d after TAl and removed #érdral (CIDR14-

21; n = 232); or 4) progesterone insert dtd&fter TAl and removed ldiafter TAl and

then a new CIDR inserted at tidand removed 21 d after TAI (CIDR5-21; n = 234).
After TAI, cows were observed twice daily until 25 d after T#r estrus and
inseminated according to the AM-PM rule. Pregnancy was detednat 30 and 60 d
after TAI to determine conception to the first and second Al.rfamegy rates to TAl
were similar for control (55%), CIDR5-14 (53%), CIDR14-21 (48%), @0R5-21
(53%). A greaterR < 0.05) proportion of nonpregnant cows were detected in estrus in
the CIDR5-21 (76/110, 69%) and CIDR14-21 (77/120, 64%) treatments than in controls
(44/106, 42%) and CIDR5-14 (39/109, 36%) cows. Although overall pregnancy rates

after second Al service were similar, combined conception otiesatments without a
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CIDR from d 14 to 21 (68.7% [57/83]; Control and CIDR5-14 treatmengsg \greater
(P = 0.03) than those with a CIDR during that same interval (53.5%598R/CIDR5-
21 and CIDR14-21 treatments). We conclude that placement of a grogesinsert 5
d after a TAI did not compromise or enhance pregnancy rates tp Ho&vever,
conception rates of nonpregnant cows inseminated after a detestred ®&ere
compromised when resynchronized with a CIDR from d 5 or 14 until 21 d after TAI.

Key Words: Estrus Synchronization, Resynchronization, CIDR, Artificial Insemination

INTRODUCTION

Reproduction is the main factor limiting production efficiency of beef cattle
(Short et al., 1990). Artificial insemination (Al) provides an economically viable
technique to introduce desired genetics into a herd, whereas synchronization of estrus,
ovulation, or both provides a more labor-efficient way to incorporate Al into
management practices. Synchronization of Al also shortens the calving season,
allowing more calves to be born near the beginning of the calving season (Laakon et
2006). Reinsemination of nonpregnant cows at the first eligible estrus canlitsddc
by resynchronization of the estrous cycle (Van Cleeff et al., 1996). With additional
hormonal control of the estrous cycle, a second Al is possible. Resynchronization with
a progestin increased synchronized return rates of nonpregnant femalesd@ieate
al., 2003; Colazo et al., 2006), thereby increasing the number of animals that conceive
to Al while maintaining efficient use of labor. Resynchronization with prtegase
and estradiol cypionate or estradiol benzoate, however, decreased subsequent
conception rates (Stevenson et al., 2003). Supplementation with progesterone ond 5

46



post-Al enhanced pregnancy rates in Holstein cows (Villarroel et al., 2004), but
suppressed fertility when administered within 2 d of first insemination (Veeff@&e

al., 1996). In addition, heifers that received progesterone on d 2 after Al had shorter
estrous cycles than controls (Lynch et al., 1999).

Therefore, the objectives of this study were to determine whether
resynchronization of an ovulatory estrus could be accomplished in previously
inseminated nonpregnant cows without compromising pregnancy in cows pregnant
from a previous synchronized ovulation and whether insertion of a CIDR at 5 or 14 d

after TAl would alter pregnancy rates.

MATERIALS AND METHODS
Locations and Cows

During the spring breeding seasons (April 1 to June 30) of 2004 and 2005, beef
cattle used in this study were managed at 6 locations, located in 3 statésizEe
ranged from 113 to 248 cows. A total of 937 suckled beef cows were submitted for
treatment consisting of British, Continental, and BritisBontinental breed types.
Mean days postpartum at the beginning of the breeding season (d 0) were 58 with a
range of 19 to 102 d. Average parity was 3.0 = 1.6 (mean = SD) with a range of 1 to 10.
Body condition scores (scale of 1 to 9; Whitman, 1975) were determined by an
experienced, but not the same, individual at each location on d —20 relativesto PGF
(PG), with a mean BCS of 4.8 £ 0.6 (mean = SD) and a range of 3 to 6.5. Individual

location data are summarized in Table 1.
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Treatments

Ovulation was synchronized with the CO-Synch + progesterone insert
(controlled internal drug release; CIDR) protocol (Larson et al., 2006). Coeised a
CIDR insert containing 1.38 g of progesterone (Pfizer Animal Health, Nak, YY)
and a 10Qug injection of GnRH (OvaCyst; IVX Animal Health, St. Joseph, MO) on d
—9. On d-2 the insert was removed and cows received a 25 mg of PG (Lutalyse,
dinoprost tromethamine, Pfizer Animal Health), followed in 60 h by a second injection
of GNRH and fixed-time Al (TAI).

After the initial TAI cows were assigned randomly (for IL1 and lb@ations)
or stratified by BCS and days postpartum (for KS1, KS2, MN1, and MN2 locations)
and then assigned to 4 resynchronization protocols (Figure 1): 1) untreated (control; n =
237); 2) progesterone insert al after TAl and removed 14 d after TAI (CIDR5-14; n
= 234); 3) progesterone insert placed at 14 d after TAlI and removed 21 d after TAI
(CIDR14-21; n = 232); or 4) progesterone insert@@&her TAl and removed Idlafter
TAIl and then a new CIDR inserted atddnd removed 21 d after TAI (CIDR5-21; n =
234). A minimum of 2 daily visual observations (at least 45 min each) for estrus began
on d 5 and continued until d 26 after TAI. To assist in detection of estrus cows were
fitted with heatmount detectors (Kamar Inc., Steamboat Springs, CO), whieh wer
affixed midline to the rump of each cow between the tailhead and the tuber coxae (hook
bones). Detectors were placed on all cows on d 5 after TAIL. Cows detected in estrus
received an Al 9 to 14 h after the first detected estrus (AM-PM rule). At 2 of the
locations (KS1 and KS2), cows were visually observed for estrus between d 21 and 25

after TAl and no heatmount detectors were applied.
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Pregnancy was diagnosed by transrectal ultrasonography (5-MHz or 7.5-MHz
intrarectal transducer, Aloka 500V, Corometrics, Wallingford, CT) on d 30 after Al t
determine the presence of a viable embryo thereby assessing TAI psegatasc A
second pregnancy diagnosis was performed at 60 d after TAI to determine ctanulat
first and second service pregnancy rates, plus to establish pregnancy mss tfat
conceived to TAI but lost the pregnancy after d 30. Clean-up bulls were not introduced
until d 26 after TAl and remained with the cows for the remainder of the breeding
season.

Blood Collection and Radioimmunoassay

At the KS1, KS2, and MN2 locations blood samples were collected via tail
venipuncture on d —19 and -9 relative to the TAI. In addition, at the IL1 and IL2
locations, blood samples were collected by tail venipuncture on d 11, whereas blood
samples were collected at the MN1 location on d 14. Blood was centrifuged ak 1,500
g for 10 to 15 min and serum was recovered and stored at —20°C until RIA. Blood
serum was analyzed for concentrations of progesterone in the laboratory of iddividua
investigators, according the validation procedures of the progesterone Righin ea
laboratory.

For the MN and KS locations, concentrations of progesterone in samples were
analyzed by radioimmunoassay using progesterone kits (Coat-A-CountpBiigg
Products Corp. Los Angeles, CA). The assay kit was validated for bovine semy (Ki

et al., 1997) using an assay volume of i00Assay tubes for the standard curve

contained 0.01, 0.025, 0.05, 0.2, 0.5, 1, 2, and 4 ng/tube. Assay sensitivity fonla 100-
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sample was 0.1 ng/mL. Pooled samples revealed that the intra- and inter-assay
coefficient of variation were 5.4 and 7.2%, respectively.

Serum progesterone concentrations for samples collected at the IL locations
were quantified by radioimmunoassay (Kesler, et al., 1990) with intra- amchgday
coefficients of variation of 2.4 and 4.6%, respectively.

For samples collected on d -19 and d -9, when at least 1 of 2 blood samples had
concentrations of progesterond ng/mL, the cow was considered to be cycling at the
initiation of treatments (Perry et al., 1991). Serum samples collected on d 11 orel4 wer
used to compare differences in serum concentrations of cycling cows durimgsices
early pregnancy with or without a CIDR.

Satistical Analyses

Procedures GLM and CATMOD of SAS (SAS Inst. Inc., Cary, NC) were used
to analyze all categorical data, and procedure GLM was used to analyzesgoncat
data. Means were separated by using the least significant differenceif@Dcedure
GLM when a protected F test {F0.05) was detected by ANOVA.

Proportions of cows cycling at the onset of treatments were analyzedXor KS
KS2, and MN2 locations with location as a fixed effect, and days postpartum and BCS
as regression covariables. The model excluded the IL1, IL2, and MN1 locations because
blood samples were not collected on d -19 and -9 at those 2 locations. The model used
to analyze pregnancy rates to TAl, second service conception rates, cumulative
pregnanices after two Al, and pregnancy loss included treatment and locatithrea
treatment x location interaction, with days postpartum as a regression blevaria
Because breed composition, Al sires, and Al technicians were confounded with
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location, they were not included in the model, but reasonable attempts were made to
ensure that these variables were distributed evenly among treatmerats lacaton.

Models used to analyze concentrations of progesterone on d 11 (at the IL1
location), d 14 (at MN1 location), percentage of nonpregnant cows returning to estrus,
and percentage of nonpregnant cows returning to estrus during the 48-h interval from d
22 to 23 included treatment in the model. Orthogonal contrasts were used to compare
concentrations of progesterone between cows that had no CIDR from d 5 to 14 (control
and CIDR14-21 treatments) and cows that had a CIDR from d 5 to 14 (CIDR5-14 and
CIDR5-21 treatments).

Within each model, analyses were conducted to ensure that no biases existed

among treatments based on days postpartum, parity, BCS, and cycling status.

RESULTS
Cycling Satus

Based on concentrations of progesterone from blood samples colleated fr
cows at the KS1, KS2, and MN2 locations at d —19 and —9 we determinednthat
average of 54.4% (296 of 544) of cows were cycling before initiatiagheoCO-Synch
+ CIDR estrous synchronization protocol. Proportions of cycling @aweng the three
locations ranged from 40 to 65% and were influenced by locatiolB&%li(Table 1).
Pregnancy rates to TAI for cycling cows (48.1%; 142 of 297) did riterdP = 0.33)
from noncycling cows (52.2%; 129 of 247). Similarly, cumulative pregearetiter 2
Al were similar between cycling (60.9%; 181 of 297) and noncyci®y7%; 156 of
245) cows.
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For every unit increase in BCS over the range 3.0 to 6.5, the propoftoavs
cycling increasedR < 0.01) by 11.9 + 3.8%. Days postpartum did not affect cycling
status at the beginning of the breeding season.

Fertility to Fixed-Time Al

Treatment with progesterone beginning on d 5 or 14 after TAI did not alter
pregnancy rates to the initial TAIL. Pregnancy rates determined on d 30 afeefiéA
55% for control, 53% for CIDR5-14, 48% for the CIDR14-21, 53% for the CIDR5-21
treatments (Table 2).

No locationx treatment interaction was detected; however, when pregnancy
rates among treatments were combined within each location, a locatidn(e#e@.01)
on Al pregnancy rates was observed. Pregnancy rates among locations mamged fr
40% (MNZ2 location) to 68% (IL1 location), whereas those at the remaining 4 locations
were intermediate (Table 2). Pregnancy rates were gréated.05) for cows that
calved> 50 d before the onset of the breeding season (53.3%) than for those that calved
< 50 d before the onset of the breeding season (46.0%). In addition, for every unit
increase in BCS over the range 3.0 to 6.5, pregnancy rate incrBas®d0(l) by 9.7 £
3.6%. Regardless of treatment, no interaction was detected between stagéupostpar
the onset of treatments or BCS and treatment.

Detection of Estrus and Fertility after Resynchronization

Pregnancy diagnosis at d 30 revealed that 106, 109, 120, and 110 cows were not
pregnant for the control, CIDR5-14, CIDR14-21, and CIDR5-21 treatments,
respectively. Of these nonpregnant cows, a greRter)(01) percentage of CIDR14-

21 (64%) and CIDR5-21 (69%) were detected in estrus than control (42%) and CIDR5-
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14 (36%). When contrasting treatments with a CIDR from d 14 to 21 (CIDR5-21 and
CIDR14-21 treatments) to those without a CIDR during that same intervaldicant
CIDR5-14), the return estrus for those cows treated with progesterone was mor
synchronous than those that were treated with progesterone during that tione &fig

Conception rates to the return estrus tenéed Q.069) to be greater in the
CIDR5-14 (72%) treatment than the CIDR14-21 (53%) and CIDR5-21 (54%)
treatments, whereas controls (66%) were intermediate (Table 2). Instpotrabined
conception rates in cows treated with progesterone from d 14 to 21 (CIDR5-21 and
CIDR14-21 treatments) were greater< 0.03) than those not treated with progesterone
during that same interval (control and CIDR5-14).

No treatment differences were detected for cumulative pregnantae? #l,
but number of pregnancies were different among locations with MN1 (83%)
experiencing the greatest proportion and KS2 (51%) the poorest. In addition, pregnancy
loss for cows diagnosed pregnant to the initial TAI on d 30 but diagnosed nonpregnant
on d 60 was similar among treatments, demonstrating that treatment with pageste
beginning 5 d after TAI failed to enhance conception rates.
Concentrations of Progesterone

A tendency P = 0.11) was detected for concentrations of progesterone to be
greater in CIDR5-14 cows (4.28 = 0.24 ng/mL) than in controls (3.50 = 0.23 ng/mL) on
d 11 after TAlL. The CIDR5-21 (4.08 + 0.23 ng/mL) and CIDR14-21 (3.81 + 0.25
ng/mL) treatments were intermediate. Significant differenes@.03) were noted in

progesterone concentrations when contrasting treatments that receivesigvooge
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from d 5 to 14 (CIDR5-14 and CIDR5-21) and those that did not receive progesterone
(control and CIDR14-21; Figure 3).

Similarly, on d 14 after TAI, concentrations of progesterone were gréater (
0.03) for the CIDR5-14 (7.21 + 0.41 ng/mL) and CIDR5-21 (7.19 £ 0.39 ng/mL)
treatments than controls (5.99 £+ 0.38 ng/mL), and tended(.07) to be greater than
the CIDR 14-21 (6.21 £ 0.39 ng/mL) treatment. When contrasting treatments that
received progesterone from d 5 to 14 (CIDR5-14 and CIDR5-21) and those that did not
(control and CIDR14-21), progesterone-treated cows had grated.01)

concentrations of progesterone than those not receiving progesterone (Figure 3).

DISCUSSION

When managing reproduction in beef cattle to improve the genetic base of the
calf crop efficiently, the percentage of cows conceiving to Al must beasede The
two-fold purpose of this study was to determine: 1) whether increasing Eagestn
early diestrus (d 5 after TAI) would reduce pregnancy loss and incregsapcy rates
to TAI; and 2) if the interval required for detection of the first eligibleussof
previously inseminated nonpregnant cows could be reduced and effectively
resynchronized without interfering with established pregnancies resfutiimgan
earlier TAI. Early progesterone supplementation via a CIDR insertlfalenhance
pregnancy rates to TAl and we found no evidence that implementation of the
resynchronization protocols was disruptive to established pregnancies. In contrast,

resychronization of estrus with progesterone between d 14 and 21 after TAVelfec
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resynchronized nonpregnant cows, but conception rates to the resynchronized estrus
were compromised resulting in no benefit to overall pregnancy rates.

In dairy cows, providing supplemental P4 by CIDR (containing 1.9 g
progesterone) increased or tended to increase pregnancy rates when tseaarent
initiated no earlier than d 3 after Al (Robinson et al., 1989; Van Cleeff et al., 1996;
Stevenson et al., 2007), but not consistently (Stevenson and Mee, 1991). Supplemental
progestin during the luteal phase tended to increase conception rates (Wilmut et al.,
1986) or calving rates of beef heifers (Favero et al., 1993). In addition, supplementing
exogenous P4 may preclude low concentrations of P4 from occurring in the maternal
circulation and prevent pregnancy losses in dairy cows (Stevenson and Mee, 1991; El-
Zarkouny and Stevenson, 2004; Stevenson et al., 2007) and dairy heifers (Van Cleeff et
al., 1996). In contrast, treatment with progesterone beginning on d 5 after TAl in the
present study failed to enhance pregnancy rates to TAI.

In lactating dairy cattle, studies have demonstrated that steroid mstaboli
reduces the concentration of circulating progesterone compared with nomipctats
or heifers (Sangsritavong et al., 2002; Sartori et al., 2002). Therefore, ladeting
cows may benefit from treatments that enhance progesterone aftercAhttast, in
beef cows, the concentration of circulating progesterone shortly aftas Tikély
sufficient for pregnancy establishment and maintenance. Mean concentohtions
progesterone on d 11 after TAl were 3.93 ng/mL and addition of the CIDR treatment
provided 4.66 ng/mL of progesterone, only a 0.62 ng/mL increase in serum
progesterone compared with cows without a CIDR. Further, mean concentrations of
progesterone on d 14 after TAl were 6.10 ng/mL and addition of a CIDR provided 7.20
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ng/mL of progesterone, only a 1.10 ng/mL increase in serum progesterone compared
with cows without a CIDR. In addition, there was no difference in concentrations of
progesterone between cows that became pregnant and those that failed to become
pregnant.

Previous studies demonstrated that pregnancy survival in cows established after
the TAIl were unaffected by resynchronization treatments. Pregnarmiesmaffected
when injections of estradiol benzoate (EB) was administered on d 12, 13, or 14 after Al
(Macmillan et al., 1999). or when injections of EB or estradiol cypionate (ECP)
administered at insertion and removal of a used progesterone CIDR insert ond 11 to 18
or 13 to 20 after TAI (Stevenson et al., 2003). Our results indicate that administering
progesterone via a CIDR insert also was effective in preventing the oceuafenc
spontaneous estrus before its removal.

Concentrating the distribution of estrus into a short, predictable time frame
provides advantages for an Al program. Detection of estrus is both time consuming and
labor intensive, especially for repeat periods of estrus after a fdileecAuse interval
to estrus is more variable compared with noninseminated females (Van Chdeff e
1996). Therefore, another purpose of these studies was to determine whether the
protocols employed effectively increased percentages of nonpregnarggeetaining
to estrus. When a CIDR was present between d 14 and 21, percentages of eligible
nonpregnant females returning to estrus increased, which concurs with our previous
report (Stevenson et al., 2003). In addition, distribution patterns of estrus for our cattle
receiving a CIDR between d 14 and 21 after TAl were consistent with previoussstudi
when beef cows given a single injection of EB on d 13 (CIDR insertion) and on d 20 at
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CIDR removal (Stevenson et al., 2003), or dairy cattle (Macmillan et al., 1999)ah whi
43% were in estrus on d 1 and 42% on d 2 after CIDR removal.

Despite a greater proportion of cows resynchronized with a CIDR insert
expressing estrus, conception rates were compromised resulting in swveilal
pregnancy rates after 2 Al to cows that were not resynchronized. Thel¢e agsee
with our previous report (Stevenson et al., 2003) when the use of progesterone or
melengestrol acetate (MGA) plus ECP either tended to reduce or redudiy &tine
resynchronized estrus, respectively. Other research (Purvis and Whittierha897)
shown that conception rate of beef heifers after resynchronization with MGA did not
differ from controls, but was numerically less in MGA-treated heifersidro
conception rates in MGA-treated (Chenault et al., 1990) or CIDR-treatedetemal
(Macmillan and Peterson, 1993) indicated that some persistent folliclesimaight
developed in heifers assigned to those treatments. This very likely could bestire rea
for the reduction in fertility in our study, because no treatment was used tteiaitia
new follicular wave at CIDR insertion. When EB was administered at CIDRiorse
for resynchronization of estrus, fertility increased in dairy cows assequence of
promoting a third follicular wave (Macmillan et al., 1999). This was evident when
conception rates were less in cows in which fertilized oocytes were dewvedife
second (58%) compared with the third (95%) follicular wave of the estrous cyclefin be
(Ahmad et al., 1997) and dairy cows (30 vs. 68%; Townson et al., 2002).

Enhancing fertility of estrus- or ovulation synchronization protocols faeititat
the potential increased usage of Al. We demonstrated that supplementation of
progesterone via a CIDR insert to postpartum suckled beef cows on d 5 afterl@d\I fai
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to enhance fertility. In addition, resynchronization of estrus in nonpregnant cthnes w
CIDR enhanced synchrony of estrus and increased the proportion of cows detected in
estrus, but had a negative impact on conception rates. Therefore, further research is
required to seek a protocol that successfully resynchronizes previously ingemina
nonpregnant females while maintaining satisfactory conception ratesetieted

estrus.
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Table 1 Characteristics of cows at each location including number of cows treated,
breed composition, days postpartum, parity, body condition score and estrous cycling
percentage

Days Parity, BCS,  Cyclicity®,
postparturfy mean mean %
Locatiorf N Breed origin mean (range) (range) (range) (no./no.)
British,
L1 120 Continental - - - -
British,
L2 113 Continental - - - -
KS1 248  British, 61 (23-96) 4.9 (1-10f 5.0 (3.0- 65
Continental, 6.5) (161/248}
British x
Continental
British, 4.2 (3.0- 40
KS2 143 Continental 49 (19-78) 3.7 (1-8)  6.0)  (57/143)
British, 5.1 (4.0-
MNL 160 continental 59 (19-8%) 1.9 (1-9f  6.07 i
British, 5.0 (3.5- 60
MN2- 153 Continental 61 (22-10%) - 6.5  (92/153
Overall 937 4.8 (3.0- o7

58 (19-102) 3.0 (1-10) 6.5)  (310/544)

®Days postpartum at initiation of the breeding season (d 0).

P Body condition score on 1 to 9 scale (1 = emaciated and 9 = obese; Whitman, 1975).
¢ Percentage of cows cycling at initiation of treatments (d -7).

dLocation abbreviations refer to each of 6 herds among three states. Days postpartum
and BCS was not recorded at IL1 and IL2 locations. Parity was not recordidd at |

IL2, and MN2. Blood samples were not collected at IL1, IL2, and MN1 locations to
determine cyclicity.

2 Means within a column diffeiP(< 0.05).
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Table 2. Fertility of previously inseminated suckled beef cows whose first edigiblrus was
resynchronized with or without progesterone via a CIDR insert after &l fixed-time Al.

Treatmertt
ltem Control CIDR5-14 CIDR-14-21 CIDR5-21
------------------- n (%)-------------------
Pregnancy rates to TAl
IL1 20/30 (67) 24/30 (80) 18/30 (60) 20/30 (67)
IL2 10/29 (34) 13/28 (46) 11/26 (42) 15/30 (50)
KS1 36/62 (58) 38/63 (60) 32/62 (52) 34/61 (56)
KS2 22/35 (63) 18/36 (50) 17/37 (46) 14/35 (40)
MN1 26/41 (63) 18/39 (46) 21/40 (53) 26/40 (65)
MN2 17/40 (43) 16/38 (42) 13/37 (35) 15/38 (39)
Overall 131/237 (55)  125/234 (53)  112/232 (48)  124/234 (53)
Return to estrds 44/106 (42§  39/109 (36Y  77/120 (64)  76/110 (69)
Conception ratés 29/44 (66¥ 28/39 (72 41/77 (53) 41/76 (54)

Cumulative pregnancy rafes
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IL1

IL2

KS1

KS2

MN1

MN2

Overall
Pregnancy lo$s

23/30 (76)
16/29 (55)
36/62 (58)
22/35 (63)
32/41 (78)
29/40 (73)

158/237 (67)

9/130 (7)

24/30 (80)
18/28 (64)
38/63 (60)
18/36 (50)
34/39 (87)
26/38 (68)

158/234 (68)

6/126 (5)

25/30 (83)
12/26 (46)
40/62 (65)
22/36 (61)
32/40 (80)
23/37 (62)

154/231 (67)

6/111 (5)

23/30 (77)
18/30 (60)
47/61 (77)
14/35 (40)
34/40 (85)
25/37 (68)

161/233 (69)

6/124 (5)

@ Cows were assigned to treatments according to Figure 1.

® Timed Al = fixed-time Al; pregnancy rates were determined on d 30.

¢ Percentage of nonpregnant females returning to estrus d 21 to 26 after TAI.

d Percentage of cows pregnant after Al for cows returning to estrus.

® Overall pregnancy rates after 2 Al as determined on d 60.

" Pregnancy loss of TAI pregnancies between d 30 and 60.

" Means within a row differR < 0.05).

Y2 Means within a row differR < 0.10).
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Figure 1. Experimental protocol for treatments to synchronize ovulation and resynchrdniseoépreviously inseminated cows.
Blood (B) samples were collected on d —19, and —9. BCS = body condition score; GridREdoigopin-releasing hormone; CIDR =

controlled internal device release; Al = artificial insemination; FAixed-timed Al; US = ultrasonography.
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ABSTRACT

Progesterone is necessary for maintenance of pregnancy andatgnabnceptus
development. To accurately simulate reproductive tract environnmeatder to study
the in vitro interaction of progesterone and embryos, an accooaeentration of
progesterone must be known. Our objective was to establish the cotaentfa
progesterone in the uterine horn and oviduct to provide a base concentrétonsied
in further experiments. The estrous cycles of 13 Angus heifems synchronized with
the CO-Synch + CIDR protocol and inseminated atrtificially dixad-time. Nine
heifers were then subjected to a uterine horn/oviduct flush using staeddryo
transfer equipment and PBS as the flushing agent on d 3 (n = 4) @r € 5) post-Al.
Blood samples were collected on d -9, -2 and O relative to TARarahily beginning
24 h after Al until 156 h after TAI. To further assess coneéiotis of progesterone in
the reproductive tract, concentrations of progesterone wereedenfiuterine fluid from
the reproductive tracts of eleven females collected from artoabatUterine flush,
blood serum, and uterine fluid samples were analyzed for concentaditprogesterone
using radioimmunoassay. Concentrations of progesterone from flustie8 (068 *
0.31 ng/mL) were similar > 0.05) to those on d 7 (0.47 £ 0.27 ng/mL) and total
progesterone from flushes on d 3 (20.37 + 9.41 ng) was similar to those @1.d9Y +
8.42 ng). Concentrations of progesterone in serum increased frony gifietlAl (0.14
ng/mL, 48 h post-Al) until after 156 h post-Al (2.88 ng/mL). Fieproductive tracts
collected had a CL, and concentrations of progesterone were 0.16, 0.30, 0.58, 1.75 and
9.94 ng/mL for those tracts (mean £ sd = 2.55 + 4.18 ng/mL). Thererappehe
significant variability in the concentration of progesterone antbegeproductive tract
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of beef females within one week of estrus with the approxin@teentration ranging
from 0.50 and 1.00 ng/mL.

Key Words: Concentration of progesterone, Reproductive tract, Bovine embryo

INTRODUCTION

The concentration of progesterone in blood serum has frequently been used to
represent the amount of progesterone available for reproductive processes.
Progesterone is transferred locally from the ovarian/oviductal venous drainhge to t
uterine artery (Weems et al., 1988). The local transfer results in greatamtrations
of progesterone within the uterine horn ipsilateral to the corpus luteum (pk; &R al.,
1982). Concentrations of progesterone also were greater in uterine blood neaathe lut
tissue compared to systemic circulating blood (Cicinelli et al., 2004). Thisndiggaie
that blood serum or plasma concentrations of progesterone are irrelevant in
understanding maintenance of pregnancy. In addition, to ensure accurate amalati
an in vitro progesterone model of oviduct and uterine conditions, accurate
concentrations of progesterone are necessary.

Progesterone is necessary for maintenance of pregnancy and ssmulate
conceptus development. Proteins are secreted in the uterus and are under control of
progesterone, increasing during early pregnancy or under treatment of sugpleme
progesterone (Ing et al., 1989). These proteins may serve a function as support of the
conceptus during pregnancy. Low concentrations of progesterone or endélayise
of systemic progesterone during the early post-ovulatory period is @gsbwiith low
embryo survival in cattle (Lamming et al., 1989; Lamming and Darwash, 1995;
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Darwash and Lamming, 1998; Starbuck et al., 1999, 2001; Hommeida et al., 2004).
Therefore, our goals were to establish the concentration of progesteroneterihe
horn and oviduct to gain knowledge and provide a base concentration to be used in

further experiments.

MATERIALS AND METHODS
Uterine horn/oviductal flush

The estrous cycles of 13 Angus heifers were synchronized with the CO-Synch +
CIDR protocol (Lamb et al., 2006) and heifers were inseminated athfiatza fixed-
time. Heifers received a CIDR insert containing 1.38 g of progester&iner(Rnimal
Health, New York, NY) and a 1Q@g injection of GnRH (OvaCyst; IVX Animal
Health, St. Joseph, MO) on d -9. On d -2 the insert was removed and heifers received
25 mg of PGE, (Lutalyse, dinoprost tromethamine, Pfizer Animal Health), followed in
54 h by a second injection of GnRH and fixed-time Al (TAI). Nine heifers viere t
subjected to a uterine horn/oviduct flush using standard embryo transfer equipment and
PBS as the flushing agentond 3 (n=4) ord 7 (n =5) post-Al. Ond 3 and 7 after TAI,
the uterine horn ipsilateral to the CL was flushed. In addition, four heifers were not
flushed, since heifers failed to respond to estrous synchronization and the cemox of t
heifers were too small to safely pass the catheter.

Of the four heifers flushed on d 3, three were flushed with 30 mL PBS and one
was flushed with 15 mL PBS due to capacity of uterine horn and oviduct. Of the five
heifers flushed on d 7, four were flushed with 20 mL PBS and one was flushed with 30

mL PBS due to capacity of uterine horn and oviduct. A standard 56 cm, 16 Fr. embryo
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collection catheter containing a 5 mL cuff (High Recover Catheter, AB Technology
Pullman, WA), which was inflated in the uterine horn, was used on all d 3 flushes and
one d 7 flush. An infusion pipette was used for the remaining four d 7 flushes. During
the flushes using an infusion pipette, the uterine horn contralateral to the CL was
manually crimped to limit PBS from entering the horn. Regardless of flustetigpoh
PBS was massaged in the uterine horn and oviduct for approximately 2 min and then as
much as possible was collected and the quantity was recorded. Fluid was thegdvorte
and allowed to settle and aliquoted into vials prior to freezing at -20°C and later
analyzed for concentration of progesterone.

Blood was collected from all heifers via venipuncture of the tail vein using 10
mL vacutainer tubes containing no additive. Samples were collected ond -9, -2 and 0
relative to TAIl and 2x daily beginning 24 h after Al until 156 h after TAI. Blood
samples were refrigerated and then centrifuged at 1,500 x g for 20 min within 24 h.
Serum was collected and frozen at -20°C until concentration of progesterone was
determined using radioimmunoassay (RIA).
Uterine fluid collection

To verify concentrations of progesterone in the uteri of heifers, concengratio
progesterone were verified in uterine fluid from the reproductive tractevdrel
females collected from an abattoir and transported immediately to thatiatyorAn
incision of the reproductive tract was made beginning at the cervix/uterine body
junction to the end of each uterine horn, and all fluid and mucous was collected via a
syringe and placed in 50 mL vials. Fluid was measured and frozen at -20°C until RIA
analysis. When fluid was thawed for analysis, samples with more than 5 mL of fluid
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were centrifuged at 2,000 x g for 20 min to attain a diluted fluid to facilitatétipige
Ovarian and uterine characteristics, including structures on the ovary,eserdad to
approximate phase of the estrous cycle.
Radioimmunoassay

The RIA procedure of Coat-A-Count (Diagnostic Products Corp., Los Angeles,
CA) was used to determine concentration of progesterone in thawed serum, uterine
flushings, and uterine fluid samples. The assay kit was validated for bowine ser
(Kirby et al., 1997) using an assay volume of 100Assay tubes for the standard
curve contained 0.01, 0.025, 0.05, 0.2, 0.5, 1, 2, and 4 ng/tube. Assay sensitivity for a
100-ul sample was 0.1 ng/mL. Intra-assay coefficient of variation for pooledleam
was < 10%.
Satistical analyses

The concentration of progesterone in each sample was calculated based on a
standard curve generated by regressing the standard assay tubegatalanmptal count
standard and a non-specific binding standard. Total progesterone was ahlgsilage
the concentration of progesterone recorded in each sample multiplied by the total
amount of PBS flushed into the uterus.

Statistical models to analyze concentration of progesterone in utershénths
as well as total progesterone consisted of the variable, d of flush (3 or 7) and@ata we
analyzed using the GLM Procedure of SAS (SAS Inst., Inc., Cary, NC) stistlti
models to analyze concentration of progesterone in serum samples consis¢ed of t
variable date of sample collection and data were analyzed using the MIXE&dBre

of SAS (SAS Inst., Inc.) with blood sample as a repeated variable. Means wer
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separated by using the least significant difference in the GLM or MIX6Beplure of
SAS (SAS Inst., Inc.), respectively, when a proteétddst P < 0.05) was detected by
ANOVA. Standard errors are presented.

The statistical model to analyze concentrations of progesterone in the uterine
fluid from reproductive tracts consisted of reproductive tract and data nayzed

using the GLM Procedure of SAS (SAS Inst., Inc).

RESULTS AND DISCUSSION
Uterine horn/oviductal flush

Concentrations of progesterone from flushes on d 3 (0.68 + 0.31 ng/mL) were
similar (P > 0.05) to those on d 7 (0.47 + 0.27 ng/mL; Table 1). Similarly, total
progesterone from flushes on d 3 (20.37 £ 9.41 ng) was similar to those ond 7 (11.79 +
8.42 ng; Table 1). We hypothesized that an increase in concentration of progesterone
would be noted between d 3 and d 7 due to growth of a forming CL. However,
variability of values was large in these samples generating larggastierrors and
individual animal variation may have had a greater impact on concentrations of
progesterone than progesterone within the flushes.

In an experiement (Abecia et al., 1999), endometrial concentrations of
progesterone were measured in ewes by homogenizing endometrial tisssedn ti
culture media. On d 9 post-mating, concentrations of progesterone (preseneathas m
+ sd) ranged from 37.9 ng/mg in a nonpregnant ewe to 57.3 £ 14.6 ng/mg in pregnant
ewes (n=6). On d 15 post-mating, concentrations of progesterone in endomstreal tis
of different ewes were 26.2 + 3.2 ng/mg (n=6). Ovarian venous blood samples also
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were assessed on d 9 and 15 post-mating. Concentrations of progesterone in these
samples were 5567 ng/mL in the nonpregnant ewe and 1607 + 797 ng/mL in the
pregnant ewes ond 9 and 1761 = 795 ng/mL on d 15 in pregnant ewes. When corpus
lutea were removed from the ovaries of these ewes on d 9 and incubated in tissue
culture media to measure progesterone production, concentrations of pagester
released from luteal tissue per hour was 3385 ng/mg in the nonpregnant ewe and 3139 +
563 ng/mg in the pregnant ewes. On d 15, concentrations of progesterone were 2016 +
599 ng/mg in pregnant ewes. It is evident that a large quantity of progesterone is
released from luteal tissue but little of this remains in ovarian venous blood sl les
detected in endometrial tissue.
Concentration of progesterone in serum

As expected, concentrations of progesterone in serum increased from shortly
after Al (0.14 ng/mL, 48 h post-Al) until after 156 h post-Al (2.88 ng/mL; Figure 1).
Results from 84 h to 156 h post-Al only include heifers flushed on d 7. Similar results
were recorded by Sartori et al. (2004), where serum concentrations oftprogesn
heifers increased from < 0.5 ng/mL at the time of ovulation to approximately 2.8 ng/m
on d 7 of the estrous cycle. In this same study, luteal tissue volume increased from
approximately 1000 miron d 3 to 5,500 m#fron d 7 of the estrous cycle. Luteal tissue
volume reached a plateau on approximately d 7 or 8 whereas concentrations of
progesterone in serum continued to rise until d 14 of the estrous cycle (Sartori et al.,
2004).

In humans, serum concentrations of progesterone were significantlyitotirer
systemic circulation compared to the arterial/venous uterine blood (Giehall,
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2004). Concentrations of progesterone in serum from women in the follicular phase of
the menstrual cycle were 1.21 £ 1.02, 0.86 + 0.49, and 0.75 + 0.51 (ng/mL; mean % sd)
in the uterine vessels, radial artery (systemic blood), and antecubital ystem{s
blood), respectively. In contrast, concentrations of progesterone for womenutete |
stage of the menstrual cycle were 23.67 + 13.11, 10.39 + 3.69, and 9.81 + 3.38 (nhg/mL;
mean = sd) in the uterine vessels, radial artery (systemic blood), and aaleceihit
(systemic blood), respectively (Cicinelli et al., 2004).

In beef cows, progesterone also was detected at a lower concentratienmni@ ut
tissue contralateral to the CL compared to uterine tissue ipsilaiehs CL (Pope et
al., 1982). These data indicate the potential existence of mechanisms of local
distribution of ovarian steroids and that measurement of progesterone in thacsyste
system may not accurately portray the concentration of progesterotabkevtn the
embryonic environment.
Uterine fluid collection

Initially, 11 reproductive tracts were recovered for fluid collection, howeve
fluid collection was only successful in 6 of 11 tracts. Of those where fluid was not
collected, one tract contained a fetus and there was not sufficient fluid surrolreling t
placenta for collection. Two tracts did not have sufficient fluid for catiacbne tract
had pyometria and one tract had 15 mL of thick mucous which restricted pipetting and
therefore concentration of progesterone could not be measured. Of the dracts fr
which fluid was collected, one tract appeared to be during estrus and contained 104 m
of thick mucus with a concentration of progesterone of 0.07 ng/mL. The remaining five
tracts all contained small and medium follicles and a CL. Concentrations of
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progesterone were 0.16, 0.30, 0.58, 1.75 and 9.94 ng/mL for the five tracts,
respectively. Mean concentrations of progesterone of the five tracts cogtaiGiL
were 2.55 = 4.18 ng/mL (mean * sd).

In conclusion, there appears to be significant variability in concentration of
progesterone among the reproductive tract of beef females within one weekisf es
which concurs with data in humans and sheep. The primary goal of this study was to
establish in vivo uterine concentrations of progesterone for subsequent in vitro
experiments. The mean (0.61 ng mL) we established was based on concentrations of
progesterone in the reproductive tracts of 13 females with a CL, with theiexcefpt

the tract with a 9.94 ng/mL value since this value apparently was exces$sgtely
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Table 1. Flushing information and progesterone (P4) data for each heifer.

Day Fluid  Fluid P2 Total
of in, out’, ' P-value SEM P4,  P-value SEM
ng/mL
flush  mL mL ng
3 30 26.2 1.68 0.618 0.31 50.35 0.519 9.41
3 30 24.1 0.04 1.12
3 30 181 0.98 29.45
3 15 13.2 0.04 0.54
7 20 12,5 0.30 0.519 0.27 5.97 8.42
7 20 13.3 0.40 8.09
7 20 11.6 0.18 3.51
7 20 11.3 0.27 5.47
7 30 20.8 1.20 35.89
dv 0.47 11.79
mean

! Quantity of fluid retrieved from oviduct
2 Quantity of progesterone (P4) per mL of fluid retrieved from oviduct
% Quantity of progesterone (P4) retrieved (concentration of progesteraseimae in
ng/mL of fluid multiplied by total mL fluid infused)
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Figure 1. Concentration of progesterone in serum samples collectedtgimsiiar
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ABSTRACT

Progesterone promoted development of bovine conceptuses, in vivo. An increased
understanding of the factors affecting development of embryosnperative to
determine how to influence embryonic survival. Therefore, thectgs of this study
were: 1) to determine whether a co-culture of bovine oviductal épitiells (BOEC)
during in vitro culture of in vitro produced embryos affects emhlgeelopment; and

2) to determine the effects of progesterone in culture media during the iowitrce of

in vitro-produced embryos on embryo development. Bovine oocytes wereapedch
matured, and fertilized, in vitro, and treatments were applied dtivengulture-phase of

in vitro production. In Experiment 1, 311 oocytes in 33 droplets were uskuleia
replicates. A 3 x 2 factorial arrangement of treatments wsed. Droplets were
assigned to receive one of three concentrations of progesterone:biyosnmvere
exposed to 0 ng/mLQON; n = 10); 2) embryos were exposed to 1 ng/mO(n =
11); and, 3) embryos were exposed to 100 ng/kil;, 6 = 12). In addition, droplets
were assigned to be cultured in the prese@@CGULT; n = 17) or absenceCON
COCULT; n = 16) of a co-culture of BOEC. In Experiment 2, 825 oocyie84
droplets were used in eight replicates. Droplets were askigneceive one of three
concentrations of progesterone: 1) embryos were exposed to 0 rgdN; 6 = 32); 2)
embryos were exposed to 1 ng/mlQO(; n = 34); and, 3) embryos were exposed to 100
ng/mL HI; n = 35). In Experiments 1 and 2, the percentage of oocytesl¢aatd
was not affected by the co-culture of BOEC or progesterongrieeda (P > 0.10). In
Experiment 1, the co-culture of embryos with BOEC significandgcreased
development (47.0 £ 27.7% vs. 68.2 + 17.5%) of those oocytes that cleaved to the
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morula stage or greateP € 0.023) and to the blastocyst stage (7.5 £+ 13.5% vs. 31.4 +
20.2%; P < 0.001). In Experiment 1, concentrations of progesterone did reutt aff
embryo development to the morula stage or gre&er (0.945) or to the blastocyst
stage P = 0.107). In Experiment 2, concentrations of progesterone did not affect
embryo development to the morula stage or greater of developen(857), but
tended to impact embryo development to the blastocyst stagevelopdment P =
0.056). The percentage of embryos that developed to the blastegestsis greatest

for the CON group with 26.2 + 20.2%, lowest for the HI group with 18.8 + 14.7%, and
intermediate for the LO group with 22.4 + 18.6%. In conclusion, development
decreased with the addition of BOEC to the culture of embryos prodaceitro.
Embryo development also tended to decrease with the addition of 100L rod/
progesterone.

Key Words: Progesterone, Embryo Development, Co-culture, Bovine

INTRODUCTION

Embryonic loss contributes to substantial economic losses in both dairy and beef
cattle operations because of loss of milk production, a decrease in numbers of calves
that can be sold or used as replacement heifers, and an increase in cullitrg datey
cows, fertilization rates have been similar in lactating (mean = 76.2%; +a55& to
87.8%) and nonlactating (mean = 78.1%; range = 58.0 to 98.0%) cows (Dalton et al.,
2001; DeJarnette et al., 1992; Sartori et al., 2002). However, by d 27 to 31 after Al,

conception rates decreased to 35 to 45%. By d 5 to 6 after Al, only 65% of the
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fertilized oocytes were considered viable (Dalton et al., 2001; DeJarnattel&92;
Sartori et al., 2002).

Supplemental progesterone during the first 4 days after Al increased
morphological development and biosynthetic activity of d 14 conceptuses (@aakjt
1988). In addition, supplemental progesterone during the first week of pregnancy
increased pregnancy rates (Mann and Lamming, 1999) in some studies. However,
progesterone cannot be supplemented immediately after Al because it sithease
occurrence of short estrous cycles (Garrett et al., 1988; Van Cleeff &94;,Llynch et
al., 1999). High concentrations of progesterone may result in the down-regulation of
progesterone receptors (Clarke 1990; Spencer and Bazer 1995; Spencer et al., 1995b),
and may down-regulate endogenous production of progesterone (Mann et al., 2001). In
dairy cows that received an embryo, the average interval after ovulatibn unti
progesterone achieved a 1 ng/ml concentration was 4.1 days for cows with detectabl
INF-t and 5.6 days for those with no detectable iIN#+ d 16 (Mann and Lamming,

2001). Timing of supplemental progesterone is important, in part, because it is thought
to alter the secretory activity of the endometrium, thus influencing embryavitig

(Garrett et al., 1988; Geisert et al., 1992). In addition, progesterone appears to have a
direct effect on oocyte maturation or competence. In monkeys, supplemental
progesterone during the maturation phase of in vitro-produced embryos improved the
developmental competence of oocytes (Zheng et al., 2003) indicating that progesterone
acts directly on oocytes or surrounding cumulus cells. Therefore, supplementation of
progesterone during early stages of embryo development may enhancetthefahi
embryo to survive to maternal recognition of pregnancy and needs further inv@stigat
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An increased understanding of the factors affecting viability of emlssyos
imperative to determine how to influence embryonic survival. Therefore, theioégec
of this study were: 1) to determine whether a co-culture of bovine oviductal gpithel
cells during in vitro culture of in vitro produced embryos affects embryo devefdpme
and 2) to determine the effects of progesterone in culture media durimgvibe i

culture of in vitro-produced embryos on embryo development.

MATERIALS AND METHODS
Substrates, chemicals, and media preparation

All chemicals were purchased from Sigma Chemical Co. (St. Louis, MO) unless
specified otherwise. All-in-one synthetic oviductal fluid (SOF) medium forrtgovi
(Gandi et al., 2000) was used for the in vitro fertilization and culture of oocytes and
embryos. Stock solutions were prepared with 182 Wéter and stored at 4°C for
either 1 wk (bicarbonate, pyruvate, glutamine/alanine), 1 mo (calcium, glUeDI A,
taurine) or 3 mo (HEPES, basil salt solution). Stock solutions of
penicillin/streptomycin/ amphotericin (PSA; Invitrogen Corp., Grand Islang, NY
amino acids (minimal essential medium concentrations; MP Biomedicals,3dlGn,
OH) and vitamins (minimal essential medium concentrations; MP Biomedit4l3
were stored according to manufacturers’ suggestions and were used diratibygfom
preparation. Amounts of stock solutions as well as BSA in working solutions are
described in Table 1. Working solutions were prepared for each replicated f{liez@
um; MillexGV; Millipore, Billerica, MA) and equilibrated in the appropriaas
atmosphere.
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Oocytes and in vitro maturation

Bovine oocytes were purchased (Ovitra Biotechnology, Amarillo, TX) where
they were aspirated from abattoir ovaries. Oocytes with at leastldyers of compact
cumulus cells and even cytoplasm were placed in maturation media containing 10%
FBS. Fifty oocytes in 10 mL maturation media were placed in each vial andveias
flushed with 5% CQin air before being capped. Oocytes were shipped overnight at
39° C in temperature-controlled incubators.
In vitro fertilization

Oocytes were allowed to mature for 22-24 h and were then washed twice in
HEPES buffered medium and once in SOF fertilization medium (Table 1). Nine
hundred eighty five (eight replicates with approximately 125 oocytes plaate)
oocytes were then placed in groups of 10, ipddroplets of SOF fertilization medium
under 10 mL washed mineral oil in 10 x 60 mm plastic dishes (Falcon 1007; Becton
Dickinson Labware, Franklin Lakes, NJ). Mineral oil was washed by adding Dpa
PBS (Invitrogen Corp.) without calcium to 3 parts mineral oil and then shaken
vigorously and allowed to separate.

Frozen semen from the same bull for each replicate was thawed for 1 min in a
37° C water bath. Sperm were capacitated by centrifugation through a 90% and 45%
Percoll (GE Healthcare Bio-sciences Corp., Piscataway, NJ) gradie2@ min at 700
x g and washed by centrifugation in sperm wash medium (Table 1) at 700 x gatwice f
5 minutes to remove any remaining semen extender. Insemination was carrigd out b
adding 2uL of the spermatozoa and fertilization media mixture, to reach a final
concentration of 0.75 x £@permatozoa/mL in the dropletuP of 4 pg/mL heparin,
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and 2uL PHE (Ball et al., 1983; Parrish et al., 1985, 1988: penicillamine, 20 pmol/l;
hypotaurine, 10 umol/l; epinephrine, 1 umol/l). The final droplet volume wa&.50
Oocytes were co-incubated with spermatozoa for 18 h at 38.7°C with 6.3 CO
atmosphere.
In vitro culture

After incubation with sperm, all presumptive zygotes were placed into 0.5 mL
SOF-HEPES with 0.11 mg/mL hyaluronidase and vortexed for 3 min to remove
cumulus cells, followed by an additional wash in SOF-HEPES and a wash in-dulture
medium. No selection was performed after fertilization; all presumptiyetey were
moved in groups of 10 into 50 pL droplets of culture-1 medium under 10 mL washed
mineral oil. Embryo cultures were performed at 38.7° C with 5% C@6 Q: 85%
N> in atmosphere. After 72 h of culture, all embryos were removed from culture drops,
and while being maintained in their experimental group of 10, examined for gégava
washed 2 times in SOF-HEPES and once in culture-2 medium, and placed into culture-2
medium drops in the same conditions as culture-1 for an additional 96 h. After embryos
were in culture for a total of 7 d, further measurements were taken.
Treatments

In Experiment 1, 311 oocytes in 33 droplets were used in three replicates. A 3 x
2 factorial arrangement of treatments was used. Droplets weraebssigreceive one
of three concentrations of progesterone: 1) embryos were exposed to 0 G
=10); 2) embryos were exposed to 1 ng/mO ( n = 11); and, 3) embryos were
exposed to 100 ng/mlH( ; n = 12). In addition, droplets were assigned to be cultured in
the presencgJOCULT ; n = 17) or absenc€0ON COCULT; n = 16) of a co-culture
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of bovine oviductal epithelial cells (BOEC). Treatments were randomigressio
each dish containing approximately 3 droplets. A droplet served as tharexquat
unit.

In Experiment 2, 825 oocytes in 84 droplets were used in eight replicates.
Droplets were assigned to receive one of three concentrations of progestgrone
embryos were exposed to 0 ng/n@N; n = 32); 2) embryos were exposed to 1
ng/mL LO; n = 34); and, 3) embryos were exposed to 100 nghihfrf = 35). A
droplet served as the experimental unit.

Embryos exposed to progesterone treatment received treatment when embryos
were moved into droplets to ensure that the concentration was at treatment
concentrations when embryos were introduced.

Embryos exposed to BOEC during the culture phase (Eyestone and First, 1989)
received BOEC isolated from oviducts collected from an abattoir and transfmotted
laboratory in 0.9% NaCl within 30 to 60 min after evisceration. Oviducts were rinsed
and placed in sterile plastic dishes, grasped with forceps at the isthmic endagped sc
gently toward the infundibulum with a glass microscope slide to squeeze out oviductal
cells. Cells were transferred to a 12-mL conical tube with 10 mL HEPES mediim
washed through 5 changes of HEPES medium by centrifugation (700 x g for 5 min).
The tissue pellet was resuspended in 10 mL Medium 199 (Mediatech, Inc., Herndon,
VA) supplemented with 10% heat-treated fetal calf serum (Invitrogep. G&rand
Island, NY) and 5Quig gentamicin/mL. Tissue suspension was cultured in 6-well
culture plates (2 mL suspension/well) at 39° with 5% @Qhe air. Cells were
established for 2 to 14 d before being added to embryo culture droplets. Cells were
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collected, washed through HEPES medium and were allowed to settleiL©he
concentrated BOEC was added to each droplet (Xu et al., 1992).
Determination of embryo devel opment
Embryos were visually assessed for cleavage on d 4 of culture (when moved
into culture-2 medium). After embryos had been in culture for 7 d, oocytes or embryos
were visually assessed and assigned a developmental stage accostimglards set
forth by the International Embryo Transfer Society (Savoy, IL). fdistical analyses,
a category was assigned to each oocyte/embryo dependent on stage of develgpment
< morula (1 to < 32 cells), 2) morula 3) early or expanded blastocyst, 4) hatched
blastocyst.
Satistical analyses
Hypothesis
Factor 1: co-culture with BOEC
Ho:t1 =12
Hiti#12
Factor 2: concentration of progesterone
Hoti=12=13
Hiti#12#13
Interaction of factors
Ho: Interaction Factor 1 and Factor 2 =0
Hi: Interaction Factor 1 and FactogD
Statistical significance of results was obtained using an alpha error of 0.05, a
beta error of 0.20 and a Power of 80%. Values were considered statisticalgndiffer
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whenP < 0.05 and a tendency for statistical difference was considered when P85
0.10.

Procedure GENMOD of SAS (SAS Inst., Inc., Cary, NC) using a probit model
with a binary distribution was used to analyze data. Means were separatatglers
MEANS procedure of SAS when a protecketest P < 0.05) was detected. Standard
deviations are presented. For Experiment 1, the percentage of oocytes that cldaved a
the percentage of cleaved embryos reaching the morula stage or futtiebtastocyst
stage of development were analyzed using a model that included replicatetgporges
treatment, co-culture treatment, and all two-way interactions. For Exgrérinthe
percentage of oocytes that cleaved and the percentage of cleaved embryog teachi
morula stage or further or the blastocyst stage of development were dnayrg a
model that included replicate, progesterone treatment, and the replicateneirteat

interaction.

RESULTS AND DISCUSSION

Embryonic loss contributes to substantial economic losses in both dairy and beef
cattle operations (Thurmond and Picanso, 1990; Eicker and Fetrow, 2003; De Vries,
2006); mechanisms to decrease embryonic loss would benefit beef and dairy producers.
Some of these potential mechanisms have been researched and typically invadee the
of a progestin. Results have been variable (Mann and Lamming, 1999; Mann 2008) and
the exact mechanism behind treatments with progestins have not been elucidated.
Progesterone, a steroid hormone produced by the CL and placenta, blocks surges of
GnRH (Attardi and Happe, 1986; Kasa-Vubu et al., 1992) and down-regulates estrogen
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receptors (Brenner et al., 1974; Evans and Leavitt, 1980; Spencer et al., 1995a, b;
Wathes et al., 1996), thus creating a quiescent uterus for pregnancy (Bottari et al
1983), and healthy conceptus maturation. Progesterone enhances conceptus
development in vivo and promotes the secretion of interferon tau ;(IE&frett et al.,
1988), which is necessary for the maintenance of pregnancy.

The reproductive tract environment is critically important to embryonic
viability. The oviduct consists of regions which have different charadtsrisiat are
controlled, in part, by progesterone (Brenner and Masler, 1988; Verhage et al., 1990;
Murray, 1992; Buhi et al., 1997). In vitro fertilization and embryo development are
enhanced in several species (including the bovine; Eyestone and First, 1989), by the
addition of oviduct epithelial cells. Oviductal and uterine fluids also are the sdurce o
amino acids for the developing oocyte or embryo (Hugentobler et al., 2007). Therefore,
we elucidated whether progesterone directly influenced early embryoniopienasnt
in vitro or, by using a BOEC co-culture system, whether progesterone acted upon
BOEC which could influence embryonic development in vitro.
Replicate differences

Oocytes and embryos are sensitive to temperature fluctuations (Schuenadher
Fischer, 1988; Rivera and Hansen, 2001) and pH changes (Ocon and Hansen, 2003) and
therefore, researchers are limited in the number of oocytes that can sulycbesf
handled at one time. To combat this, experiments of this manner are conducted in
replicates. In addition, when acquiring oocytes from unknown cows in an abattoir,
oocyte quality is beyond laboratory control and replicates balance the faetocsuld
be involved such as breed, age, disease and nutritional status of cows, heat stress the
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oocyte may have been exposed to, and handling of ovaries after evisceration. As a
result of these factors, replication was a significant source of variatibisin t
experiment.

Three replicates of in vitro produced embryos were included in Experiment 1
whereas eight replicates were included in Experiment 2. Each replcesisted of
approximately 123 oocytes (range 85 to 151) and approximately 13 droplets (range 9 to
15). Each droplet contained approximately 10 oocytes or embryos (range 7 to 11).
Replication was a significant source of variation on cleavage rate and development of
cleaved embryos to the morula or blastocyst stage (P < 0.05; Table 2). Theggercent
of oocytes that cleaved, per replicate, ranged from 66.5 + 14.6% to 84.9 + 15.2%. The
percentage of cleaved embryos that reached the morula stage or grepgédrfram
48.1 + 33.7% to 80.5 + 31.7% and that reached the blastocyst stage ranged from 14.6 +
14.4% to 30.1 £ 15.7%. Similar differences among replicates have been recorded in
our laboratory in other experiments even though extensive attempts were made to
control variables.

Incidence of oocyte cleavage

In Experiment 1, the percentage of oocytes that cleaved was not affected by the
co-culture of BOEC or progesterone treatment (P > 0.10; Table 3). For ooayimstw
co-culture (n = 16), 73.3 £ 11.9% cleaved whereas 75.6 £ 16.9% of oocytes with co-
culture (n = 17) cleaved. For progesterone treatment, 74.6 £ 12.1%, 70.0 = 16.7%, and
78.5 + 14.1% cleaved in CON (n = 10), LO (n = 11) and HI (n = 12) treatment groups,

respectively.
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In Experiment 2, the percentage of oocytes that cleaved among the treatment
concentrations of progesterone were simifar(0.169; Table 5). The percentage of
oocytes that cleaved were 82.1 + 13.1%, 76.5 + 15.4%, and 80.9 + 16.4% for the CON
(n=32), LO (n = 34), and HI (n = 35) progesterone treatment groups.

These results were expected because co-culture and progesteronetseatme
were not administered until presumptive zygotes were moved into the cultureelgphas
in vitro production. At this point, many oocytes were nearing, or even beginning, the
first division of mitosis.

Embryo development and co-culture with BOEC

In Experiment 1, the co-culture of embryos with BOEC significantly decreased
development of those oocytes that cleaved to the morula stage or geeat@0g3)
and to the blastocyst stage< 0.001; Table 3). For oocytes that cleaved, 68.2 + 17.5%
of those without co-culture developed to the morula stage or greater whereas 47.0 +
27.7% of those with co-culture developed to the morula stage or greater. Similarly, of
oocytes that cleaved, 31.4 + 20.2% of those without co-culture developed to the
blastocyst stage whereas 7.5 + 13.5% of those with co-culture developed to the
blastocyst stage (Table 3).

In Experiment 1, an interaction tended to occur between the co-culture treatment
and progesterone treatments on the development of cleaved oocytes to the morula stage
or greater® = 0.062) and also on the development to the blastocyst $tag.098;

Table 4). In droplets where co-culture was present, development wassgel;re
however, development to the morula stage or greater was decreased less when
progesterone was present at either LO or HI concentrations (Table 45e&siag
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development to the blastocyst stage, development was decreased most significantl
the LO progesterone treatment and decreased less in the NO and HI etiocesndf
progesterone (Table 4). Perhaps progesterone influenced BOEC sligmhatae
their capacity to secrete factors to improve embryonic growth. Howeveraince
treatments with co-culture had decreased development compared to treatitients
co-culture, it was clear these embryonic factors were not sufficewgrcome the
negative factors of co-culture on embryo development.

In most cell culture environments, serum (fetal calf serum, heat-tesited
cow serum, or pregnant mare serum) usually is included in media as a proteenfgourc
cellular growth (Bavister, 1995). Serum also contains beneficial factorsrthahce
cell proliferation (Eppig et al., 1992), many of which are unknown, but may also be
toxic (Maurer, 1992). These factors may differ among serum sources as weHias
lots of similar sources (Bavister, 1995). For these reasons, it is idealdictamvitro
embryo experiments in the absence of serum, but use purified bovine serum albumin,
which was used the current experiments (Table 1). The resulting media was more
defined and repeatable, even though the viability of cell cultures was likely
compromised. Serum was not used in these experiments; therefore, many of the live
BOEC placed into co-culture may have undergone apoptosis during the culture phase.
Therefore, the nonliving cells may have emitted factors that comprdmmsbryonic
development.
Embryo development and treatment with progesterone

In Experiment 1, concentrations of progesterone did not affect embryo

development to the morula stage or gred®er 0.945) or to the blastocyst stade<
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0.107; Table 3). For oocytes that cleaved, 57.0 + 32.7%, 56.2 + 23.2%, and 58.5 *
22.5% developed to the morula stage or greater for the CON, LO, and HI progesterone
treatments, respectively. In oocytes that cleaved, 27.7 + 23.6%, 15.5 + 22.4%, and 15.1
+ 15.4% developed to the blastocyst stage for CON, LO and HI PG treatments,
respectively (Table 3).

In Experiment 2, concentrations of progesterone did not affect embryo
development to the morula stage or greater of developien0(857; Table 5). The
percentage of embryos that developed to the morula stage or greater was 62.4 + 24.4%,
62.2 + 20.0%, and 66.8 + 27.9% for the CON, LO and HI progesterone treatments,
respectively. Concentrations of progesterone tended to impact embryo develapment
the blastocyst stage of developmdnt=(0.056; Table 5). The percentage of embryos
that developed to the blastocyst stage was greatest for the CON gro@6 \Rith
20.2%, lowest for the HI group with 18.8 + 14.7%, and intermediate for the LO group
with 22.4 + 18.6%. Administering supplmental progesterone, in vivo, from d 1 to 4 of
pregnancy advanced development of d 14 conceptuses (Garrett et al., 1988). The
current experiment is the first known attempt to determine whether perogastacts
directly on the embryo and influences early embryonic development witloaut a
culture present. Our results are similar to those from Pereira et al., (20080
supplementation of progesterone during the culture phase decreased embryo
development when a co-culture of either BOEC or granulosa cells was used with 10%
superovulated oestrus cow serum present in medium. We determined that progesterone,
at either 1 ng/mL or 100 ng/mL, did not significantly affect embryo development i
vitro. Progesterone may likely affect embryo development in vivo by causingeha
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in the oviductal and uterine environment (Brenner and Masler, 1988; Verhage et al.,
1990; Murray, 1992; Buhi et al., 1997). When progesterone was added, in vitro, to
oocyte maturation media, embryo development was advanced (Zheng et al., 2003).
However, cumulus cells were surrounding oocytes during maturation and these were
likely affected by progesterone which acted on the oocytes (Zheng 20@3).

In conclusion, these results indicated that development decreased with the
addition of BOEC to the culture of embryos produced in vitro. Embryo development
also tended to decrease with the addition of 100 ng/mL of progesterone. While
progesterone may slightly decrease the negative impact of the co-ctikmméryos

with BOEC, it was insufficient to produce a positive outcome on development.
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Table 1. Composition of synthetic oviductal fluid (SOF) medium used to fertilize

oocytes, wash spermatozoa and culture bovine zygotes and embryostin vitro

Reagent (mmol/L) Fertilization Sperm Wash Culture-1 Culture-2
Sodium pyruvate 0.33 1.0 0.33 0.33
Alanine/Glutamine - - 1.0 1.0
Glucose - - 1.5 3.0
Sodium lactate - 18.3 - -
HEPES - 12.5 - -
Bovine serum

) 6 mg/mL 3 mg/mL 8 mg/mL 8 mg/mL
albumirf
EDTA - - 0.1 -
Taurine - - 0.1 -
NEAA® 2x - 1x 1x
EAA’ - - 1% 2x
Vitamins - - - 1x
PSA - 10puL/mL - -

! Supplements added to a base SOF medium consisting of 99.70 mmol/L NaCl, 7.16
mmol/L KCI, 1.19 mmol/L KHPQ,, 0.49 MgC}-6H,0, 3.30 mmol/L lactic acid (L)

free acid (MP Biomedicals, LLC), sodium salt (60% syrup), i.e. sodium éa@at07
mmol/L NaHCQ, 1.71 CaCGl-2H,0.

2Bovine serum albumin used in fertilization was Fatty Acid Free (Sigma A75EH), us
in sperm wash was Fraction V (Sigma A3311), and used in culture-1 and culture-2 was
crystallized (Cat. No. 810012; MP Biomedicals, LLC).

¥ Non-essential amino acids (MP Biomedicals, LLC).
“ Essential amino acids (MP Biomedicals, LLC).
® Pennicillin/streptomycin/amphotericin (PSA; Invitrogen Corp., GranchdsIAlY).
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Table 2. Percentage of oocytes that were fertilized and cleaved aedtpgecof cleaved embryos that developed to

morula or greater, or blastocysts by replicate.

Percentage of cleaved embryos that developed to

Replicate No. Droplets Percentage cleaved tno.) > Morula Blastocyst
------------------------------------- Mean % sd ------—------mmmmm oo
1 9 73.£°+ 12.3 (85) 68.7 +19.8 26.2 +20.8
2 12 83.8+11.2 (108) 578+ 16.0 14.7+19.5
3 12 66.8+ 14.6 (118) 483+ 33.7 18.68"+22.1
4 15 78.7° + 14.1 (144) 50% + 20.8 14.8"+14.4
5 13 80.6° + 12.9 (128) 749+ 16.3 22.7¢+18.4
6 15 84.9+11.8 (151) 605 +17.2 26.8+12.8
7 11 83.6+21.1 (107) 805+ 31.7 27.%+19.0
8 14 84.9+ 15.2 (144) 74%+17.8 30.f+15.7

' no. = Number of oocytes that were fertilized and cleaved.
abcdvjithin a column, means without a common superscript letter dBferd.10).
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Table 3. Percentage of oocytes that were fertilized and cleaved ardtpgecof cleaved embryos from Experiment 1 that
developed to morula or greater or blastocysts by main effect.

Percentage of cleaved embryos that developed to

Treatment No. Droplets Percentage cleaved {no.) > Morula Blastocyst
----------------------------------- Mean + sd ---------—----mmmmmmeeeeee
CON P4 10 74.6 £12.1 (95) 57.0+£32.7 27.7 £ 23.6
LO P# 11 70.0 +£16.7 (110) 56.2 £ 23.2 15.5+22.4
HI P4 12 78.5 +14.1 (106) 58.5+22.5 15.1+15.4
CON COCULT 16 73.3+11.9 (151) 682 17.5 31.4+20.2
COCULT® 17 75.6 + 16.9 (160) AT@& 27.7 7.5+135

' no. = Number of oocytes that cleaved.

2 CON P4 included embryos exposed to no progesterone (CON).

3 LO P4 included embryos exposed to 1 ng/mL progesterone (LO).

* HI P4 included embryos exposed to 100 ng/mL progesterone (HI).

> CON COCULT included embryos exposed to no co-culture with bovine oviductal epitieiial CON COCULT).
® COCULT included embryos exposed to co-culture with bovine oviductal epithel@{CECULT).

a\Within a column for each factor, means without a common superscript letter(Biffe.05).
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Table 4. Percentage of cleaved embryos in Experiment 1 that developed to mgrekten, or blastocysts by
co-culture and progesterone treatment.

Percentage of cleaved embryos that developed to

Treatment
Co-culture/Progesterone No. Droplets > Morula Blastocyst
------------------ Mean * sd ------------------

CON/CON 5 75.7 +8.3 452+ 138
COCULT/CON 5 38.2+38.2 102 +17.8
CON/LC? 5 66.3 + 15.% 31.3+254°
COCULT/LO 6 47.9 + 26.% 24+58
CON/HP 6 63.7 +24.3 19.9 + 14 .8°
COCULT/HI 6 53.4 +21.% 10.3 + 16.%

1 CON/CON included embryos not exposed to co-culture (CON) with bovine oviductal igpitets (BOEC) or
to progesterone (CON).

2 COCULT/CON included embryos exposed to BOEC (COCULT) but not exposed to proge@ON).

¥ CON/LO included embryos not exposed to BOEC (CON) but exposed to 1 ng/mL of progedt€pne

* COCULT/LO included embryos exposed to BOEC (COCULT) and exposed to 1 ngfmagefsterone (LO).
®> CON/HI included embryos not exposed to BOEC (CON) but exposed to 100 ng/mL of progeéttjo

® COCULT/HI included embryos exposed to BOEC (COCULT) and exposed to 100 ng/mlgesmne (HI).
abcdvjithin a column, means without a common superscript letter dBferd.10).
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Table 5. Percentage of oocytes that were fertilized and cleaved andtpgecef cleaved embryos in
Experiment 2 that developed to morula or greater, or blastocysts by progedteatment.

Percentage of cleaved embryos that developed to

Treatment  No. Droplets  Percentage cleaved {no.) > Morula Blastocyst
mmmmmemmmmeeeeees -- Mean % sd ----------—----memom oo
CON P4 32 82.1+13.1 (267) 62.4 +24.4 26.2 +20.2
LO P4 34 76.5 + 15.4 (281) 62.2 +20.0 22.4+ 8.6
HI P4’ 35 80.9 + 16.4 (277) 66.8 + 27.9 18.8 + £4.7

' no. = Number of oocytes that were fertilized and cleaved.

2 CON P4 included embryos exposed to no progesterone (CON).

% LO P4 included embryos exposed to 1 ng/mL progesterone (LO).

* HI P4 included embryos exposed to 100 ng/mL progesterone (HI).
aWwithin a column, means without a common superscript letter dRferd.10).
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ABSTRACT

Supplemental progesterone may influence embryonic survival in c#tiencreased
understanding of the factors affecting viability of embryos iparative to determine
how to influence embryonic survival. The objectives of this experinvgere to
determine whether the supplementation of progesterone during teighknst or second
phases of culture ah vitro-produced embryos alters embryo development, embryonic
cell metabolism, or cell number. Oocytes were purchased, maamddertilized in
vitro; treatments were applied during the culture phase of in vidugtion. Five
treatments including a control were randomly assigned to a didheach dish
contained 6 droplets with each droplet assigned the same treatriieeésments were:
1) control CON; n = 23); 2) 1 ng/mL progesterone in culture-1 medit@NO; n =
21); 3) 100 ng/mL progesterone in culture-1 medittNQO ; n = 24); 4) 1 ng/mL
progesterone in culture-2 mediuM@LO; n = 23); and, 5) 100 ng/mL progesterone in
culture-2 mediumNOHI ; n = 23). Culture-1 consisted of the first 72 h of culture, and
culture-2 consisted of h 73 to 168. The percentage of oocytes thaedlehe
percentage of cleaved embryos that developed to the morula stageater, the
blastocyst stage or greater, or the hatched blastocyst stage similar among
treatments. Quantities of glucose metabolized by blastocystope were similar, but
when metabolism data was normalized for numbers of cells in bhdtocyst,
differences were detecte® € 0.03; 61.3 + 7.7 fmols, 59.7 + 6.7 fmols, 66.4 = 8.0
fmols, 84.8 + 7.6 fmols, 52.1 + 8.3 fmols of glucose in CON, LONO, HINOLAO
and NOHI, respectively). Embryos receiving LO progesterone resteg P = 0.085)
metabolism of glucose compared to embryos receiving HI progestei@nantities of
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pyruvate oxidized by blastocyst, per hour and quantity per cef wnilar among
treatments. Embryos exposed to progesterone during Culture-1 temdbdve
increased oxidation of pyruvate per embry £ 0.089) and per cellP(= 0.091)
compared to embryos exposed to progesterone in Culture-2. The nundmdisah
each blastocyst were similar among treatments; however, blatston the CON group
had 100.8 = 5.55 cells compared to 89.2 £ 2F4 (0.039) cells per blastocyst in P4
treated groups. In conclusion, supplementation of progesterone tadnpraiduced
embryos failed to directly enhance cleavage rates, developmmdniastocysts, and
metabolic characteristics.

Key Words: Progesterone, Embryo Development, Embryo metabolism, Bovine

INTRODUCTION

Embryonic loss contributes to substantial economic effects in both dairy and
beef cattle operations. Fertilization rates average approximately 75 td&0%n(et
al., 2001; DeJarnette et al., 1992; Sartori et al., 2002); however, by d 5 to 6 after Al,
only 65% of the fertilized oocytes were considered viable (Dalton et al., 2001;
DeJarnette et al., 1992; Sartori et al., 2002).

Supplemental progesterone during the first 4 days after Al has increased
morphological development and biosynthetic activity of day 14 conceptuses (@arrett
al., 1988). In addition, supplemental progesterone during the first week of pregnancy
increased pregnancy rates (Mann and Lamming, 1999) in some studies. lroadairy ¢
that received an embryo, the average interval after ovulation until prageste
achieved a 1 ng/ml concentration was 4.1 days for cows with detectabtealint5.6
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days for those with no detectable INIBn d 16 (Mann and Lamming, 2001). Timing of
supplemental progesterone is important, in part, because it is thought tbealter t
secretory activity of the endometrium, thus influencing embryonic growtir¢tGat

al., 1988; Geisert et al., 1992). The reproductive tract environment is critically
important to embryonic viability. The oviduct consists of regions which haveeattfer
characteristics that are controlled, in part, by progesterone (Brantidfiasler, 1988;
Verhage et al., 1990; Murray, 1992; Buhi et al., 1997).

In addition, progesterone appears to have a direct effect on oocyte maturation or
competence. In monkeys, supplemental progesterone during the maturation phase of i
vitro-produced embryos improved the developmental competence of oocytes (Zheng et
al., 2003) indicating that progesterone acts directly on oocytes or surrounding cumulus
cells. Therefore, supplementation of progesterone during early stages wbembr
development may enhance the ability of the embryo to survive to maternal reogniti
of pregnancy and needs further investigation.

Traditionally, morphology and cell number have been used to determine embryo
viability. Morphology is the best way to visually detect differences inldpugent
among embryos and increased cell numbers has been associated with increased
competence. Measures of metabolic activity are another indicator of ewidbiyidy.
Glucose utilization increases as an embryo develops (Javed and Wright, 199d eRiege
al., 1992; Thompson et al., 1996; Khurana and Niemann, 2000); and glycolysis
becomes the predominant energy pathway used (Thompson, 1996) even though the
oxidation of pyruvate, which is the predominant pathway used in the oocyte and embryo
during its earliest stages of development, is still used. Embryos at a fuateos
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development will utilize more glucose than embryos less developed, creating a
measurable index of development. However, embryos that are stressed loowhat s
characteristics associated with decreased viability have unatrastcally high rates of
glycolysis (Javed and Wright, 1991; Rieger et al., 1995; Lane and Gardner, 1996)
requiring careful interpretation of results. The in vitro procedure caudesenifstress
to increase glycolysis in in vitro produced embryos as compared to in vivo embryo
counterparts (Khurana and Niemann, 2000).

An increased understanding of the factors affecting viability of embryos is
imperative to determine how to influence embryonic survival. Therefore, theioégec
of this experiment were to determine whether the supplementation of progeste
during either the first or second phases of cultuie gitro-produced embryos alters

embryo development, total cell number, or embryonic cell metabolism.

MATERIALS AND METHODS
Substrates, chemicals, and media preparation

All chemicals were purchased from Sigma Chemical Co. (St. Louis, MO) unless
specified otherwise. All-in-one synthetic oviductal fluid (SOF) medium forrovi
(Gandi et al., 2000) was used for the in vitro fertilization and culture of oocytes and
embryos. Stock solutions were prepared with 182 wéter and stored at 4°C for
either 1 wk (bicarbonate, pyruvate, glutamine/alanine), 1 mo (calcium, gJu€ID3A,
taurine) or 3 mo (HEPES, basil salt solution). Stock solutions of
penicillin/streptomycin/ amphotericin (PSA; Invitrogen Corp., Grand Island, NY)
amino acids (minimal essential medium concentrations; MP Biomedicals,34lGn,
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OH) and vitamins (minimal essential medium concentrations; MP Biomedit#l3,
were stored according to manufacturers’ suggestions and were used diratibygfom
preparation. Amounts of stock solutions as well as BSA in working solutions are
described in Table 1. Working solutions were prepared for each replicated f{liez@
um; MillexGV; Millipore, Billerica, MA) and equilibrated in the appropriaas
atmosphere.
Oocytes and in vitro maturation

Bovine oocytes were purchased (Ovitra Biotechnology, Amarillo, TX) where
they were aspirated from abattoir ovaries. Oocytes with at least layers of compact
cumulus cells and even cytoplasm were placed in maturation media containing 10%
FBS. Fifty oocytes in 10 mL maturation media were placed in each vial asdwaed
flushed with 5% CQin air before being capped. Oocytes were shipped overnight at
39°C in temperature-controlled incubators.
In vitro fertilization

Oocytes were allowed to mature for 22 to 24 h and were then washed two times
in SOF-HEPES buffered medium and once in SOF fertilization medium (Tab@nk).
thousand one hundred thirty five (approximately 284 oocytes per replicate; four
replicates over time) oocytes were then placed in groups of 10 uib debplets of
SOF fertilization medium under 10 mL washed mineral oil in 10 x 60 mm plastic dishes
(Falcon 1007; Becton Dickinson Labware, Franklin Lakes, NJ). Mineral sil wa
washed by adding 1 part D-PBS (Invitrogen, Corp.) without calcium to 3 partsamine

oil and then shaken vigorously and allowed to separate.
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Frozen semen from the same bull for each replicate was thawed for 1 min in a
37°C water bath. Sperm were capacitated by centrifugation through a 90% and 45%
Percoll (GE Healthcare Bio-sciences Corp., Piscataway, NJ) gradie2@ min at 700
x gand washed by centrifugation in sperm wash medium (Table 1) at 700 x g twice fo
5 min to remove any remaining semen extender. Insemination was carried out by
adding 2uL of the spermatozoa and fertilization media mixture, to reach a final
concentration of 0.75 x £@permatozoa/mL in the dropletuP of 4 pg/mL heparin,
and 2uL PHE (Ball et al., 1983; Parrish et al., 1985, 1988: penicillamine, 20 umol/l;
hypotaurine, 10 umol/l; epinephrine, 1 umol/l). The final droplet volume wa&.50
Oocytes were co-incubated with spermatozoa for 18 h at 38.7°C with 6.3 CO
atmosphere.
In vitro culture

After incubation with sperm, all presumptive zygotes were placed into 0.5 mL
SOF-HEPES with 0.11 mg/mL hyaluronidase and vortexed for 3 min to remove
cumulus cells, followed by an additional wash in SOF-HEPES and a wash in-dulture
medium. No selection was performed after fertilization; all presumptiyetey were
moved in groups of 10 into 50 pL droplets of culture-1 medium under 10 mL washed
mineral oil. Embryo cultures were performed at 38.7°C with 5% C@% Q: 85% N,
in atmosphere. After 72 h of culture, all embryos were removed from culture drops, and
while being maintained in their experimental group of 10, examined for cleavage,
washed 2 times in SOF-HEPES and once in culture-2 medium, and placed into culture-2
medium drops in the same conditions as culture-1 for an additional 96 h. After embryos
were in culture for a total of 7 d, further measurements were taken.
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Treatments

Five treatments including a control were randomly assigned to a dish and were
applied during the in vitro culture phase. Each dish contained 6 droplets with each
droplet assigned the same treatments. Treatments were: 1) cGQN] § = 23); 2) 1
ng/mL progesterone in culture-1 mediubONO; n = 21); 3) 100 ng/mL progesterone
in culture-1 mediumHINO ; n = 24); 4) 1 ng/mL progesterone in culture-2 medium
(NOLO; n = 23); and, 5) 100 ng/mL progesterone in culture-2 medN@H( ; n =
23). Treatments were added to the droplets (containing approximately 10 embryos in
each; n = 114); therefore, experimental unit was a droplet for development data.
Culture-1 consisted of the first 72 h of culture and culture-2 consisted of hours 73 to
168 of culture.

In addition to the droplets of culture medium containing the treatment
concentration of progesterone, the mineral oil overlay also was mixed migtiching
concentration of progesterone to eliminate the progesterone exiting thetstopl
equilibriate with the oll.

Determination of embryo devel opment

Embryos were visually assessed for cleavage on d 4 of culture (when moved
into culture-2 medium). After embryos had been in culture for 7 d, oocytes or embryos
were visually assessed and assigned a developmental stage @ctostiamdards set
forth by the International Embryo Transfer Society (Savoy, IL). Falyass, a
category was assigned to each oocyte/embryo dependent on stage of develbpment
morula (1 to < 32 cells), 2) morula 3) early or expanded blastocyst, 4) hatched
blastocyst.
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Determination of metabolic activity

All embryos placed into the early or expanded blastocyst or hatched blastocyst
category (n = 194) underwent an analysis of metabolic activity to assétdsdrel
viability of the embryo. To determine the metabolic activity of embryosdifroation
of the hanging drop technique was used to measure metabolic metabolism ¥D-[5-
glucose (specific activity 19.63 Ci/mmol; PerkinElmer LAS, Inc., Boston, &i#9 [2-
14C] pyruvic acid, sodium salt (specific activity 15 mCi/mmol; Amermi&adiolabeled
Chemicals, Inc., St. Louis, MO).

Appropriate quantities of labeled substrates were dried under nitrogendgas a
taken up in metabolism medium (SOF base with 0.099 mmol/L unlabeled sodium
pyruvate, 1.5 mmol/L unlabeled glucose and 1 /ff polyvinyl alcohol).

Metabolism medium was used within 24 h of preparation, and was pre-equilibrated at
38.7°C in 5% CQ@ 10% Q:85% N at least 8 hours before use. After assessment for
development, all blastocysts were removed from culture-2 droplets and placed into a
50-uL drop of pre-equilibrated metabolism medium under washed mineral oil, with
individual treatments in separate droplets. Each embryo was taken up in 2 pL of
metabolism medium and placed in the cap of a 1.5-mL microcentrifuge tube together
with 2 pL of pre-equilibrated metabolism medium containing the radiolabeled
substrates. The caps were lightly placed over warm tubes containing 1.5 mL
bicarbonate solution (25.07 mmol/L) and the airspace was flushed with a gasemixtur
(5% CQ: 10% Q:85% Np) for 5 s and then caps were tightened over tubes and
incubated at 38.7°C for 3 h. Four sham tubes and four total-count tubes were prepared
in an identical manner but contained no embryo were prepared in duplicate, one set at
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the beginning and one set at the end. Total-count tubes were shaken to mix the
metabolism medium with the bicarbonate solution before and after incubation.

At the end of the 3 h incubation period, caps were removed and 1 mL of
bicarbonate solution was removed from each tube and placed into a gladatsmmtil
vial containing 200 pL of 0.1 M NaOH solution to convert the dissolveg&@
bicarbonate into carbonate. Each sample tube was examined to verify the poédence
embryo, and the embryos were recovered into individual numbered wells of 24-well
plates for counting of cell numbers. Scintillation vials were held at 4°C8do 24 h,
and then 10 mL scintillation fluid (Ecolite (+)TM; MPBiomedicals, LLC)snalded to
each vial. The vials were then held at room temperature in the dark for 12 h and then
counted for 4 min in a liquid scintillation counter programmed for dual-label counting.
The amount of glucose and pyruvate metabolized by each embryo was edlaglat
described by Tiffin et al., (1991).

Determination of cell numbers

After embryos were incubated for determination of metabolism, they we
placed individually into 24-well plates containing 5000f 100% ethanol with 25
ug/mL bisbenzimide (Hoechst 33342) and were stored at 4°C in the dark for 12 h.
Embryos were then individually taken up with a minimal amount of the stain and
approximately 2L glycerol and placed on glass slides and covered with a coverslip.
Embryos were viewed and nuclei were counted using fluorescence microscopy.
Satistical analyses

Hypothesis

Hoti1 =12 =13=T4=T5
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Data was collected in four replicates over time. A droplet was congittexe
experimental unit in developmental data and embryo was considered the experimental
unit for metabolism and cell number data. Statistical significance ofsewart
obtained using an alpha error of 0.05, a beta error of 0.20 and a Power of 80%. Values
were considered statistically different wherr 0.05 and a statistical trend was
considered when 0.G5P > 0.10.

Procedure GENMOD of SAS (SAS Inst., Inc., Cary, NC) using a probit model
with a binary distribution was used to analyze data, including: the percentage of oocytes
that cleaved and the percentage of cleaved embryos reaching the morula stage or
further, the blastocyst stage or further, and the hatched blastocyst stiyelopment.
Means were separated by using the MEANS procedure of SAS when a prbtéesed
(P <0.05) was detected. Standard deviations are presented. Models included yeplicate
treatment and all two-way interactions.

Orthogonal contrasts compared droplets in the CON group with all treatments
with progesteroneR4; NOLO, NOHI, LONO, and HINO), droplets receivih®
(NOLO and LONO) compared to those receivitig(NOHI and HINO) concentrations
of progesterone, and droplets receiving progesterone during cultGrgtare-1;

LONO and HINO) compared to those receiving progesterone during culture-2
(Culture-2; NOLO and NOHI).

Procedure MIXED of SAS was used to analyze data, including: metabolism of
glucose, oxidation of pyruvate, and number of cells in each embryo. To normalize
metabolism data on a per cell basis, quantities of glucose and pyruvate medabolize
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were divided by the number of cells counted in each embryo. Means were separated by
using the least significant difference in procedure MIXED when a pratéetest P <
0.05) was detected by ANOVA. Standard errors are presented. Models included

replicate as a random variable and treatment as a fixed variable.

RESULTS AND DISCUSSION
Replicate differences

Oocytes and embryos are sensitive to temperature fluctuations (Schuenadher
Fischer, 1988; Rivera and Hansen, 2001) and pH changes (Ocon and Hansen, 2003)
and, therefore, researchers are limited in the number of oocytes that casshullcbe
handled at one time. To combat this, experiments are conducted in replicate. In
addition, when acquiring oocytes from unknown cows in an abattoir, oocyte quality is
beyond laboratory control and replicates balance the factors that could be involved suc
as breed, age, disease and nutritional status of cows, heat stress the optygeema
been exposed to, and handling of ovaries after evisceration. Because of these factor
replicates were a significant source of variation in this experimersg,casnmon when
researching with in vitro produced embryos.

Four replicates of in vitro produced embryos were included in this experiment.
Each replicate consisted of approximately 284 oocytes (range 276 to 300) and
approximately 28 droplets (range 28 to 30). Each droplet contained approxithtately
oocytes or embryos (range 8 to 11). Replicates were a significant sousreadbn on

cleavage rate and development of cleaved embryos to the morula stage orgkate
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the blastocyst stage or greater<{0.05; Table 2). Replicate tended to affect embryos
reaching the hatched blastocyst stdg& 0.10; Table 2).

The percentage of oocytes that cleaved, per replicate, ranged from 49.2 £ 11.8%
to 81.9 + 13.3%. The percentage of cleaved embryos that reached the morula stage or
greater ranged from 20.4 + 17.0% to 47.4 £ 19.5%, and that reached the blastocyst stage
or greater ranged from 18.6 + 15.4% to 29.9 + 17.1%, and that reached the hatched
blastocyst stage ranged from 4.2 £ 6.3% to 9.8 + 13.5%. Similar differences among
replicates have been recorded in our laboratory in other experiments even though
extensive attempts were made to control vaiables.

Incidence of oocyte cleavage

The percentage of oocytes that cleaved was not affected by progesterone
treatment P > 0.10; Table 3). Among treatments, 67.8 + 18.8%, 74.1 + 17.4%, 70.1 +
19.3%, 72.7 £ 19.5%, and 69.6 = 19.1% of oocytes cleaved for CON (n = 23), LONO (n
=21), HINO (n = 24), NOLO (n = 23), and NOHI (n = 23), respectively.

Cleavage rates were expected to be similar because treatments were not
administered until presumptive zygotes were moved into the culture-1 phase af in vitr
production. At this point, many oocytes were nearing, or even beginning, the first
division of mitosis.

Embryo devel opment

The percentage of cleaved embryos that developed to the morula stage or
greater, the blastocyst stage, or the hatched blastocyst stage wefeated dfy
progesterone treatmerR & 0.10; Table 3). Among treatments, 30.5 + 22.2%, 41.8 +
15.5%, 30.1 £ 22.6%, 37.0 + 24.2%, and 38.1 + 24.9% of embryos developed to the
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morula stage or greater for CON, LONO, HINO, NOLO, and NOHI, respectively
Among treatments, 26.8 + 20.5%, 33.0 £ 16.7%, 20.9 £ 17.6%, 26.6 £ 20.1%, and 25.2
+ 13.8% of embryos developed to the blastocyst stage or greater for CON, LONO,
HINO, NOLO, and NOHI, respectively. Among treatments, 7.2 + 9.0%, 8.1 + 9.4%,
4.0 £6.7%, 8.7 £ 13.5%, and 5.9 + 10.2% of embryos developed to the hatched
blastocyst stage for CON, LONO, HINO, NOLO, and NOHI, respectively.

All contrasts performed between CON versus P4, between LO versus HI
concentrations of progesterone, and between treatment of progesterone diitirezC
versus Culture-2 indicated similar development (Table 4). It is unknown whether
embryos in the early stages of development have progesterone receptors dadke sur
of the zona pellucida. The lack of receptors may indicate that progesterone daets not
directly on the embryo to affect embryonic development; rather, in in vivo sisati
the progesterone acts on endometrial tissue, which does express progesteptossrec
(McNeill et al., 2006b), to promote embryonic development (Garrett et al., 1988).
Metabolic activity

Metabolism characteristics of oocytes and embryos have been used to elucidate
development and determine viability. There is a 150-fold increase in the ind¢mpora
of glucose between immature oocytes, which do not use glucose as an energyesubstrat
to the blastocyst stage (Javed and Wright, 1991; Rieger et al., 1992; Thompson, 1996;
Khurana and Niemann, 2000). The first marked increase in glycolysis octuezhbe
the 8- and 16-cell stages when the embryonic genome is activated (TeHbrd 890).
While an increase in glucose uptake has been associated with advanced datelopme
extremely high rates of glycolysis have been associated with reducegberdbility
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in mice (Lane and Gardner, 1996). Embryos that have characteristicsdikalyge
reduced viability, such as a slow rate of development, have higher rates oygj/col
(Rieger et al., 1995). Glycolysis is a less efficient method to obtainyetineng using
the pyruvate that is present in the media, so the unusually high use of glyaolysis i
embryos with reduced viability could be the result of metabolic stress (Javed and
Wright, 1991) that accompanies in vitro production. Anaerobic fermentation, which
produces lactate, also is increased in embryos produced in vitro (Khurana and Niemann,
2000), supporting the notion that these embryos are under metabolic stress.

Pyruvate, which is the predominant energy substrate used by oocytes and
embryos in the early stages of development, also is oxidized at incressings
bovine embryos develop into blastocysts (Rieger and Guay, 1988; Leese, 1992; Donnay
and Leese, 1999; Khurana and Niemann, 2000). While there are no strict standards set
for the ideal rate of metabolism in bovine embryos, abnormally high or abnormally low
rates of metabolism of glucose and pyruvate in treated embryos compared ia those
the control group could indicate embryo incompetence.

There were no significant differences in total amounts of glucose metaboliz
per blastocyst (Table 5). Among treatments, 17.9 £ 2.4 pmols, 15.5 £ 2.2 pmols, 19.4
2.5 pmols, 20.7 £ 2.4 pmols, and 14.0 + 2.5 pmols of glucose was metabolized per
blastocyst in CON, LONO, HINO, NOLO, and NOHI treatments, respectivedhgrer
were no differences in quantities of glucose metabolized per blastocyst, per &lger (T
5). Among treatments, 6.0 £ 0.8 pmols, 5.2 + 0.7 pmols, 6.5 £ 0.8 pmols, 6.9 + 0.9, and
4.7 + 0.8 pmols of glucose was metabolized per blastocyst in each hour in CON,
LONO, HINO, NOLO, and NOHI treatments, respectively. When metabolisaweks
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normalized for number of cells in each blastocyst, significant differemess detected

(P =0.03; Table 5). Among treatments, 61.3 = 7.7 fmols, 59.7 + 6.7 fmols, 66.4 + 8.0
fmols, 84.8 £ 7.6 fmols, 52.1 + 8.3 fmols of glucose was metabolized per cell in each
blastocyst, per hour in CON, LONO, HINO, NOLO, and NOHI treatments,
respectively.

Orthogonal contrasts indicated the quantities of glucose metabolizeellger ¢
each blastocyst for LO (n = 89) versus HI (n = 67) progesterone treatments tizhde
different P = 0.085; Table 6). Embryos in the LO group metabolized 72.33 + 5.02
fmol/cell while 59.09 + 5.74 fmol/cell was metabolized in the HI group.

Total quantities of pyruvate oxidized per blastocyst were similar among
treatments (Table 5). Among treatments, 12.8 £ 4.6 pmols, 13.4 + 4.2 pmols, 22.3 + 4.6
pmols, 13.8 + 4.5 pmols, and 9.2 £ 4.7 pmols of pyruvate was oxidized per blastocyst in
CON, LONO, HINO, NOLO, and NOHI treatments, respectively. Similarly, quest
of pyruvate oxidized per blastocyst, per hour were similar (Table 5). Among
treatments, 4.3 £ 1.5 pmols, 4.5 + 1.4 pmols, 7.4 + 1.5 pmols, 4.6 £1.5,and 3.1 + 1.6
pmols of pyruvate was oxidized per blastocyst in each hour in CON, LONO, HINO,
NOLO, and NOHI treatments, respectively. There were no differences when
metabolism data was normalized for the number of cells in each blastbalyk 5).

Among treatments, 38.8 £ 16.3 fmols, 56.0 + 15.1 fmols, 79.1 £ 16.5 fmols, 56.5 + 16.0
fmols, 38.1 + 17.0 fmols of glucose was metabolized per cell in each blastocyst, per
hour in CON, LONO, HINO, NOLO, and NOHI treatments, respectively.

Orthogonal contrasts indicated the total quantities of pyruvate oxidized per
blastocyst for Culture-1 (n = 88) compared to Culture-2 (n = 77) culture with
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progesterone tended to be differedt50.089; Table 6). Embryos exposed to
progesterone in Culture-1 oxidized 18.90 £ 2.75 pmols/blastocyst whereas 11.47 + 2.91
pmols/blastocyst was oxidized in the Culture-2 group. Pyruvate oxidized per blastocys
per hour tended to be differeft € 0.089; Table 6) for Culture-1 and Culture-2 with
6.30 £ 0.92 pmols and 3.82 £ 0.97 pmols oxidized each h per blastocyst, respectively.
Pyruvate oxidized by each cell in a blastocyst per h also tended to be dififerent (
0.091) with 72.49 + 9.02 fmols in the Culture-1 group and 48.66 £ 9.76 fmols in the
Culture-2 group (Table 6). Overall, embryos exposed to progesterone during Culture-1
had increased oxidation of pyruvate as compared to embryos exposed to progesterone in
Culture-2. Even though oxidation of pyruvate was greater in the Culture-1 group, we
do not believe this is abnormally high due to metabolic stress because the quantity of
glucose metabolized in this same group of embryos was not elevated compared to the
CON or the Culture-2 groups. Embryos in the Culture-1 group may not be meeting
their energy requirements using the glycolysis pathway and are relgirggan
pyruvate as compared to embryos in Culture-2 or could indicate the beginnings of
metabolic stress and a change in glucose metabolism had not occurred yet (lhdrana
Niemann, 2000).
Number of cells per blastocyst

The number of cells per blastocysts were simPax (0.16) among treatment
groups. Among treatments (mean + SEM), 102 + 6 cells, 90 + 5 cells, 96 + 6 cells, 87
6 cells, and 83 + 7 cells in the CON, LONO, HINO, NOLO, and NOHI treatments,
respectively. Orthogonal contrasts indicated a difference in the numbdisqiere
blastocyst when comparing the CON group with P4 (P = 0.039). Blastocysts in the
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CON group had 101.8 + 5.55 cells per blastocyst and in the P4 group there were 89.2 +
2.74 cells per blastocyst (mean = SEM). These results may indicate that trenaufdit
progesterone in the culture of in vitro produced embryos decreases development at a
slow pace; a pace that is not sufficient to indicate differences at d fepdstation,

when using the other measurements employed in this study.

In conclusion, treatment of in vitro produced bovine embryos with either 1
ng/mL or 100 ng/mL of progesterone during culture-1 or culture-2 did not impact the
cleavage of presumptive zygotes nor the development of embryos to either the morula,
the blastocyst, or the hatched blastocyst stages of development. The adroimistrati
ng/mL of progesterone during culture-2 increased the quantity of glucose nestdbol
by embryos per cell. Furthermore, embryos exposed to 1 ng/mL progesterone
metabolized greater quantities of glucose per cell than embryos exposed todDO ng/
Concentration of progesterone did not impact pyruvate oxidation. Embryos exposed to
progesterone during culture-1 oxidized greater quantities of pyruvatetiayos
exposed to progesterone in culture-2. Treatment with progesterone at either
concentration and at either interval decreased the numbers of cells in etotybkta
These results indicate that administration of progesterone at 1 ng/mL or 100 ng/m
during the culture of in vitro produced embryos may have slight affects on embryo
characteristics; however, there appears to be no advantage of supplementing
progesterone to in vitro produced embryos to enhance cleavage rates, development to

blastocysts, and metabolic characteristics.
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Table 1. Composition of synthetic oviductal fluid (SOF) medium used to fertilize

oocytes, wash spermatozoa and culture bovine zygotes and embryostin vitro

Reagent (mmol/L) Fertilization Sperm Wash Culture-1 Culture-2
Sodium pyruvate 0.33 1.0 0.33 0.33
Alanine/Glutamine - - 1.0 1.0
Glucose - - 1.5 3.0
Sodium lactate - 18.3 - -
HEPES - 12.5 - -
Bovine serum

) 6 mg/mL 3 mg/mL 8 mg/mL 8 mg/mL
albumirf
EDTA - - 0.1 -
Taurine - - 0.1 -
NEAA® 2x - 1x 1x
EAA’ - - 1% 2x
Vitamins - - - 1x
PSA - 10puL/mL - -

! Supplements added to a base SOF medium consisting of 99.70 mmol/L NaCl, 7.16
mmol/L KCI, 1.19 mmol/L KHPQ,, 0.49 MgC}-6H,0, 3.30 mmol/L lactic acid (L)
free acid (MP Biomedicals, LLC), 25.07 mmol/L NaH§ Q.71 CaGl-2H,0.

2Bovine serum albumin used in fertilization was Fatty Acid Free (Sigma A75X1), us
in sperm wash was Fraction V (Sigma A3311), and used in culture-1 and culture-2 was
crystallized (Cat. No. 810012; MP Biomedicals, LLC).

¥ Non-essential amino acids (MP Biomedicals, LLC).
“ Essential amino acids (MP Biomedicals, LLC).
® Penicillin/streptomycin/amphotericin (PSA; Invitrogen Corp., Grand Island, NY
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Table 2. Percentage of oocytes that were fertilized and cleaved andipgeceincleaved embryos that developed to
morula or greater, blastocysts or greater, or hatched blastocysigliogte.

Percentage of cleaved embryos that developed to

Replicate No. droplets Percentage cleaved{no.) > Morula > Blastocyst Hatched blastocyst

----------------------------------- Mean + sd ---------—------mememe oo
1 28 78.1° + 14.3 (132) 479+ 195 29.9+17.1 45°+8.9
2 28 81.9+ 13.3 (94) 339+16.7 285+14.7 8.4+8.6
3 30 49.2+11.8 (118) 393+ 260 28.8+22.3 9.8+ 135
4 28 74.7 £ 14.3 (57) 204+17.0 18.86+154 45+6.3

'ho. = Number of oocytes that cleaved.
a°\ithin a column, means without a common superscript letter dPfer(.05).
df\Wwithin a column, means without a common superscript letter d¥fer.10).
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Table 3. Percentage of oocytes that were fertilized and cleaved ardtpgecof cleaved embryos that developed
to morula or greater, blastocysts or greater, or hatched blastocysts imgtreat

Percentage of cleaved embryos that developed to

Treatment No. droplet  Percentage cleaved tno.) > Morula > Blastocyst ~ Hatched blastocyst
e Mean + sd -----—-------mmommee e

CON? 23 67.8 + 18.8 (156) 30.5+22.2 26.8 +20.5 7.2+9.0

LONO? 21 74.1 £17.4 (156) 41.8 +15.5 33.0+16.7 8.1+94

HINO* 24 70.1 +19.3 (168) 30.1+22.6 209 +17.6 40+6.7

NOLO® 23 72.7 £19.5 (167) 37.0+24.2 26.6 +20.1 8.7+13.5

NOHI® 23 69.6 £ 19.1 (157) 38.1+24.9 25.2+13.8 5.9+10.2

' no. = Number of oocytes that cleaved.

? Included droplets exposed to no progesterone (CON).

% Included droplets exposed to 1 ng/mL progesterone (LO) during culture-1 and ndgrmgeduring culture-2.
* Included droplets exposed to 100 ng/mL progesterone (HI) during culture-1 and no poogesiteing culture-2.
® Included droplets exposed to no progesterone during culture-1 and 1 ng/mL proge&t@jaheing culture-2.

® Included droplets exposed to no progesterone during culture-1 and 100 ng/mL progésii¢mmeng culture-2.
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Table 4. Orthogonal contrasts of percentage of oocytes that wereddrtind cleaved and percentage of cleaved embryos that
developed to morula or greater, blastocysts or greater, or hatched blastpdgesasnbent factor.

Percentage of cleaved embryos that developed to

Factor No. droplet  Percentage cleaved > Morula > Blastocyst Hatched blastocyst
-------------------------------- Mean + sd ------------—---mmoeme oo

CON vs. P&

CON 23 67.8 +18.8 30.5+22.2 26.8 £ 20.5 7.2+9.0

P4 91 71.3+18.7 36.5+22.3 26.2+17.6 9.6 +10.1

HIP4 vs. LOP4

HIP4 47 69.9 + 19.0 34.0+23.8 23.0+15.8 50+85

LOP4 44 72.9+18.3 39.3+20.4 29.7 £ 18.6 8.4+11.6

Culture-1 vs. Culture2

Culture-1 45 72.0+18.3 35.5+20.3 26.6 £ 18.1 59+8.2

Culture-2 46 70.7 £19.1 375243 259+17.1 7.3+11.9

1 CON included droplets exposed to no progesterone treatment (CON) compared to P4 el mtdroplets that received
progesterone (1 ng/mL or 100 ng/mL; NOLO, NOHI, LONO, and HINO)

“HIP4 included droplets exposed to high concentrations of progesterone (100 ng/miLaiNCHINO) compared to LOP4 which
included droplets that were exposed to low concentrations of progesterone (1 Ngh;and LONO) .

3 Culture-1 were droplets that received progesterone (1 ng/mL or 100 ng/nmg dulture-1 compared to culture-2 where droplets
received progesterone (1 ng/mL or 100 ng/mL) during culture-2.
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Table 5. Embryo metabolism of glucose and pyruvate after in vitro culturediynnts.

Glycolysis/ Pyruvate Pyruvate Pyruvate
Treatment No. Glycolysis/embryo Glycolysis/cell oxidatior /  oxidatior?/ e
h/embryo oxidatiorf/cell
embryo h/embryo
-------------------------------------------------- Mean £ SEM ------mmmm o

CON’ 38 17.89 +2.42 5.96 + 0.81 61%307.68 12.78+4.57 4.26+1.52 38.82 +£+16.30
LONO?® 50 15.45 +2.15 5.15+0.72 59%676.72 13.40+4.17 4.47+1.39 55.98 + 15.09
HINO® 35 19.37 + 2.47 6.46 + 0.82 66%397.96 22.28+4.62 7.43+1.54 79.14 £ 16.51
NOLO* 39 20.65 + 2.35 6.88 +0.78 84°887.55 13.82+4.45 4.61+1.48 56.49 +£ 15.99
NOHI* 32 13.99 + 2.49 4.67 +£0.78 52%068.32 9.23+4.66 3.08+1.55 38.11 +16.98

115-®H]Glucose metabolized in pmols/embryo in 3 h.

2[5-*H]Glucose metabolized in pmols/embryo in 1 h.

3[5-*H]Glucose metabolized in fmols/cell in 1 h.

*[2-1C]Pyruvate oxidized in pmols/embryo in 3 h.

>[2-*C]Pyruvate oxidized in pmols/embryo in 1 h.

®[2-1C]Pyruvate oxidized in fmols/cell in 1 h.

" Included droplets exposed to no progesterone (CON).

8 Included droplets exposed to 1 ng/mL progesterone (LO) during culture-1 and ndgrmgeduring culture-2.
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% Included droplets exposed to 100 ng/mL progesterone (HI) during culture-1 and no poogesteing culture-2.
19 |ncluded droplets exposed to no progesterone during culture-1 and 1 ng/mL progestejaheitigulture-2.
1 Included droplets exposed to no progesterone during culture-1 and 100 ng/mL progestérimendtulture-2.
aP\Within a column, means without a common superscript letter diferQ.05).
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Table 6. Orthogonal contrasts of embryo metabolism of glucose and pyruvate eiti® culture by treatment factors.

Pyruvate Pyruvate

. Glycolysig . S Yoy Pyruvate
Factor No. Glycolysi$embryo J hiembryo Glycolysis/cell  oxidatiort / oxidatiorr/ oxidatior/cell
embryo h/embryo
------------------------------------------------ Mean £ SEM ---------mmmmmmmmmme oo ~-
CON vs. P4
CON 39 17.56 + 2.30 5.85+0.77 61.07 £ 7.65 13.28 + 3.83 443 +1.28 43,51 +12.30
P4 165 17.28 +1.12 5.76 £ 0.37 65.91 + 3.77 15.13+1.86 5.04 £ 0.62 60.86 = 6.07
HIP4 vs. LOPZ
HIP4 73 16.59 + 1.67 5.53 + 0.56 59.09 + 5.74 16.38 + 2.98 5.46+0.99 63.01+10.00
LOP4 92 18.06 + 1.50 6.02 + 0.50 72.33 +5.02 13.99 + 2.67 4.66 +0.89 58.15+8.74
Culture-1 vs.
Culture-2:
Culture-1 88 17.45 + 1.54 5.82+0.5563.12 +5.17 18.90¢ 2.75 6.30+£0.92 72.49 +9.02
Culture-2 77 17.20 +1.63 5.73 +0.5568.31 +5.60 11.472.91 3.82+0.97 48.66 +9.76

115-*H]Glucose metabolized in pmols/embryo in 3 h.

2[5-°H]Glucose metabolized in pmols/embryo in 1 h.
3

3[5-*H]Glucose metabolized in fmols/cell in 1 h.

*[2-*C]Pyruvate oxidized in pmols/embryo in 3 h.

®[2-1C]Pyruvate oxidized in pmols/embryo in 1 h.

®[2-1C]Pyruvate oxidized in fmols/cell in 1 h.

"CON included droplets exposed to no progesterone treatment (CON) compared to PAchiniell iall droplets that received
progesterone (1 ng/mL or 100 ng/mL; NOLO, NOHI, LONO, and HINO)
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8HIP4 included droplets exposed to high concentrations of progesterone (100 ng/miLatDHINO) compared to LOP4 which
included droplets that were exposed to low concentrations of progesterone (1 N@Qh@;and LONO) .

®Culture-1 were droplets that received progesterone (1 ng/mL or 100 ng/nitg dulture-1 compared to culture-2 where droplets
received progesterone (1 ng/mL or 100 ng/mL) during culture-2.

T Indicates treatment factor tended to affect meBns@.10).
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