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CHAPTER I 

INTRODUCTION 

Horses have the poorest reproductive rate of all 

domestic species. Therefore, practices that improve 

equine reproduction are commercially profitable. The 

combination of embryo transfer and superovuiation 

currently is limited in practice in equine reproduction, 

but could be a powerful aid. This combination has been 

successfully accomplished in other species, especially 

cattle. However, because of differences in endocrine 

responses to exogenous hormones, mares respond poorly to 

superovuiation and normally only one embryo is retrieved, 

if any. 

Follicle stimulating hormone (FSH) induces growth 

and maturation of small follicles. During follicular 

growth, a group of follicles is recruited, of which only 

one matures completely and is ovulated in the normally 

cycling mare. Suppression of additional follicular 

growth occurs because high levels of inhibin are present 

at the time of maturation, suppressing endogenous levels 

of FSH. Increased concentrations of FSH in other species 

have allowed maturation and ovulation of more than one 

follicle. One method to increase FSH and superovuiation 



would be through immunizing mares against inhibin. 

Immunization would encompass a natural increase in 

endogenous FSH levels, thereby increasing the success 

rate of embryo transfer, by giving more embryo selection. 

Then, the highest quality embryo could be transferred and 

other viable embryos could be frozen for later use. In 

the event that the first transfer did not succeed, frozen 

embryos could be implanted. 

The objectives of this study were to actively and 

passively immunize mares against endogenous inhibin and 

then evaluate FSH concentration, embryo quantity, 

quality, and viability and overall status of the mares. 



CHAPTER II 

LITERATURE REVIEW 

Equine Reproduction and Embryo Transfer 
with Decreased Efficiency 

Many factors are involved in decreased reproductive 

efficiency, especially when involving embryo transfer. 

The equine reproduction industry, has very limited use, 

for innovative techniques, such as embryo transfer. This 

technique is common in cattle and swine, but has had 

little success in horses. 

Current practices in cattle are very different than 

those used in the horses for transferring embryos. Most 

cattle are flushed via insertion of a Foley catheter. 

Embryo transfer in cattle is done through the aid of a 

pipette, an artificial insemination gun and a straw 

loaded with the embryo. This procedure occurs by simple 

vaginal entry by the artificial insemination gun through 

the cervix and depositing the embryo in the uterine horn 

on the side of the corpus lutem. Yet, in horses a common 

method of transfer is through a surgical flank incision 

and deposition of the embryo in the uterus, which takes a 

longer time to heal and is more invasive than bovine 

embryo transfer (Squires et al., 1987; Mckinnon and Voss 



1993). Further research needs to be done to evaluate 

nonsurgical versus surgical embryo transfer. Squires and 

Ginther (1985) researched the factors affecting the 

success of embryo transfer in horses, and determined 

several factors that affect successful transfer. The age 

of the embryo, reproductive status of the donor, and 

number of detected ovulations had significant impact on 

success rate. Squires et al. (1985) found the factors 

that would affect pregnancy rates were; method of 

transfer, technique, time of year, age and size of embryo 

and the synchronization of donor and recipient. Day six 

embryos proved to be most viable for freezing, but day 

six tended to be less favorable for transfer. This, in 

part, is due to the inability of the embryo to reach the 

uterus to be flushed. Yet, there was no significant 

difference (P>0.05) for embryos flushed at day seven or 

eight. Day nine embryos tended to have a lower pregnancy 

rate (Squires et al., 1985). Vogelsang and Vogelsang 

(1989) found that age of donor and parity also was an 

indicator of embryo transfer success. Success rates in 

mares that were in a younger age group, ages two to 

eight, along with maiden mares and mares foaling within 

the last two years were significantly higher (P<0.025) 

than older subfertile mares (mares that have not foaled 



in the last two years, and older than nine years of age). 

Yet there was no significant difference in pregnancy loss 

in recipient mares of varying ages (Vogelsang and 

Vogelsang, 1989). Squires et al. (1985), along with 

Vogelsang and Vogelsang (1989), also stated that time of 

year influenced success of transfer, with higher results 

occurring from July to October rather than March to June. 

The occurrence of embryo recovery was also higher in 

mares that had twin ovulations by (P<0.05) than mares 

that had one detected ovulation with a large follicle 

present(25mm or larger) (Squires et al., 1985). 

The success rate of transfer in cattle is much 

higher than in horses (Curtis, 1991). The use of 

superovuiation and follicular manipulation is part of the 

higher embryo transfer success rate because high quality 

transferable embryos are more likely to be recovered when 

more than one follicle ovulates. These findings suggest 

that the success of embryo transfer in horses would be 

improved if superovuiation were more reliable. 

The understanding of follicular dynamics may prove 

to be an aid in increasing the success rate of 

superovuiation and embryo transfer in mares. Roser et 

al. (1994) reported that in the mare the follicular wave 

that contains the follicle destined to ovulate emerges 



during mid estrus, when concentrations of FSH are high. 

Selection of the dominant or preovulatory follicle 

subsequently occurs as FSH concentration start to decline 

in late diestrus. Roser et al.(1994) and Bergfelt et 

al.(1991) suggested that through the production of 

inhibin, estradiol and other factors, the developing 

dominant follicle may limit the development of the 

smaller secondary follicles through the suppression of 

FSH secretion. Superovuiation would be possible as a 

result of blocking the suppression of FSH and allow 

increased success rate of embryo transfer. 

Superovuiation Effects on Embryo Transfer 

Superovuiation in cattle is frequently used as an 

aid in embryo transfer. This practice is often 

accomplished by injections of FSH or PMSG (equine 

gonadotropin) (Curtis, 1991). This use of superovuiation 

has increased the success rate of embryo transfer by 

allowing larger numbers of higher quality embryos to be 

choosen from. This process gives much more flexibility 

and aid in embryo recovery and transfer. 

Squires et al.(1987) found that several foals from a 

genetically superior mare is an advantage in the equine 

industry for embryo transfer as this would help to 



improve the selection process for better performing 

animals. The success of equine superovuiation has been 

very limited in the past. Mares sometimes are spontaneous 

double ovulators and Thoroughbred mares have been shown 

to have a higher incidence of multiple ovulation than 

other breeds (Ginther, 1983). Single ovulating mares 

have reportedly had only a 53% embryo recovery rate in 

comparison to a 106% recovery rate (embryo/mare) in 

double ovulating mares (Squires et al., 1987). The reason 

for double ovulation in some mares is unclear. Urwin and 

Allen (1983) suggested that the ovaries of certain mares 

are more sensitive to gonadotropin effects. Mares that 

have multiple ovulations are very valuable in an embryo 

transfer program, simply by giving an increase in embryo 

recovery rates (Squires et al., 1987). Pregnancy rate 

was much higher in mares that ovulated greater than 2 

follicles (Squires et al., 1987). More normal embryos 

were retrieved on day 7 post ovulation from multiple 

ovulating mares (Squires et al., 1987). Embryos 

recovered at day 8 in multiple ovulating mares were 

significantly smaller in diameter than single ovulating 

mares (Squires et al., 1987). Stewart and Allen (1979) 

suggested that a natural regulatory reducing factor may 

occur in the mare either during the descent to the uterus 



or in the uterus itself, between day 7 and 12. Several 

researchers have also reported similar findings with a 

decrease in embryo quantity when retrieval occurred at 

day 8 or later (Squires et al., 1986, 1987; Ginther, 

1983; McCue et al., 1992). 

Equine Pituitary Extract or FSH have both been used 

in experiments to superovulate mares. Squires et al. 

(1986) found that equine pituitary extract was more 

successful in superovuiation than FSH-P(Porcine FSH). 

Thirteen out of eighteen pituitary extract treated mares 

had multiple ovulations after receiving subcutaneous 

injection of pituitary extract once daily. Mares given 

injections of FSH-P via intramuscular injection of 150 mg 

twice daily had an incidence of multiple ovulations in 4 

out of 9 mares (Squires et al., 1986). Mares with 

multiple ovulations had less variation in diameter of 

follicles from the largest to the second largest follicle 

than single ovulating mares (Squires et al., 1987). It 

was also reported that mares treated with equine 

pituitary extract had a significantly larger number of 

medium size follicles present prior to ovulation 

(P<0.05), while the diameter of the largest follicle one 

day prior to ovulation was smaller in the equine 

pituitary extract treated group than the mares given FSH-
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p. Ginther et al. (1983) suggested that superovuiation 

was due to the recovery of otherwise atretic follicles. 

Overall pregnancy rate was 120% higher for double 

ovulating mares than single ovulating mares (Squires et 

al., 1987). McCue et al. (1992) reported an increase in 

the number of follicles in mares (P<0.01) immunized 

against inhibin. McCue et al. (1992) also showed an 

increase in embryo recovery rate in superovulated mares 

(1.6+ 0.5 embryos per flush) compared with controls (1.1 

+ 0.1 embryos per flush). 

Hormonal Effects on Follicular Dynamics 
on Reproduction 

Inhibin 

Inhibin has been demonstrated to be the primary 

regulator of FSH secretion. Burger and Igarashi (1988) 

defined inhibin as a glycoprotein hormone that consists 

of two dissimilar, disulfide-iinked subunits (alpha and 

beta), which inhibits pituitary production and or 

secretion, of FSH. Inhibins and activins (the beta-beta 

dimers) have been isolated from follicular fluid and 

termed to have alpha and beta subunits, with specificity 

in the alpha subunit (Vale et al., 1994). Activin has 

been shown to increase FSH secretion along with LH. The 



specific role of activin in comparison to inhibin has not 

been determined. Roser et al.(1994) determined inhibin 

production in mares originated from the granulosa cells, 

while it was produced by the Sertoli cells in the male. 

Studies of inhibin have shown powerful inhibitory effects 

on basal FSH secretion and/or synthesis and FSHB mRNA 

accumulation in cultured rat pituitary cells (Vale et 

al., 1994; Farnworth et al., 1988)and ovine anterior 

pituitary cells (Mizumachi et al., 1990). Localization 

of inhibin is not limited to reproductive tissues, but is 

found in other tissue such as the brain, pituitary, 

adrenals, bone marrow, and kidney. In addition, inhibin 

and activin subunits are found in spermatids, 

unfertilized and fertilized ova, and embryos of all 

stages (Vale et al., 1994). Robertson et al. (1989) 

found that the release of inhibin from follicular fluid 

was aided by a substance called pro Alpha C which is a 

disulfide linked structure and may be an intermediate in 

the dimerization of the alpha and beta subunits. 

Fluctuating concentrations of inhibin have been 

shown to be inversely related with FSH (Ireland et al., 

1994; Findlay et al., 1990; Carroll et al., 1991), while 

inhibin has been shown to be weakly correlated with 

estrogen in the follicular phase (P< 0.01) (Findlay et 
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al., 1990). In ovariectomized ewes plasma inhibin could 

not be detected, also cautery of the largest follicle 

resulted in a 35% reduction of inhibin and a 81% 

reduction in estrogen, according to Findlay et al. (1990) . 

This suggests the gonadal origin of circulating inhibin. 

Findlay et al. (1990) found that the rise of inhibin 

occurred in the follicular phase, and decreased 3-6 hours 

after the pre-ovulatory surge of LH, reaching a nadir 

around the second rise in FSH 24 to 48 hours later. 

Indicating that large antral follicles are a major source 

of peripheral inhibin during the estrous cycle. The 

increase of inhibin during the follicular phase was 

positively correlated with the growth of the dominant 

follicle and may be inhibited by the pre-ovulatory surge 

of gonadotropin. Summarizing the inverse relationship 

between inhibin and FSH, supports a negative feedback 

regulation on FSH. Inhibin may act synergistically with 

estrogen to inhibit FSH. 

Inhibin has been shown to have little or no 

regulatory effect on LH. Yet, Laws et al. (1990) found 

that GnRH can be regulated by gonadal hormones, such as 

inhibin in up regulation of GnRH receptors. Porcine 

follicular fluid inhibin increased the effect of GnRH on 

LH. Inhibin may allow the maximum responsiveness to GnRH 
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so the LH surge can occur to its fullest. Also Farnworth 

et al. (1988) suggested that in vitro, higher doses of 

inhibin could suppress LH. Researchers have reported 

that inhibin acts primarily at the level of the pituitary 

to inhibit all parameters of FSH secretion (Rivier et 

al., 1991; Roser et al., 1994; Findlay et al., 1990). 

This effect is not entirely mediated by changes in GnRH 

receptors, as was previously proposed (Ireland et al., 

1992). 

Activin 

Activin or FSH releasing protein, has been shown to 

stimulate FSH release in humans, sheep, cattle and horses 

(Hillier, 1991; Driancourt, 1991). Hillier (1991) showed 

that activin is mainly expressed in granulosa cells and 

is developmentally regulated by FSH induction. Steroids 

and growth factors can regulate activin production in 

vitro. Carroll et al.(1991) showed that in vivo 

Recombinant Human activin-A stimulates FSH synthesis and 

secretion in females, but not in male rats, thereby 

suggesting there is a sexually dimorphic response to 

activin in the rat. Activin has been shown to have a 

moderating effect on theca cells, a principal site of 

androgen production. Treatment of human theca cells with 
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activin have inhibited the stimulation of androgen 

production by LH and IGF-I. Hillier (1991)suggests that 

activin and inhibin can be selective paracrine modulators 

of theca androgens, along with potential autocrine 

modulator of aromitazation of androgens in granulosa 

cells. 

Follicle Stimulating Hormone and Luteinizing 
Hormone Effects on Follicle Recruitment 

Driancourt (1991) showed that gonadotropins are 

extremely important in the control of recruitment, 

selection and dominance in follicles. Absence of LH and 

FSH (caused by immunization or hypophysectomy) will 

prevent follicle recruitment. In the ewe, follicular 

development is blocked by depression of gonadotropins so 

that FSH is unable to induce recruitment. The current 

model of follicular selection is that the dominant 

follicle suppresses growth of the remainder of the cohort 

follicles, by suppressing FSH secretion (Driancourt, 

1991; Roser et al., 1994; Woods and Ginther, 1984). 

Cattle have been reported to show an active process 

whereby the selected follicle suppresses the growth of 

other follicles by an unknown paracrine substance, 

possibly inhibin. In sheep, the largest follicle of the 

13 



cohort of recruited follicles inhibits FSH, decreasing 

the growth of other follicles via the negative feedback 

of its estradiol and inhibin secretion (Driancourt, 

1991). Baird (1983) also stated that the reason the 

dominant follicle continued development was its ability 

to synthesize estradiol under the influence of FSH and LH 

in sheep. In humans and catharhine primates preovulatory 

size follicles are seen during the late luteal phase, 

because the CL (corpus luteum) produces estradiol. After 

CL regression, FSH is inhibited and menses occurs 

followed by a two-week luteal phase. 

In horses, GnRH shows little fluctuations during the 

estrous cycle and this indicated that FSH and LH surges 

may occur because there is an altered pituitary 

responsiveness to a constant input of GnRH (Irvine, 

1981). McKinnon and Voss (1993) reported that FSH 

reaches a nadir early in estrus to select a single 

follicle for ovulation. Also the rise of FSH that occurs 

around the time of ovulation accelerates development of a 

group of small, preantral follicles, with one of these 

becoming dominant, while the other follicles become 

atretic. LH is then responsible for final maturatio of 

the follicule. The rate of development of the 

preovulatory follicle accelerates 3 to 6 days before 
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ovulation when FSH starts to decline and LH is rising 

(Pineda and Ginther, 1972). LH in mares has also been 

shown to play an important role in the establishment and 

maintenance of the corpus luteum (McKinnon and Voss, 

1993) . 

Active Immunization Against Inhibin 

Immunization against inhibin has been used as an aid 

to increase endogenous FSH in sheep, rats, humans and 

horses. This process has resulted in an increase in 

ovulation rate in numerous species. Findlay et al. (1989) 

showed an increase in ovulation rate (P<0.05), along with 

Hendersen et al. (1984) finding an increase at 2.06+0.16 

compared to 1.31+0.06 in control ewes. Wrathall et al. 

(1990) also found an increase in ovulation rate in 

immunized ewes at 2.15+0.22 (P<0.01) compared to control 

ewes and Mizumachi et al. (1990) found an ovulation rate 

of 8.7+ 1.9 compared to 2.0+0.0 in controls. Ovulation 

rate was significantly increased in rats (P<0.01), but 

only 40% survival rate in pups (Rivier and Vale, 1989). 

Brown et al. (1990) showed that active immunization 

resulted in an ovulation rate increase of 35% at oestrus 

in gilts. King et al. (1993) also reported an increase 
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in ovulation rate after active immunization by 39% with 

17.9+.9 in immunized groups compared with 12.8+.7 in 

controls. Price et al. (1987) reported an increase in 

ovulation rate in cattle, after immunization with 

purified follicular fluid from sheep and attributed the 

increase to the neutralization of inhibin from the 

follicular fluid. Horses had an increase in ovulation 

rate after active immunization 2.8+1.1 compared with 

1.1+0.1 in controls (P<0.01) (McCue et al., 1992). 

Findlay et al. (1988) believed that the increase in 

ovulation rate was due to an increase in circulating FSH 

concentrations. Researchers also found an increase in 

circulating FSH after active immunization (McCue et al., 

1992; Mizumachi et al., 1990; Wrathall et al., 1990). 

Yet, Hendersen et al. (1984) found no differences in FSH 

levels in the immunized group compared with controls. 

While King et al. (1993) showed the differences in FSH 

levels after immunization had a time and treatment effect 

with immunized ewes having higher FSH concentrations 

before the ovulatory surge of LH and lower basal FSH 

concentrations after the surge compared with the 

controls. Mizumachi et al. (1990) reported that the post 

ovulatory surge of FSH persisted longer in immunized ewes 

compared with the controls. Active immunization against 
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inhibin in rams showed inhibin to be the main regulator 

of FSH and spermatogenic activity (Voglmayr et al., 

1990). In bulls, immunization resulted in an increase in 

serum FSH (P<.05) along with an increase in sperm density 

in the testis of immunized bulls (P<.01) (Schanbacher, 

1991) . 

Several studies reported no difference in levels of 

LH after immunization (Price et al., 1987; Mizumachi et 

al., 1990; Findlay et al., 1989; King et al., 1993). 

King et al. (1993) and Rivier and Vale (1989)also 

reported no difference in circulating levels of 

progesterone or estrogen after immunization against 

inhibin. Brown et al. (1990) also reported that there 

was no effect on growth rate or onset of estrus in gilts. 

Active immunization against inhibin gave an overall 

increase in circulating levels of FSH, which resulted in 

the increased ovulation rate and embryo retrieval( McCue 

et al., 1992). 

Passive Immunization Against Inhibin 

Passive immunization of inhibin has been shown to 

increase endogenous FSH levels along with an increase 

ovulation rate in sheep, cattle and pigs (Kusina et al., 

1995; Wrathall et al., 1990; Rivier and Vale, 1989; 

17 



Wheaton et al., 1992; Schanbacher et al., 1991; Kaneko et 

al., 1995). After an initial increase in plasma FSH 

after immunization against inhibin, FSH concentrations 

remained elevated for 28 hours and then returned to 

baseline. This caused an increase in tubal ova shed 

during estrus in the rat, along with increased ovulation 

rate (P<0.01) but only a 40% survival rate in pups 

(Rivier and Vale, 1989). Wrathall et al. (1990) showed a 

rapid dose dependent rise in plasma FSH for up to 30 

hours at a 2.5-fold increase at (P<0.001) in immunized 

ewes. 

Wheaton et al. (1992) also reported an increase in 

ovulation rate and an increase in plasma FSH levels 

within 0-24 hours post injection in ewes immunized 

against inhibin (P<0.002) compared with ewes immunized 

against human alpha globulin. FSH returned to control 

concentrations by the onset of the preovulatory LH surge. 

Wrathall et al. (1990) also reported that plasma levels 

of FSH was 37% greater (P<0.025) 48 hours prior the 

preovulatory LH surge, yet there was no difference in LH 

levels. Schanbacher et al. (1991) reported a greater LH 

peak concentration and a higher postovulatory secondary 

rise in FSH (P<0.05) than in actively immunized ewes. 

Kusina et al. (1995) also reported a dose dependent rise 
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in FSH concentrations, due to the titer of inhibin 

antibodies. Antibody titer was higher in ewes injected 

with larger concentration. Highly purified inhibin 

antibodies declined rapidly compared with semi purified 

inhibin antibodies, after initial injection (P<0.05). 

FSH concentrations in the immunized groups decreased 

similar to the control ewes, but the actual FSH 

concentrations were less 42 hours later in the passive 

group than in the controls (Kusina et al., 1995). 

Overall ovulation rate was increased in ewes after 

passive immunization, along with an increase in 

endogenous FSH levels(Kusina et al., 1995; Wrathall et 

al., 1990; Wheaton et al., 1992; Schanbacher et al., 

1991) . 

Kaneko et al. (1995) reported that immuno-

neutralization of inhibin in cattle has caused a marked 

increase (P<0.01) in plasma FSH levels, while estrogen 

was not affected, similar to sheep. Kaneko et al. (1995) 

also stated the LH surge occurred within 48 hours after 

injection of the inhibin antiserum or control serum. 

Immunization against other gonadal hormones can 

affect ovulation rate. Yet, Roberts et al. (1991) 

reported no difference in ovulation rate or embryo 

quantity after passive immunization against estradiol in 
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rats, but showed an increase in the number of good or 

excellent embryos, when high levels of estrogen was 

reduced. Kaneko et al. (1995) reported the rise in FSH 

also lasted longer when a combination of inhibin and 

estradiol was administered than inhibin alone. 

Immunization against inhibin or both inhibin and estrogen 

induced the growth of a large number of small medium and 

large follicles in comparison with the control group, 

while injection of estradiol antiserum alone did not show 

an increase in follicular growth. Thereby suggesting 

that estradiol may have a synergistic effect with inhibin 

on FSH (Kaneko et al.,1995) 
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CHAPTER III 

EXPERIMENT I: EFFECT OF ACTIVE IMMUNIZATION AGAINST 

INHIBIN ON FSH, OVULATION RATE AND 

EMBRYO QUANTITY AND QUALITY 

Abstract 

Embryo transfer in mares has proven to be difficult 

due to problems with superovuiation. Immunization 

against inhibin in other domestic species has resulted in 

superovuiation. The present study examined effects of 

immunoneutralization of inhibin by active immunization on 

FSH concentrations, follicular growth and ovulation rate. 

Mares were immunized against porcine inhibin a 1-32 

conjugated to keyhole limpet hemocyanin. Blood samples 

were taken after 3 and 5 immunizations and assayed for 

percent binding of inhibin. Mares were followed through 

estrus via palpation and ultrasonography, then bred via 

artificial insemination and embryos were retrieved and 

graded. Ovulation rate was greater in treatment mares by 

160% than in control mares (P<0.09). Mare B which had 

the highest percent binding, also had the greatest number 

of follicles and ovulations (P<0.09). Treatment mares 

did loose 10% body condition scoring (BCS) due to abscess 
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and lesions at injection sites. These data support the 

hypothesis that active immunization against inhibin in 

mares can increase follicle activity and ovulation rate 

and aid in the embryo transfer process. 

Introduction 

Decreased reproductive efficiency in horses has 

hindered the rate of genetic improvement and selection 

for superior animals. Cattle, pigs and sheep have been 

able to overcome this obstacle and achieve faster genetic 

improvement through higher reproductive efficiency. 

Superovuiation in these species combined with embryo 

transfer has increased the number of progeny for superior 

females. Horses have had poor results in these 

techniques when compared with other species. 

There is convincing evidence that the use of 

superovuiation increases the success of embryo transfer 

(Woods and Ginther, 1984). Limited success has been 

accomplished in superovuiation in mares through the use 

of equine pituitary extract or exogenous FSH (Squires et 

al., 1987; Ginter et al., 1983). Recently, a new method 

of superovuiation has been researched involving 

immunization against inhibin in cattle (Schanbacher, 

1991), sheep (Kusina et al., 1995), pigs (Brown et al., 
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1990) and horses (McCue et al., 1992). Immunization 

against inhibin has allowed endogenous levels of FSH to 

increase and result in superovuiation. 

Immunization against inhibin has been accomplished 

in the other domestic livestock species. This process 

could become a useful tool for practical application in 

superovuiation and aiding in embryo transfer in horses. 

Simply by increasing the rate of embryo retrieval, this 

will allow for more stringent embryo selection for 

transfer and give higher pregnancy success rates (McCue 

et al., 1992). 

Active immunization is a process by which the animal 

is injected with an antigen and an adjuvunt coupled to 

the antigen, to stimulate the animals own immune system 

to develop antibodies. This process is repeated to 

maximize the titer response to the antibody development 

to immunize the animal to the particular reagent. The 

immunization against inhibin, will prevent endogenous 

levels of inhibin by inhibiting FSH secretion and result 

in superovuiation (Wheaton et al., 1992; McCue et al., 

1992) . 

The objectives of this study were to evaluate the 

effect of active immunization against inhibin by checking 

the titer response and comparing the endogenous levels of 
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FSH in treatment animals as compared with control and to 

evaluate the success of embryo retrieval, embryo quality 

and overall viability in treatment animals compared with 

controls. 

Materials and Methods 

This experiment was performed during the late summer 

of 1994. Research has shown an increased rate of embryo 

transfer success in mares during this time of year 

(Vogelsang and Vogelsang, 1989) . Eight mares ranging 

from 4-12 years of age were randomly chosen and were 

housed outdoors at the Texas Tech Equine Center under 

natural photoperiod and temperature conditions. All 

mares were fed a diet of alfalfa hay and 12% protein 

grain with ad libitium access to water. 

Four mares were assigned to each group. The 

treatment group was then prepared for the immunization 

process as described below. Porcine inhibin a 1-32 

(Peninsula Laboratories) was coupled to Keyhole lympet 

hemocyanin (KLH complex) by dialysis and mixed with 

Freunds complete adjuvant (Sigma Chemicals) (McCue et 

al., 1992) and administered in four or five subcutaneous 

injection in the neck consisting of one mL total volume 

for the initial injection process. A total of 150 ug of 
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inhibin a 1-32 was injected into each mare at each 

immunization. Then at three week intervals mares 

received another set of subcutaneous injections of 

porcine inhibin a 1-32 (Peninsula Laboratories) in three 

to four areas in the neck with the total injection of one 

mL. This time the peptide was mixed with Hunter's Titer 

Max reagent (Sigma Chemicals) to lessen the severity of 

the initial reaction. The mares were then reimmunized 

three more times at three week intervals following the 

above protocol. 

After the third injection, blood samples (5mL) were 

collected by jugular venipuncture in both treatment and 

control animals to evaluate antibody reaction. Blood 

samples were stored overnight at 4° C, centrifuged and 

the serum was stored at -20° C until assayed. 

Single aliquots of serum from immunized and control 

mares were diluted in phosphate buffered saline to 

varying dilutions. Inhibin titer and percent binding 

were determined by the percent of specific binding of 

serum from immunized mares to iodinated porcine inhibin a 

1-32 I^" (Peninsula Laboratories). After the fifth 

immunization blood samples were again drawn and evaluated 

as above. 
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The treated and control groups were then followed 

via palpation and ultrasonography through a full estrous 

cycle to determine follicle activity. These mares were 

then bred via artificial insemination, using 20mL of 

semen with at least 500 million spermatozoa total dose, a 

minimum of three times during estrus. These mares were 

then flushed eight days after the end of estrus, by 

insertion of a Foley catheter and infusion and recovery 

of four liters of phosphate buffered saline. Embryos 

were retrieved via the use of Emcon filters(PETS 

labortatory) and then separated and graded for viability 

and morphology (McKinnon and Squires, 1988). 

Mean embryo numbers and frequency of more than one 

ovulation/mare in the treated group were compared with 

control mares by chi-square using Proc Frequency of 

SAS(1993). 

Results 

Assays and results in the treatedt group were 

evaluated from three of the four mares, as one died 

during the immunization process from causes unrelated to 

this experiment. 

Immunization against porcine inhibin alpha 1-32 

resulted in significantly higher levels of specific 
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binding to the iodinated (prep) compared to serum from 

control mares (P<0.01)(Fig 3.1, Table 3.1). There was a 

significant increase in treatment mares having greater 

than one ovulation and embryo recovery was 160% greater 

than in control mares (P<0.09) (Fig. 3.2, Table 3.2). 

There was a treatment effect on embryo numbers as by a 

correlation of percent binding of inhibin and embryo 

quantity (P<0.07)(r =.9) (Fig. 3.3). There was no 

significant difference in embryo quality or morphology 

(P>0.1) in treatment mares compared with controls. 

The fact that there was no significant difference in 

embryo quality indicated that there was no detrimental 

effects on the embryos. Yet, treatment mares were 

reduced in Body Condition Scoring (BCS) (McKinnon and 

Voss, 1994) by 10% due to abscesses and lesions at the 

injection sites. Control mares had no change in their 

BCS, during the course of the experiment. 

Discussion 

There is considerable evidence that active 

immunization against inhibin increased FSH concentration, 

increased follicle activity and ovulation rate in ewes 

(Findlay et al., 1988), in cattle (Price et al., 1987), 

in pigs (King et al., 1993) and horses (McCue et al., 
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1992). In the present study, immunization produced a 

significant increase in inhibin titer after the third 

immunization, but not to the level seen after the fifth 

immunization, similar to results McCue et al. (1992) 

found. The level of follicular activity also increased 

after the fifth immunization in comparison to controls. 

This study supports the hypothesis that active 

immunzation against inhibin increases follicular 

activity. If endogenous FSH concentration increased this 

would likely result in the natural maturation of more 

follicles, possibly by not allowing the other smaller 

follicles in the wave to become atretic. 

The negative feedback regulation of inhibin on FSH 

is blocked by the immunization process (Wheaton et al., 

1992; King et al 1993). (FSH) The ewes actively immunized 

against inhibin had increased follicular activity and 

ovulation rate (Kusina et al., 1995). 

In horses superovuiation has been difficult to 

accomplish (Woods and Ginther, 1985). Embryo transfer 

sucess is increased when there are multiple ovulations 

(Curtis, 1991) . The effects of exogenous FSH have shown 

little or no increase in ovulation rate in mares (Squires 

et al., 1984), unlike its effect in cattle (Curtis et 

al., 1991). McCue and colleages (1992) reported an 
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increase in serum FSH and ovulation rate in mares 

actively immunized against inhibin. Our results support 

this research and extend to find the effect on embryo 

quality and body condition of the mares. Mare C did not 

show an increase in embryo recovery rate as the other 

treatment mares did even though she had an increase in 

percent bound inhibin compared with control mares. This 

may be due to prior breeding difficulties as a piece of 

the cervix was missing and uterine scaring was present 

and this may have decreased conception rates. Results 

from this research indicate that active immunization 

against inhibin is useful in increasing follicular 

activity and ovulation rate which has the potential to 

increase the success of embryo transfer. Yet, the 

extensive time commitment in the active immunization 

process, along with the lesions and abscesses makes 

this process difficult on the mares. Further research is 

needed to evaulate the effects of different immunization 

protocols. 
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Table 3.1 Different Dilutions of Percent Binding to 
Inhibin in Actively Immunized Mares. 

Mare B 

Mare M 

Mare C 

1 :100 

2 7 . 6 

2 1 . 2 

1 7 . 8 

1 : 1 , 0 0 0 

2 6 . 9 

2 0 . 7 

1 5 . 3 

1 : 1 0 , 0 0 0 

2 3 . 8 

1 9 . 2 

1 4 . 2 
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Table 3.2 Frequency of Embryos Retrieved Per Mare in 
Treatment and Control 

Number of Embryos per Mare 
Treatment 

Mare M 5 
Mare B 8 
Mare C 0 

Control 
Mare W 0 
Mare Mi 1 
Mare B 1 
Mare S 0 
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Figure 3.1 Percent of Bound Inhibin at Different 
Dilutions After Fifth Immunization Against Inhibin 
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Figure 3.2 Mean number of embryos recovered after active 
immunization. 
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Embryo Numbers 

Figure 3.3 Frequency of Embryos Retrieved in Actively 
Immunized Mares Compared with Percent Bound Inhibin at 

1:10,000 Dilution 
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CHAPTER IV 

EXPERIMENT II: THE EFFECT OF PASSIVE IMMUNIZATION 

AGAINST INHIBIN, OVULATION RATE AND 

EMBRYO QUANTITY AND QUALITY 

Abstract 

Immunization against inhibin has shown to increase 

endogenous FSH levels, increase follicular activity and 

increase ovulation rate in all domesticated livestock 

species. Active immunization against inhibin has been 

reported to have dramatic results to increase ovulation 

rate. Yet, time constrictions and complication after 

immunization do not make this process commercially 

applicable in horses. Therefore, the purpose of this 

experiment was to examine the differences in the 

immunization processes by comparing active and passive 

immunization against inhibin and to evaluate follicle 

activity, ovulation rate, embryo recovery and overall 

body condition of the mares. The approach was to use 

serum from one mare in the active immunization treatment, 

concentrate and purify antibodies from her serum and use 

these to passively immunize another group of mares. 

Mares in the treatment group showed a titer response 
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against inhibin a 1-32 (Peninsula Laboratories) similar 

to the actively immunized group. There was a significant 

increase in embryos retrieved in treatment mares 

(P<0.09). These data support the hypothesis that passive 

immunization against inhibin increased follicle activity 

and embryo quantity over a shorter time period along with 

no change in body condition in treatment mares compared 

to actively immunized mares. 

Introduction 

Various studies have documented the inverse 

relationship between FSH and inhibin, on follicular 

activity in the female. Exogenous FSH can be used for 

superovuiation in farm species, excluding the horse. The 

use of exogenous levels of FSH or other hormones for 

superovuiation has met with limited success in mares 

(Squires et al., 1986). 

Active immunization against inhibin has increased 

ovulation rate in all farm species (sheep-Wheaton et al., 

1992; cattle-Price et al., 1987; pigs-Brown et al., 1990; 

horses-McCue et al., 1992). Other studies have also 

reported the increase in ovulation rate through a passive 
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immunization against inhibin in sheep (Kusina et al., 

1995), cows (Kaneko et al.,1995) and rat (Rivier and 

Vale, 1989) . 

The process of passive immunization allows for a 

shorter immunization period and should not leave a long 

lasting effect in comparison with active immunization. 

Passive immunization induced an increase in FSH secretion 

along with ovulation rate (Kusina et al., 1995; Kaneko et 

al., 1995). However, Schanbacher et al. (1991) reported 

lower levels of circulating FSH in a passive immunization 

group compared with an active immunization group in ewes. 

The shorter time period in passive immunization 

against inhibin would increase acceptance as a commercial 

application by the horse industry. This process also 

would be less invasive and time consuming compared with 

an active immunization process. 

The objectives of this experiment were to determine 

if there was an acute difference in endocrine response to 

inhibin between passively immunized process and actively 

immunized mares and to evaluate differences in body 

condition of mares, ovulation rate, morphology and 
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viability of embryos between the active and passive 

immunization groups and the control group. 

Materials and Methods 

This experiment was performed during the summer of 

1995. Five mares ranging from 3-8 years of age were 

randomly chosen and were housed outdoors at the Texas 

Tech Equine Center under natural photoperiod and 

temperature conditions. All mares were fed a diet of 

alfalfa hay and 12% protein grain with free access to ad 

libitum water. 

Five mares were assigned to the treatment group. 

The treatment group was then prepared for the 

immunization process as described below. Blood was 

collected from one mare showing the highest titer against 

inhibin from the treatment group in experiment #1. Four 

500 mL blood collection bottles were used to collect the 

blood via jugular venipuncture by use of an IV blood 

collection set (Abbott Laboratories, North Chicago, IL). 

Blood samples were stored overnight at 4°C, centrifuged 

and the serum was stored at -20°C until purified and 

concentrated. 

Serum was purified and concentrated for inhibin 

antibodies by Ammonium Precipitation (Wheaton et al., 
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1992). Mares were then synchronized in estrus following 

an injection of PGF2a (Lutalyse)(Upjohn, Kalamazoo, MI) 

Mares were then followed daily through one estrus period 

via palpation and ultrasonography to detect follicle 

growth and ovulation. Fourteen days after ovulation 

mares were injected once daily, via jugular venipuncture 

until two-four days prior ovulation (Ginther et al., 

1983) with concentrated and purified inhibin antiserum to 

maximize FSH synthesis and release. Blood samples (5mL) 

were collected via jugular venipuncture prior the initial 

inhibin antiserum injection and every twelve hours after, 

through the following estrus cycle and ovulation. This 

process was done to influence follicular growth and 

development (Squires et al., 1985). Blood samples were 

stored overnight at 4°C, centrifuged and the serum stored 

at -20°C until assayed. 

The passively immunized group was followed daily 

through estrus via palpation and ultrasonography to 

determine follicular numbers, growth and ovulation. 

Mares were then bred via artificial insemination a 

minimum of three times during the estrus period, with 20 

mL of 500 million motile spermatozoa. 

39 



Mare were flushed and embryos were retrieved via 

the protocol in the experiment one. Embryos were 

evaluated, graded and counted as per the original 

protocol. 

Single aliquots of serum from immunized mares were 

diluted in phosphate buffered saline to 1:10,000 

dilution. Inhibin titer and percent bindings were 

determined by the percent of specific binding of serum 

from immunized mares to iodinated porcine inhibin a 1-32 

Î ^̂  (Peninsula Laboratories) . 

Frequency of more than one embryo per mares were 

determined by chi-square (see experiment 1). Differences 

in mean serum concentrations were analyzed by Proc T-Test 

of SAS (1993). 

Results 

Serum from passively immunized mares against inhibin 

resulted in a titer response of 6.48% binding at a 

1:10,000 dilution (Fig. 4.1, Table 4.2). There was an 

increase in follicular activity after passive 

immunization with follicles greater than 35 mm compared 

with an increase in embryo retrieval rate (Table 4.1, 

Fig. 4.2). Embryo numbers were correlated to the percent 
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binding inhibin (R=.9)(Table 4.2). Embryo numbers were 

increased in treatment group than in average embryo 

retrieved by (p<0.09)(Fig. 4.3). There was no difference 

in embryo quality or morphology in passively immunized 

group compared with the actively immunized group in 

experiment 1 or controls. Mares lost no BCS in either 

the treatment or control group during passive 

immunization against inhibin. 

Discussion 

There has been considerable recent research on 

active immunization against inhibin, which has been 

performed in all domestic livestock species. McCue at 

al. (1992) was able to accomplish an increase in 

ovulation rate in mares after an active immunization 

against inhibin similar to the results in experiment 1. 

Horses do not respond to exogenous endocrine stimuli 

with an increase in follicle activity and ovulation rate 

as cattle do. One possible way to achieve superovuiation 

would be through saving the secondary wave of follicles 

from becoming atretic (Driancourt, 1991). 

Passive immunization in cattle and sheep have 

increased ovulation rate over a shorter period than 

active (Wheaton et al., 1992). Schanbacher (1991) 
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reported that the increase in ovulation rate was not as 

large in passively immunized ewes as in an actively 

immunized group. Yet, there was no report of any abscess 

and lesion in the passive immunization process as there 

has been in active, which is similar to findings in this 

experiment. 

Recent research has reported that there exists a 

dose dependent effect of anti-inhibin titer on FSH 

concentration and ovulation rate. Ewes passively 

immunized against inhibin showed a dose related response 

in increasing serum FSH concentrations and increased 

ovulation rate in ewes (Kusina et al., 1995) and in cows 

(Kaneko et al., 1995). 

Mares used in the passive treatment group for this 

experiment were the control mares in the previous study. 

This research has shown an increase in ovulation rate in 

these mares after minimal success as control mares in the 

previous study to even obtain one embryo. 

This supports earlier work in ewes that were 

passively immunized showed a similar response (Kusina et 

al., 1995). These results together with previous work 

indicate that passive immunization against inhibin in 

mares will increase ovulation rate over a shorter time 

period, with no detrimental body effects on the mares. 
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This process should be more commercially applicable for 

the horse industry. More research needs to be performed 

in mares to evaluate if there is a dose dependant 

reaction against the amount of inhibin antiserum given to 

mares that affects FSH concentration. 
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Table 4.1 Frequency of Follicles Present Greater than 
35mm Compared with Ovulation Rate After Passive 

Immunization Against Inhibin 

Follicles >35mm Embryo # 

Mare S 4 2 

Mare W 3 0 

Mare F 5 3 

Mare Mi 4 2 

Mare H 5 2 
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Table 4.2 Percent Bound Inhibin at 1:10,000 Dilution 
Compared With Embryo Retrival Quantity 

Percent Bound Embryo Quantity 

Mare S 772 2 

Mare W 8.5 0 

Mare H undetectable 2 

Mare Mi 8.7 2 

Mare F 6.9 3 
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Figure 4.1 Percent Bound of Inhibin in Passively 
Immunized Mares at 1:10,000 Dilution 
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Figure 4.2 Embryos Recovered Compared with Follicles 
>35mm Present Prior to Ovulaiton 
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CHAPTER V 

CONCLUSIONS 

The aim of this research was to determine the 

effects of active verses passive immunization against 

inhibin in horses and in addition, to evaluate embryo 

morphology, quantity and quality between the two 

treatment groups and control group, along with evaluate 

body condition of the mares after treatments. 

In experiment 1, active immunization against inhibin 

resulted in an increase in ovulation rate through 

superovuiation of these mares. Mares actively immunized 

against inhibin showed a marked increase in embryo 

numbers compared with control mares. The actively 

immunized group did show a reduction in body condition 

though, due to the abscesses and lesions at the injection 

sites compared with the control group who showed no 

reduction in body condition. 

In experiment 2, mares were passively immunized 

against inhibin, using purified and concentrated serum 

from one mare in experiment 1. This resulted in a higher 

than expected rise in embryo recovery rate over a shorter 

immunization period than in the actively immunized group. 
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without the reduction in body condition as seen in 

actively immunized mares. Yet, the rise in embryo 

recovery rate was not as great in the passively immunized 

group as was in the actively immunized group. If this is 

due to a dose dependent reaction to the levels of the 

antibodies this may be overcome. 

These results suggest that immunization against 

inhibin (both active and passive) can be used to increase 

ovulation rate in mares. This research, however, does 

not rule out other methods of superovuiation that were 

not tested in this study, but is favorable of passive 

immunization against inhibin as a useful tool to 

accomplish it. 
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