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CHAPTER I 

INTRODUCTION 

The cattle embryo transfer industry has grown 

rapidly since the advent of nonsurgicial methods of 

flushing donors and transferring embryos to recipients in 

the early 1970's. Superovulation, which increases the 

number of embryos that can be recovered, has made the 

process commercially feasible. This practice is often 

accomplished by injections of follicle stimulating 

hormone(FSH) or pregnant mare serum gonadotropins(PMSG) 

(Curtis, 1991). However, the response to superovulation 

is extremely variable both within and between cows. A 

treatment which could consistently increase the number of 

transferable embryos, would be a significant benefit to 

the embryo transfer industry and to the genetic 

improvement of cattle. As in the male, where artificial 

insemination increases the number of progeny from 

genetically superior animals, superovulation and embryo 

transfer could be used to increase the number of 

offspring from superior females leading to faster genetic 

improvement. The success rate of transfer in cattle is 

much higher than in any other species (Curtis, 1991). 



Various methods have been tried to improve the 

superovulatory response, but none have found commercial 

acceptance. However, a more complete understanding of 

follicular dynamics would prove to be an aid in 

increasing the success rate of both quality and quantity 

of superovulation and embryo transfer in the cows. 

Recent research with pigs indicates that injections of 

large amounts of vitamin A can increase litter size in 

polytocous species. Such treatment could conceivably 

increase the number of viable embryos recovered from 

superovulated cows. 

Treatment with vitamin A is thought to increase 

litter size in pigs through decreased embryo mortality, 

but the mechanisms are unknown. However, many studies 

have shown that embryo mortality is an important factor 

limiting reproductive efficiency in cattle. The use of 

superovulation and follicular manipulation is part of the 

higher embryo transfer success rate because high quality 

transferable embryos are more likely to be recovered when 

vitamin A injections have been administered. This 

finding in pigs suggests that the success rate of embryo 

transfer in cattle could be improved if vitamin A 

injections were used along with superovulation. 



Other factors which have been reported to influence 

the rate of embryonic mortality are concentrations of 

estradiol and progesterone. Lower concentrations of 

estradiol and elevated concentrations of progesterone 

have been suggested as enhancing fertility and decreasing 

embryonic mortality. However to date, there have been no 

studies concerning estradiol and progesterone and the 

pregnancy rates of donor or recipient cows. 

Identification of factors governing fertility in cows 

such as pregnancy rates in recipients, would lead to 

improvements of techniques and higher success rates. As 

stated above, this could result in greater genetic 

progress in cattle production. 



CHAPTER II 

LITERATURE REVIEW 

Embryo Mortality in Cows 

Embryonic mortality accounts for the major portion 

of reproductive failure in all domestic animals. Early 

and late embryonic mortality directly reduce reproductive 

efficiency in the cow causing substantial losses in 

animal production (Beghelli et al., 1986). Embryonic 

mortality has been reported to be the end result of as 

many as 35% of matings in cattle (Pritchard et al., 

1994) . Pritchard et al. (1994) also reported that most 

embryonic losses in beef cattle occurred before 20 d of 

gestation. When we talk about embryo mortality, we are 

not just talking about whether or not a cow eventually 

has a live calf, but if she can maintain pregnancy from 

the onset of insemination by a bull all the way through 

calving. 

Reproductive failure is one of the major factors 

affecting output in beef and dairy herds (Diskin and 

Sreenan, 1980). Hendricks et al. (1971) found a 

fertilization rate of 89%, but the proportion of embryos 

surviving at day 42 after insemination was only 60%. 



Calving rates linked to a single insemination are 

reported to be 50-55% for dairy heifers, 52-57% for dairy 

cows and 53% for beef cows (Diskin and Sreenan, 1980) . 

If embryo mortality could be reduced, calving rates and 

reproduction efficiency would increase. While a number 

of reports have shown the existence and extent of 

embryonic mortality, there have been very few of them 

that indicated when loss occurs. Ayalon (1972) suggested 

that most losses occur before Day 15 after breeding. For 

repeat breeders, Ayalon (1973) has suggested day 7 as the 

critical day on which embryonic death occurs. Further, 

it has been suggested (Bishop, 1964) that such losses are 

unavoidable and represent nature's way of eliminating 

unfit genotypes at an early stage. 

Diskin and Sreenan (1986) suggested that in cattle 

up to 40% of fertilized ova may die. Since most of these 

losses occur in the early days (Day 8-18) the normal 

luteolytic events are not affected and estrus and 

ovulation will recur within 18-25 days. Just because 

these cows can be rebreed and eventually become pregnant, 

does not mean that a substantial loss in production has 

not occurred. 



In 1993, sale of cattle and calves accounted for 

around 40 billion dollars, the largest segment of U.S. 

agriculture. Costs of production per calf from cows with 

calving intervals exceeding 12 months ranged from $19 to 

$133 more than for calves from cows with 12 month 

intervals (Herd et al., 1986). Embryo mortality extends 

the calving interval for cows and leads to significant 

monetary losses for cattle producers. 

The factors causing embryonic mortality are not as 

yet, clearly defined (Diskin and Sreenan., 1986). 

However there are many variables that have been proposed 

to affect the embryo mortality rate in cattle: 

environmental stress, nutrition, and genetics are some 

that will be discussed. Embryonic mortality in the early 

stages of development may be caused by many factors and 

environmental stress is one factor that a majority of the 

ranchers ignore. There is good circumstantial evidence 

that heat stress under tropical or subtropical conditions 

can have an adverse influence on female fertility 

(Thatcher, 1974). The means whereby heat stress could 

exert such influence is not yet clear. However, work 

done by Putney et al. (198 8) showed that prostaglandin F2 

alpha secretion rates from endometrium of pregnant cows 



subjected to heat stress in vitro increased in 

responsiveness to oxytocin. Putney et al. (1988) 

suggested the possibility that elevated prostaglandin F2 

alpha secretions in heat stressed cows occurred which may 

have not been able to be sufficiently counteracted by the 

conceptus, leading to the regression of the corpus luteum 

and, subsequently, embryonic death. Nonetheless, there 

is a strong suggestion that it is the bovine embryo that 

is sensitive to maternal heat stress during the first 7 

days after estrus (Zavy and Geisert, 1994). It was found 

that animals in an attempt to secure cooling under 

conditions of heat stress, blood was found to be diverted 

to the skin and away from deep body tissues, such as the 

reproductive tract (Thatcher and Collier, 1986). This 

action would lead to a rise in the uterine temperature 

and could then hinder the availability of hormones, 

nutrients, and electrolytes to the uterus. A vivid 

example of this effect was reported by Putney et al. 

(1989). In that study, embryos from superovulated 

heifers exposed to a 10 hour period of hyperthermia from 

immediately after the onset of estrus and before 

insemination exhibited sever developmental retardation 

and increased death rates when evaluated on day 7. A 



similar influence on the oviduct could inhibit normal 

fertilization (Zavy and Geisert, 1994). 

Diverse experiments have demonstrated that raising 

ambient temperature during the earliest cleavage stages 

of the embryo can inhibit or compromise normal 

development (Ulberg and Burfening, 1967). These 

researchers concluded that maternal heat stress does not 

compromise sperm-egg interaction in the development of 

the embryo, but in the normal growth and development of 

that embryo. However this does conflict with what Zavy 

and Geisert (1994) proposed in regard to the oviduct. 

Photoperiod, temperature and nutrition are three 

well-studied environmental cues that influence 

reproduction in mammals. From a practical standpoint, 

nutrition commands the greatest attention because 

livestock producers can easily alter the nutrition of 

domestic livestock, whereas alteration of photoperiod or 

temperature can only be accomplished in intensive 

management situations (Dunn and Moss, 1992). It is 

widely accepted that in addition to endocrine factors, 

nutrition also affects the reproductive performance in 

cattle (Schweigert and Zucker, 1988). Without the proper 

plane of nutrition, embryonic mortality can be increased. 
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The amount and type of winter supplementation required 

for satisfactory performance is greatly influenced by 

the initial body reserves, both protein and fat, of 

cattle at the beginning of the wintering period (Herd et 

al., 1986). 

Previous studies have suggested that the lower 

pregnancy rates seen in undernourished cows may be a 

result of an abnormal hormonal environment, particularly 

in regard to the level of progesterone. Zavy and 

colleagues found that cows with a negative energy balance 

tend to have lower progesterone levels. As will be 

discussed later, levels of progesterone can influence 

embryo development. 

Most studies have found that pregnancy rate 

decreased when the level of crude protein was elevated in 

the ration above that of NRC requirements (Blanchard et 

al., 1990). A possible explanation for the inconsistency 

in these reports is that most of the studies failed to 

take into consideration protein degradation by the rumen. 

A recent case study by Ferguson et al. (1988) reported 

that fertility problems in a dairy herd were traced back 

to cows having higher than normal intakes of rumen 

degradable protein (RDP) and were markedly improved when 



the ration was reformulated to meet optimal amounts of 

rumen degradable protein. Work conducted by Elrod and 

Butler (1993) demonstrated that there was a reduction in 

fertility which was coincident with an alteration in 

uterine pH in heifers fed excess ruminally degradable 

protein (RDP). In this study, heifers were fed a ration 

which exceeded RDP requirements or a control ration which 

met RDP requirements. Results showed that in those 

heifers which received the high RDP ration, the first 

service conception rate was 61% compared to 82% in those 

heifers which received the control RDP ration. 

Nutrition, of course, affects many aspects of 

reproduction besides embryo mortality, but these are 

beyond the scope of this review. 

Along with the environmental stress and nutrition, 

genetics may also play a large role in embryonic 

mortality. Chromosomal abnormalities are known to be a 

source of embryonic mortality in cattle. It is likely 

that most of the embryonic deaths due to chromosomal 

abnormalities occur in early gestation since the 

abnormalities are less frequently observed in older 

embryos (Zavy and Geisert, 1994). The frequency of 

chromosomal abnormalities in embryos resulting from 
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superovulation appears to be elevated (King, 1985) and 

warrants attention relative to the embryo transfer 

industry. A genetic disorder which has been implicated 

in early embryonic mortality in cattle is a deficiency of 

uridine 5'- monophosphate (DUMPS) synthesase. The DUMPS 

enzyme is responsible for the de novo synthesis of 

pyrimidine nucleotides, key building blocks of DNA and 

RNA molecules. The DUMPS disorder is inherited as an 

autosomal recessive among dairy cattle (Shanks et al., 

1984). Homozygous recessive animals would be expected to 

have even lower levels of the DUMPS enzyme than is found 

in heterozygous animals; however, live homozygous 

recessive animals have not been documented since they are 

believed to die in utero (Shanks et al., 1989). These 

studies demonstrated that embryos which were homozygous 

for this condition could be conceived but died during 

gestation. There has been no documentation of breed 

differences for embryo mortality. 

As for embryonic mortality, Northy et al. (1980) 

suggested that it is particularly difficult to state the 

rate and exact time when embryonic mortality occurs, 

because embryonic losses happening about Day 16 of the 

cycle do not alter either the normal length of the estrus 
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cycle or the progesterone concentration in the milk 

plasma at Days 21-23. Although embryonic mortality is 

not easily recognized, progesterone assays and other 

hormone measurements help in determining when death does 

occur. This leads me into the next area of hormonal 

differences and ratios. 

Hormonal Differences 

It has long been known that progesterone secreted by 

the corpus luteum (CL) is essential for the maintenance 

of pregnancy (Wiltbank et al., 1955; Shemesh et al., 

1968; Corah et al., 1974; Bulman and Lamming, 1978; 

Hasler et al., 1980; Wilmut et al., 1986; Meisterling et 

al., 1987; Robinson et al., 1989; Spicer et al., 1992; 

Kleemann et al., 1994; Pritchard et al., 1994). It has 

recently been shown that progesterone may play two roles. 

It is well established that a minimal level of 

progesterone is needed for pregnancy to occur. Wiltbank 

et al. (1955) found that pregnancy will not occur if a 

certain minimal level of progesterone is not present from 

estrus to the luteal phase. Secondly, the progesterone 

profile was measured and a comparison was made between 

the profile when all of the embryos survived and that 
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when some or all the embryos expired. No significant 

association was reported between any of the four timing 

components of the progesterone profiles and the 

probability of an embryo surviving (Wiltbank et al., 

1955). Progesterone treatment is known to accelerate the 

movement of embryos from the oviduct into the uterus 

(Kleemann et al., 1994). As well it has been suggested 

that exposure to exogenous progesterone early in the 

estrous cycle advances uterine secretory development 

(Garrett et al., 1988). 

Progesterone could influence embryo mortality at 

different times. The progesterone levels prior to 

ovulation could influence oocyte development and 

subsequent fertility. Fertility was positively 

correlated with concentrations of progesterone between 4 

and 7 d prior to estrus in some studies, but not in 

others (Pritchard et al., 1994). It is thought that 

improved fertility was due to the higher concentration of 

progesterone. However, other researchers have seen no 

differences in progesterone until maternal pregnancy 

recognition. A related study by Hendricks et al. (1971) 

presented data suggesting that progesterone levels one 

day before estrus were inversely related to the degree of 
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ovum cleavage observed 3 days after estrus. Bulman et 

al. (1978) showed no difference during this interval 

between pregnant and non-pregnant cows in milk 

progesterone concentrations. Hasler et al. (1980) 

suggested that a progesterone level of 2ng/ml serum was 

suitable for differentiating between pregnant and non

pregnant cows. However, others have suggested that 

higher progesterone concentrations were seen in the 

animals which were pregnant. Shemesh et al. (1968) found 

that plasma progesterone concentrations (̂ ig/100 ml ± s.E.) 

during days 10 to 18 after ovulation were similar in 

cycling cows (0-43 ± 0-035) and in inseminated cows, 

whether the latter were pregnant (0-48 ± 0-043) or non

pregnant (0-44 ± 0-068) . However, in this same study by 

Shemesh et al. (1968), they found a striking difference 

between pregnant and non-pregnant cows was evident on the 

19̂ ^ day after ovulation Only two of the twelve non

pregnant cows had detectable blood levels of 

progesterone, and these were very low (0-16 to 0-22) . In 

contrast, eight cows with normal pregnancies all had 

plasma progesterone levels above 0-34 on day 19 (mean 0-47 

± 0-03) . This would suggest maternal recognition of 
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pregnancy occurred before day 19. The data are supported 

by data from ewes, where differences in embryo survival 

were associated with variations in the progesterone 

profiles (Wilmut et al., 1986). Wilmut et al. (1986) 

also showed that embryo survival was lower in ewes with 

lower levels of progesterone immediately after estrus. 

These types of studies have created new 

opportunities for treatment, for cattle with progesterone 

to increase embryo survival. It has been thought that 

embryo survival is lower with lower progesterone 

concentrations. As shown, it is unclear right whether 

elevated progesterone is associated with higher pregnancy 

rates. It is clear that progesterone is needed to 

maintain pregnancy. Yet, it is uncertain if an increase 

in progesterone above the level needed to maintain 

pregnancy can improve fertility. 

Exogenous progesterone has been used in an attempt 

to improve reproductive performance. Pregnancy rate is 

thought to increase with progesterone therapy. Sreenan 

et al. (1983) suggested that treatment with exogenous 

progesterone during the luteal phase has resulted in 

increased embryo survival in cattle. Robinson et al. 

(1989) demonstrated that supplemental progesterone 
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increased pregnancy rate but suppressed endogenous 

production of progesterone when administered during d 10 

to 17 after insemination. The data suggests prolonged 

elevation of progesterone concentration ensures a 

quiescent uterus during this stage of embryo development. 

Insufficient circulating progesterone is often 

suggested as a cause of early embryonic mortality 

(Robinson et al., 1989) either as a result of decreased 

luteal function or of the regression of the corpus luteum 

(Wiltbank et al., 1955). Fetal growth was shown to be 

enhanced when ewes were supplemented with progesterone 

during the first 3 days of pregnancy (Kleemann et al., 

1994). Dawson (1954) concluded that progesterone therapy 

in cows which had not settled after repeated breedings 

was beneficial. It has been postulated that if 

progesterone inhibits the uterine immune system, then one 

possible explanation for the difference shown between 

repeat breeder cows and first service animals would be a 

deficiency of progesterone in the repeat breeder animal 

(Wiltbank et al., 1955). Progesterone supplementation 

has been utilized in a variety of forms to decrease early 

embryonic mortality in animals suspected of having a 

luteal insufficiency. 
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Recently, results were obtained using a different 

delivery system for progesterone by Robinson et 

al.(1989). In this study, lactating cows were treated 

with PRID (progesterone releasing internal device) 

devices for 7 days, starting on day 5 or 10 

postinsemination. Control cows had a 30% conception rate 

compared to a 60% conception rate for cows that received 

the PRID devices. Macmillan et al. (1991) found similar 

results using CIDR (controlled internal drug release) 

system. 

Another means of maintaining luteal function is by 

the administration of hCG (human chorionic gonadotropin) 

during the early or midluteal phase or near the time of 

expected luteolysis in an effort to augment the action of 

a weak conceptus-derived luteotrophic or antiluteolytic 

signal (Zavy and Geisert, 1994). In many of these 

studies, the formation of accessory corpora lutea was 

common. Diskin and Sreenan (1986) reviewed six studies 

conducted between 1961 and 1983 in which hCG was 

administered and concluded that there was a small, 

insignificant increase in pregnancy rates. 

More recently, Macmillan and Thatcher (1989) 

experimented with using a synthetic GnRH (gonadotropin 
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releasing hormone) analog to alter ovarian follicular 

dynamics and CL lifespan. Results from their work 

demonstrated that injections of the GnRH agonist started 

on day 12 of the estrous cycle and continued at 3 day 

intervals until day 48 prolonged CL lifespan. The 

original CL was maintained throughout the experiment in 5 

of 6 cows, and 4 of 6 cows developed an accessory CL. 

This group also used GnRH treatment in recipient cows 

with the idea of creating a '̂universal recipient." The 

results indicated that the treatment of recipients with 

the GnRH agonist allowed more asynchronous transfers to 

be successful, especially when blastocyst stage embryos 

were transferred. 

In addition to progesterone, estradiol may also 

affect pregnancy rates. The hypothesis is that there may 

be an inverse relationship between progesterone and 

estradiol concentrations. The passive immunization of 

estradiol has been thought to have an effect on the 

occurrence and timing of estrus, ovulation and 

fertilization (Roberts et al., 1991). Where passive 

immunization against estradiol is obtained, it has proven 

to increase ovulation (Corah et al., 1974). However, 

others believe the initial postpartum rises in estradiol 
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and progesterone occurred at intervals similar to those 

reported for the occurrence of ovulation as detected by 

rectal palpation of the ovaries (Meisterling and Dailey, 

1987) . Elevated concentrations of estrogen and ratios of 

estradiol to progesterone have been associated with loss 

of pregnancy. Induced atresia of large follicles via 

treatment of cows with a gonadotropin releasing hormone 

(GnRH) agonist in d 11, 12 and 13 reduced concentrations 

of estradiol and increased the pregnancy rate over that 

of the controls, possibly by increasing the progesterone 

levels (Pritchard et al., 1994). As well, Thatcher et 

al. (1989) found that an elevated secretion of estradiol 

by the ovarian follicles during maternal recognition of 

pregnancy can be detrimental to the maintenance of 

pregnancy. Erb et al. (1976) proposed that brief 

elevations in concentrations of estradiol during early 

luteal phase may yield an inappropriate uterine 

environment for embryonic development. While the 

mechanism by which estradiol reduces pregnancy rate is 

unclear, exogenous estradiol has been shown to reduce the 

progestin content of corpora lutea collected from heifers 

on day 18, and to inhibit the synthesis of progesterone 

by the luteal cells in vitro when added to culture media 
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(Akbar et al., 1972). These findings support the concept 

that secretion of estradiol by ovarian follicles during 

maternal recognition of pregnancy can be detrimental to 

maintenance of the pregnancy. However, several recent 

studies indicate that pregnancy rates are not affected by 

serum concentrations of estradiol during most of the 

luteal phases after mating in a population of normally 

cycling cows. Pritchard et al. (1994) reported that the 

range of concentrations of estradiol during the luteal 

phase before breeding was not associated with pregnancy 

rates. 

Clearly, many differences in opinion exist between 

researchers as to the effects of estradiol, progesterone 

and their relative concentrations on fertility of the 

cow. Conclusive research is needed on this topic. 

Superovulation and Embryo Transfer 

Superovulation in cattle is in most cases directly 

used to aid embryo transfer. Treatments with PMSG 

combined with anti-PMSG or pituitary FSH are commonly 

used for superovulation (Driancourt, 1991). Exogenous 

gonadotropins act by recruiting smaller follicles, 

protecting the recruited follicles from atresia, but not 
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by rescuing atretic follicles (Baird, 1983). It has not 

been proven that accurate control of ovulation rate is 

possible. The use of superovulation has helped the 

cattle industry as well as other livestock industries, by 

allowing the producer to increase production of more 

genetically superior animals. With superovulation, one 

cow may be able to produce many oocytes that may be 

inseminated by the one bull, thereby allowing embryos 

with superior genetics to be transferred to cows that are 

not genetically superior. This process will improve the 

selection process for better performing animals. 

In cattle there is usually only one large dominant 

follicle in the late follicular phase of the cycle which 

contains a full complement of healthy granulosa cells 

(Baird, 1983). For most superovulation programs, 

superovulation treatment consists of twice daily 

intramuscular injections of descending doses of follicle-

stimulating hormone(FSH) for 4 days, with an initial dose 

of 4 to 8 mg and a total dose of 26 to 50 mg (Hasler et 

al. 1987). Hasler et al. (1987) also injected animals 

with 50 mg of prostaglandin F2 alpha on day 4 of FSH 

treatment, to induce luteolysis. 
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Superovulatory response was highly breed-specific 

and was influenced both in the clinic setting and on the 

farm by age of donor, dosage of FSH and their 

interactions (Breuel et al., 1991). Until recently, 

gonadotropins were thought to be the only factors 

controlling ovarian function. While it is still agreed 

that they play an important role, there is ample evidence 

that their action is strongly modulated at the ovarian 

level, by growth factors, ovarian proteins, conceptus 

proteins or immunodulatory compounds (Driancourt, 1991). 

There has been a sustained growth of the bovine 

embryo transfer industry in North America, with an 

estimated 140,000 transfers in 1983 and probably well 

over 200,000 annually by 1987 (Hasler et al., 1987). It 

has been estimated that 382,500 embryo transfer calves 

were born in the United States from the beginning of 

commercial application of the procedure (1973) until the 

end of 1988 (Breuel et al., 1991). Baker (1989) further 

reported that 1 of 19 registered beef and 1 of 21 

registered dairy calves was the result of embryo 

transfer. Attempts to improve embryo transfer procedures 

have included studies involving embryo-recipient 

interactions. Embryo transfer studies have emphasized the 
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need for close synchrony (+ 24h) between the conceptus 

and recipient (Betteridge et al. 1980). It is essential 

to have close synchrony as the maternal reproductive 

system and the conceptus form a complex communication 

network involving secretions from the conceptus as well 

as from the uterine endometrium. 

Secretions such as these mentioned above, stimulate 

and mediate changes throughout the early pregnancy period 

and have been implicated in maintaining pregnancy and 

facilitating conceptus growth and development (Garrett et 

al., 1988). Yet little is known about factors which 

affect the pregnancy rate after embryo transfer. The 

number of animals involved and the financial investment 

in embryo transfer programs each year make it essential 

that factors affecting reproductive efficiency in donor 

and recipient cows be identified and managed to maximize 

the number of calves born (Breuel et al., 1991). 

Vitamin A 

Following the report of Evans and Bishop in 1922, 

that vitamin A was an indispensable factor for 

reproduction, numerous experiments have been conducted on 

the effects of vitamin A deficiency on reproduction in 
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experimental animals (Takahashi et al., 1975). Vitamin A 

plays an important role in mammalian reproduction 

(Akordor et al., 1986). In the male rat, where most of 

the vitamin A testing has occurred, vitamin A 

deficiency (VAD) results in a degeneration of the 

testicles and loss of germinal cells, with only a few 

spermatogonia and preleptotene spermatocytes remaining in 

the tubules (Ismail et al., 1990). The importance of 

Vitamin A to reproduction has been established and it is 

commonly added as a supplement to many dairy rations 

(Wang et al., 1982). It has been suggested that B-

carotene, a natural precursor of vitamin A, may have a 

unique role in reproduction that is independent of its 

own function as a precursor to vitamin A (Coffey and 

Britt, 1993). The function of B-carotene has an 

independent function in bovine reproduction that is 

independent of vitamin A (Akordor et al., 1986). Not 

only is vitamin A needed for reproduction, but it also 

serves as a function in epithelial cell integrity, 

vision, skeletal development and many other functions. 

The corpus luteum was suggested as a possible site 

of independent action of B-carotene since the bovine 

corpus luteum contains a high concentration of B-carotene 
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(Graves-Hoagland et al., 1988). Lotthammer (1979) 

reported that corpora lutea (CL) of heifers developed 

more slowly and were smaller, and cows had lower serum 

progesterone (P4) when dietary B-carotene was deficient. 

Several investigators have failed to demonstrate a 

positive effect of B-carotene, yet other investigators 

have confirmed a benefit of B-carotene on fertility in 

cattle, on progesterone production stimulated by human-

chorionic gonadotropins and on postpartum involution. 

Whereas the roles of gonadotropins and steroids in 

follicular development have been thoroughly investigated, 

very little information is available regarding the 

concentrations of microingredients; such as, minerals and 

vitamins in follicular fluid, and there is little 

information concerning their relationship to follicular 

quality (Schweigert and Zucker, 1988). Vitamins in the 

follicular fluid might also be of some importance as 

stimulatory factors for the recruitment and selection of 

the dominant follicle. Schweigert et al. (1986) reported 

that intrafollicular vitamin A concentrations are a 

function of the size of the follicles, with the highest 

concentrations in the larger follicles, and the high 
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concentrations of vitamin A being limited to one of the 

larger follicles of one pair of ovaries. 

While the importance of vitamin A in reproductive 

performance is axiomatic, the specific physiological 

function of B-carotene in bovine reproduction is still 

under investigation (Lotthammer, 1979; Schweigert and 

Zucker 1988). The concentrations of vitamin A in 

follicular fluid were a function of follicular quality, 

with the highest concentrations occurring in the non-

atretic follicle and the lowest in the greatly atretic 

ones. Schweigert and Zucker (1988) suggest that the 

higher concentrations of vitamin A in the non-atretic 

follicles might suggest a role for vitamin A in 

follicular development. The most likely role would be an 

effect on protein synthesis by modulating the genetic 

expression in the cell nucleus in a way similar to that 

of a steroid hormone. Intrafollicular concentrations of 

vitamin A, like steroids, may be used as a physiological 

indicator of follicular quality and function in cattle 

(Schweigert and Zucker, 1988). 

Coffey and Britt (1993) found that vitamin A 

administered prior to breeding increased (P<.05) the 

number of pigs born live and vitamin A decreased (P< .10) 
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the number born dead. Studies have shown that 

deprivation of B-carotene cause distinct and reproducible 

failure of female reproduction in cows (Stowe, 1984) and 

mares (Van Der Hoist et al., 1984). Brief and Chew 

(1985) also conducted an experiment using fed verses 

injected vitamin A in gilts and the effect on 

reproductive performance. Injections of either B-

carotene, or B-carotene in combination with vitamin A, 

resulted in significant elevation of plasma vitamin A and 

plasma B-carotene and in large improvements in 

reproductive traits, including decreased embryonic 

mortality and increased number of pigs born. These data 

were the first to indicate that litter size can be 

enhanced by the administration of B-carotene to sows 

receiving National Research Council recommended(NRC) 

levels of dietary vitamin A. Evidence has indicated that 

B-carotene or related nutrients may increase litter size 

by reducing embryonic mortality (Brief and Chew, 1985). 

The majority of embryonic mortality occurs during a 

critical period in early gestation when the embryo 

undergoes a transformation from a blastocyst to a 

filamentous stage (Pope et al., 1990). Coffey and Britt 

(1993) indicate that their findings suggest that higher 
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levels of certain vitamins may be required during 

critical periods of embryonic development to enhance 

embryo survival. 

Chew et al. (1982) demonstrated that administration 

of vitamin A and B-carotene altered the production of 

uterine secretory products. Although the mechanism for 

this control was not determined, vitamin A or B-carotene 

may function to alter the uterine environment through 

effects on glandular or surface epithelium which produces 

secretions to support developing embryos (Coffey and 

Britt, 1993). The mechanism by which B-carotene and 

vitamin A may function to enhance survival of embryos is 

not certain. 

In the studies discussed above, there were no 

treatments in which only vitamin A was injected, 

therefore the following studies were undertaken to 

examine the role that vitamin A alone plays in follicular 

development in cattle, and other species must be studied 

further. 
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CHAPTER III 

EFFECTS OF VITAMIN A ON SUPEROVULATED DONOR 

COWS EMBRYO QUALITY AND QUANTITY FOR 

TRANSFER AND FREEZING 

Abstract 

Previous studies have demonstrated that injections 

of one million international units of vitamin A to sows 

have been reported to increase litter size in sows in 

some studies. Additionally, it was reported that vitamin 

A treatment could improve the number of transferable 

embryos in superovulated cattle (Shaw et al., 1995). The 

objective of this study was to determine the effects of 

vitamin A injections on total number of oocytes, number 

of transferable embryos, and percent transferable embryos 

in superovulated beef cows. The study was conducted at a 

commercial embryo transfer facility and was analyzed as a 

completely randomized design, with n=17 for control cows 

(C) and n=10 for cows receiving vitamin A injections (Vit 

a). One million international units of vitamin A from a 

commercially available preparation were injected 

intramuscularly into donor cows at the start of FSH 

treatment for superovulation. Cows were injected with 
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decreasing doses of FSH every 12h for 4 days (total 32 mg 

FSH) . On day 5, donors were bred, followed by uterine 

flushing occurred on day 12. A single technician 

administered FSH injections; all donor cows were flushed 

and embryos transferred by the same experienced 

individual and a single technician counted and graded all 

oocytes and embryos. On the day of flushing and transfer 

(day 7 after estrus), recipients were bled via tail vein 

puncture and blood collected for later assay of estradiol 

and progesterone. No differences due to vitamin A 

injections were observed for average total number of 

oocytes (C=16.8, VitA=15.9, P=0.20), number of 

transferable embryos (C=7.6, VitA=5.3, P=0.85), or 

percent transferable embryos (C=49.5%, VitA=39.0%, 

P=0.27). No differences in embryo quality score was seen 

between treatments. We concluded that vitamin A had no 

effect on the response to superovulation in donor beef 

cows in this study. Further, there were no differences 

between vitamin A treated and control donors for 

pregnancy rates. Serum concentrations of estradiol and 

progesterone were not different between recipients which 

later gave birth from the transfer of an embryo, and 

those which did not. However, the ratio of estradiol to 
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progesterone tended to be lower in recipients which gave 

birth (P<.12) than in those which did not. 

KEY WORDS: Vitamin A, Superovulation, Beef Cattle. 

Introduction 

Superovulation and embryo transfer has helped 

increase the reproductive efficiency in cattle, allowed 

for increased genetic improvement and selection for 

superior animals. Superovulation in cattle combined with 

embryo transfer has increased the number of progeny from 

superior dams. However, there is considerable variation 

in the effectiveness of the procedure It has been 

suggested by Shaw et al. (1995) that donor cows given 

injections of vitamin A had higher quality and quantities 

of transferable embryos. 

Administration of pharmacological levels of vitamin 

A have been reported to improve reproductive performance 

in sows (Britt et al., 1992). Brief and Chew (1985) 

reported improved embryonic survival in vitamin A 

depleted gilts which received B-carotene or B-carotene 

and vitamin A injections every 7 days throughout 

gestation. According to Shaw et al. (1995), vitamin A 

did not affect ovulation rate or total embryos recovered 
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in superovulated cattle, but it increased the mean number 

of high quality embryos and the total number of 

transferable embryos. 

Natural variation among animals for number of 

ovulation's and altering ovulation number by varying the 

amount of follicular stimulation in superovulated cows 

would provide a basis from which to test the effects of 

vitamin A on ovulation rate over a wide range of multiple 

ovulation's (Shaw et al., 1995). Because cattle are 

naturally monotocous. Vitamin A in conjunction with 

superovulation techniques, may help in increasing 

ovulation rate and/or enhanced quality of embryos 

recovered from these cows. Therefore, this experiment 

was conducted to examine the effects of vitamin A on 

quality and quantity of embryos recovered from 

superovulated cows and its effects on subsequent 

pregnancy rates. 

Materials and Methods 

This experiment utilized cyclic cows in moderate 

body condition. It was performed in the fall of 1995 at 

a professional embryo collection and transfer facility. 

Twenty seven donor cows were used ranging in age from 3-
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12 years in age, randomly chosen from a group of cows. 

These cows were housed at the individual owners own 

ranches and then transported via trucks and trailers to 

the central location for superovulating, vitamin A 

injections, breeding and flushing. 

Superovulation 

Ten cows were randomly assigned to the vitamin A 

group based on owner acceptance and 17 cows were assigned 

to the control group. Cows were synchronized with an 

implant of Synchromate B into the left ear, which was 

then removed at the time of the last FSH treatment. Cows 

were injected with decreasing dose of FSH every 12 hours 

for 4 days, for a total of 32 mg of FSH. At the start of 

the FSH Treatment, the vitamin A cows were given a single 

injection, intramuscular of 1,000,000 international units 

of vitamin A in a preparation which also contained 75,000 

international units of vitamin D. 

Uterine Flushing 

The donor cows were bred to the corresponding bulls 

that the owners requested via artificial insemination. 

After being bred via artificial insemination at day 5, 
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after FSH treatment, the cows were then flushed at day 12 

by Dr. Boyd Bein of Bova Gen genetics. They were flushed 

by inserting a Foley catheter through the cervix into the 

uterine body. One litter of sterile PBS (Phosphate 

Buffered Saline), was then infused in 250 ml. portions 

and then retrieved and filtered. After the entire 1 

liter was retrieved, number of embryos and oocytes were 

graded by use of a microscope. After careful searching, 

embryos were then either transferred freshly into 

recipient cows that were already palpated to determine 

uterine and ovarian status, or were then immediately 

frozen for later use. 

Embryo Transfer and Freezing 

If embryos were transferred fresh, they were loaded 

into a straw and then deposited into the uterine horn 

ipsilateral to the developing corpus luteum(CL). If they 

were frozen for later use, they were loaded into straws 

and then submerged into liquid nitrogen at the correct 

rate of cooling. Blood samples were drawn from both 

donor cows and recipient cows on the day of flushing and 

transferring. Blood was refrigerated until it was taken 

back to the lab and centrifuged to obtain serum. Serum 
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was stored at -20°C until assay for estradiol and 

progesterone. 

Radioimmunoassays 

Concentrations of serum estradiol and progesterone 

were determined using commercially available assay kits 

(Coat A Count, Diagnostic Products Corporation, Los 

Angeles, CA) , validated for use with bovine serum in our 

laboratory. Briefly, 25 ul. of serum were added to tubes 

coated with anti-serum to either estradiol or 

progesterone. One ml. of the appropriate hormone labeled 

with 1^^^ was added and the tubes were incubated for 1 

hour at 37 **C. The fluid was then aspirated and tubes 

counted for 1 minute in a gamma counter. The serum 

concentrations were determined using log-logit 

transformation and comparisons to the standard curve 

provided with the kits. 

Statistical Analysis 

Means for total number of embryos and oocytes 

recovered were compared between vitamin A treated and 

control cows by an unpaired t-test (Steel and Torrie, 

1980), using Proc t-test SAS (SAS, 1993). Number of 
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recipients which gave birth compared between groups using 

chi-square (Steel and Torrie, 1980) . Differences in 

serum hormone concentrations or hormone ratio were 

compared using an unpaired t-test. Correlation's between 

serum concentrations of estradiol, progesterone and 

estradiol, progesterone ratio with birth status were made 

using SAS. 

Results and Discussion 

Administration of vitamin A had no effect on the 

parameters measured in this study. There were no 

differences in the total number of embryos and oocytes 

recovered, number of transferable embryos, percent 

transferable embryos or number of recipients which became 

pregnant between the two groups of donor cows (Figures 

3.1,3.2 and 3.3). These data suggest that vitamin A 

given at the time when superovulation treatment is 

initiated has no effect in cattle. By comparison, Shaw 

et al. (1995) found vitamin A increased the number of 

transferable embryos collected from superovulated cows, 

but did not affect the number of nontransferable embryos 

recovered. The reasons for the difference in results 

from Shaw et al. (1995) and the present results are 
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unclear. However, Shaw and colleagues did not actually 

transfer the embryos. 

In pigs, Coffey and Britt (1993) reported that 

injections of either beta-carotene or vitamin A increased 

the number born alive, therefore vitamin A decreased the 

number born dead. As well, Coffey and Britt (1993) 

suggested that litter size can be enhanced, in pigs, by 

the administration of beta-carotene to sows receiving 

sufficient levels of dietary vitamin A. Breif and Chew 

(1985) injected vitamin A-depleted gilts with either 

beta-carotene or beta-carotene and vitamin A every 7 days 

throughout gestation and reported improved embryonic 

survival. 

Mean serum concentrations of estradiol and 

progesterone on day 7 after estrus were not different 

between recipients which gave birth and those that did 

not (Table 3.1). When a ratio of estradiol to 

progesterone was calculated and compared between groups 

of recipients, the ratio tended to be higher (P< .12) in 

recipients which did not give birth. Spicer and Geisert 

(1992) found that large follicles collected from pregnant 

cows had lower concentrations of estradiol in follicular 

fluid than those collected from nonpregnant cows. While 
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the mechanism by which estradiol reduces pregnancy rate 

is not clear, exogenous estradiol has been shown to 

reduce the progestin content of CL's collected from 

heifers. Thatcher et al. (1989) suggested that elevated 

secretions of estradiol by ovarian follicles during 

maternal recognition of pregnancy can be detrimental to 

maintenance of pregnancy. Erb et al. (1976) proposed 

that brief elevation in concentrations of estradiol 

during early luteal phase may yield an inappropriate 

uterine environment for embryonic development. Our 

results support the hypothesis that an elevated level of 

estrogen or a decreased level of progesterone could lead 

to decreased fertility. 
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Figure 3.1 Number of oocytes obtained from vitamin A 
treated and control cows. 
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Figure 3.2 Number of embryos obtained from vitamin A 
treated and control cows. 
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Figure 3.2 Pregnancy rates for vitamin A treated and 
control cows. 
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Table 3.1 Concentrations of estradiol (pg/ml), 
progesterone (ng/ml) and estradiol 
progesterone ratio for recipient cows 
which gave birth and those which did not 

Hormones Pregnant Not Pregnant 

Estradiol pg/ml 2.9+0.6 3.8+0.8 

Progesterone ng/ml 2.7+0.6 2.0+0.4 

Estrogen/ Progesterone 1.07 1.9 
Ratio 
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CHAPTER IV 

CONCLUSIONS 

The aim of this research was to determine if vitamin 

A played a role in embryo and oocyte quality and quantity 

between the treatment group and control group. The 

experiment was based on research done primarily in pigs, 

rats and rabbits. In the current research, the results 

were different than those found in the species mentioned 

above. 

The cows that were injected with vitamin A were not 

found to have differences in embryo quality or quantity 

than those that did not receive vitamin A. As well, 

vitamin A did not improve calving rates. However, there 

was a small difference in the estradiol to progesterone 

ratio level in pregnant versus nonpregnant recipient 

cows. Cows which gave birth tended to have a lower 

estradiol to progesterone ratio than cows which did not 

give birth. 

The mechanism by which vitamin A affects the uterus 

and/or the embryos, is not well understood. It is 

thought that the vitamin A may change the environment of 

the uterus. There are retinoic acid receptors in uterine 

and embryonic tissues. The change in the uterus may 

43 



cause an unstable environment for an embryo; therefore, 

the conception rates may fall. However, there are others 

that believe that the vitamin A may in fact be beneficial 

to embryonic development, perhaps by altering uterine 

secretions. 

There is a need for further research and experiments 

to be performed in this area. Vitamin A requirements 

have been established for growing animals, but not for 

all physiological conditions. There may be increased 

levels of vitamin A required at certain times including 

early pregnancy. Thus, vitamin A research should continue 

and grow. 
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