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CHAPTER I 

INTRODUCTION 

Gonadotropin releasing hormone (GnRH) controls the 

synthesis and secretion of luteinizing hormone (LH) and 

follicle stimulating hormone (FSH) by the anterior 

pituitary. These hormones are necessary to initiate and 

maintain estrous cycles. Neurons in the hypothalamus 

synthesize GnRH which is released into the hypophyseal 

portal vessels in pulses, and stimulate the anterior 

pituitary to secrete LH and FSH. The ability to manipulate 

the hormones regulated by GnRH can be achieved by 

immunization. Immunization against GnRH has been successful 

in many species including rats (Arimura et al., 1973), sheep 

(Lincoln & Fraser, 1979; Adams & Adams, 1986), horses (Garza 

et al., 1986), pigs {Esbenshade & Britt, 1985; Falvo et al., 

1986) and cattle (Robertson et al., 1981; Johnson et al., 

1988}. Males immunized against GnRH typically have 

decreased sperm production and decreased testicular size 

(Schanbacher, 1984) due to reduced concentrations of LH and 

testosterone. Immunization of females against GnRH will 

prevent ovulation and estrous cycles (Jeffcoate & Keeling, 

1984). 
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Immunization of male calves or sexually mature bulls 

against GnRH would eliminate the surgical procedure of 

castration. This would eliminate stress related weight 

losses, hemorrhage and infection which can be associate with 

castration. 

Heifers growing in pastures and in feedlots are less 

efficient than steers due to excess activity associated with 

estrous cycles and due to pregnancy. If puberty could be 

delayed by immunization against GnRH, these problems could 

be reduced and efficiency of production would be increased. 

The objectives of this experiment were to determine the 

ability of four adjuvants to stimulate antibody production 

against GnRH in heifers and to determine which adjuvant had 

the least inflammatory response at the injection site. 



CHAPTER II 

REVIEW OF LITERATURE 

Puberty in Heifers 

Puberty can simply be defined as when an animal is 

capable of reproducing itself (Robinson, 1977). A more 

complete definition is the time at which a heifer first 

exhibits an increase in progesterone followed by a normal 

luteal phase (Moran et al., 1989). 

Puberty occurs at approximately three to four months of 

age in rabbits, at six to seven months of age in sheep, 

goats and swine, at twelve months in cattle, and at fifteen 

to eighteen months in horses. The age at puberty can be 

influenced by many factors such as breed, nutrition, social 

environment, season and body condition. 

The time at which an animal attains puberty is related 

to its lifetime productivity. Heifers bred to calve at two 

years of age wean more calves in their lifetime than heifers 

that calve at three years of age (Short and Bellows, 1971; 

Nunez-Dominguez et al., 1991). In addition, heifers that 

calve early in the breeding season continue to do so 

3 
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throughout their lifetime and wean heavier calves (Short and 

Bellows, 1971; Lesmeister et al., 1973). Results from Lusby 

et al. (1979), demonstrated that breeding heifers at 30 vs 

24 mo of age improved conception at breeding, rebreeding 

percentages and increased weaning weight of the first calf 

crop. 

Factors influencing age at puberty in heifers. 

Breed. Breeds of cattle differ in the age and weight 

at which they attain puberty (Wiltbank et al., 1966; 

Ferrell, 1982; Laster et al., 1976; Gregory et al., 1978; 

Stewart et al., 1980). Continental European breeds usually 

reach puberty at a younger age but heavier weights than 

Hereford or Angus heifers (Laster et al., 1979). Ferrell 

(1982) also found larger type heifers were younger but 

heavier at puberty than smaller type heifers. Bos taurus 

cattle reach puberty at a younger age than Bos indicus or 

Bos indicus x Bos taurus crosses (Dow et al., 1982; Bolton 

et al., 1987). Heterosis and maternal effects influence age 

at puberty but do not affect weight at puberty (Laster et 

al., 1972). Breeds selected for greater amounts of milk 

production versus beef production reach puberty at a younger 

age and lighter weight (Laster et al., 1979; Baker et al., 

1989). This difference may be related to direct maternal 

effects due to greater preweaning gain of calves nursing 

dams producing more milk (Arije and Wiltbank 1971}. Further 

evidence to support this hypothesis is that the correlation 



between milk production of the dam and age at puberty is 

(-0.88; Laster et al., 1979). 
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Nutrition. Heifers that are fed to achieve greater 

daily gains pre- or postweaning, reach puberty at a younger 

age but are heavier than heifers on a lower plane of 

nutrition (Arije and Wiltbank, 1971; Short and Bellows, 

1971; Grass et al., 1982; Greer et al., 1983; Day et al., 

1984). Total body fat, body weight (BW) and body condition 

score (BCS) at puberty were reported to be greater in full 

fed heifers vs limited or maintenance fed animals (Yelich et 

al., 1991}. Wiltbank et al. (1969} illustrated that there 

is an interaction between nutrient intake and breed for age 

and weight at puberty. Crossbred heifers reached puberty at 

a younger age on a low plane of nutrition, but were heavier 

than straightbreeds on greater nutrient intake. 

Monensin decreases the age at puberty (McCarter et al., 

1979; Bushmich et al., 1980; Mosely et al., 1982). The 

effect of monensin on puberty may be related to the role it 

has in providing additional available energy to heifers for 

growth. Rumen fermentation products, such as acetate, 

propionate and butyrate, supply energy to the heifer for the 

onset of puberty (McCarter et al., 1979; Mosely et al., 

1978). Monensin sodium (C36H61o11Na) is produced by 

streptomyces cinnamonensis (Haney & Hoehn, 1967), and 

functions to shift concentrations of acetic and butyric acid 

to propionic acid. Propionate is a major precursor of 



glucose and therefore increases the available energy to the 

heifer, acting as a higher plane of nutrition. This 

increase in nutrients available to the heifer may be the 

reason for a decrease in age at puberty in monensin fed 

heifers. 
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Another method used to change rumen fermentation 

products is through feeding protein-protected lipids. When 

an encapsulated oilseed supplement was fed to heifers, they 

were more efficient in converting energy to weight gain and 

thus there was a significant increase in the number of 

heifers that attained puberty during the trial (Rhodes et 

al., 1978). Oyedipe et al. (1982) fed three different 

amounts of protein to zebu heifers and found that increasing 

the amount of protein decreased the age to puberty. When 

the plane of nutrition is minimal during the prepubertal 

period, reduced secretion of LH is probably the cause of 

delayed puberty (Day et al., 1986). Average daily gain 

(ADG) and IGF-1 concentrations in serum. are positively 

related to energy intake and weight loss is associated with 

increased growth hormone (GH) concentrations in serum 

(Granger et al., 1989). This is in agreement with other 

studies in which animals fed on a reduced plane of nutrition 

had elevated GH concentrations (Househnecht et al., 1988}. 

Thus, GH concentrations increase when tissue is being 

mobilized to meet requirements for maintenance or growth. 

Changing from an ample to minimal nutrient intake can be 



detrimental, causing an increase in the age at puberty 

(Crichton et al., 1959). 

The effects of nutrition on attainment of puberty is 

magnified when prepubertal growth occurs during the winter. 

Another reproductive trait affected by a reduced plane of 

nutrition is an increase in dystocia (Reid et al., 1960; 

Turman et al., 1965). Feeding a greater amount of nutrient 

causes heifers to come into estrus earlier, become pregnant 

sooner and wean heavier calves (Wiltbank et al., 1985). 

7 

Season and Photoperiod. Reproduction in the bovine 

species is not limited to any particular time of the year. 

However, season may influence when heifers reach sexual 

maturity (Kinder et al., 1987). Heifers born in the spring 

reached puberty earlier than fall born heifers (Menge et 

al., 1960; Grass et al., 1982; Schillo et al., 1982). 

Heifers born in the fall are subjected to an additional 

winter before puberty compared with heifers born in the 

spring (Grass et al., 1982). The earlier onset of puberty 

for spring born heifers may be attributed to photoperiod. 

Increased daylight by use of supplemental lighting after 22 

or 24 weeks of age advanced first ovulation and first estrus 

in heifers born from February to July (Hansen et al., 1983). 

Supplemental lighting also stimulated the rate of body 

weight gain, increased feed efficiency and hastened puberty 

regardless of whether heifers were on moderately restricted 

or ad libitum diets (Petitclerc et al., 1983}. Hansen et 
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al. (1982) suggested that photoperiod affects age at puberty 

by altering the positive feedback actions of estradiol. He 

found a greater release of LH after estradiol injection in 

ovariectomized heifers exposed to 18 hours of light/day 

compared with heifers exposed to natural winter photoperiod. 

Concentrations of prolactin in serum of cattle are 

increased when animals are exposed to increased duration of 

light (Koprowski and Tucker, 1973). Hansen et al. (1983) 

indicated that rate of ovarian growth was greater in heifers 

exposed to supplemental lighting compared with heifers 

exposed to natural lighting. When ovariectomized 

prepubertal heifers were exposed to 18 hours light/day 

during the winter, there was an increase in FSH release and 

greater estradiol-induced LH release (Hansen et al., 1982). 

Roy et al. (1980) suggested that the first estrus was 

associated with four distinct peaks or times within the 

lunar cycle. Greer (1984) disproved this theory with data 

indicating that 556 spring born heifers obtained first 

estrus throughout the lunar cycle. 

These studies suggest that photoperiod and season 

exerts effects on puberty mainly due to environmental 

conditions which stimulate rate of body weight gain and 

secretions of gonadotropins. 

Social Environment. Social environmental changes such 

as presence of males, transportation or relocation of 

environment, electrical stimulation of the cervix and other 
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biostimulators may decrease age at puberty or synchronize 

estrus in many species. Reports concerning how social 

environment influences age at puberty of heifers have been 

controversial, but recent studies indicate that this topic 

may be more important than previously indicated. 

Biostimulation is the stimulatory effect of a male on estrus 

and ovulation through pheromones, genital stimulation or 

other less well-defined external cues (Chenoweth, 1983) . 

Introduction or the presence of a male in a group of females 

will decrease age at puberty in mice (Vandenbergh, 1967; 

Colby and Vandenbergh, 1974) ewes (Cushwa et al., 1992); 

gilts (Brooks and Cole, 1970; Thompson and savage, 1978) and 

synchronize the first estrus in ewe lambs (Drymundsson and 

Lee, 1972). Berardinelli et al. (1978) and Roberson et al. 

(1987) found that long or short term presence of a bull does 

not alter age or weight at puberty. Recently, Roberson et 

al (1991), found that bulls do influence age at puberty of 

heifers. A greater percentage of heifers exposed to bulls 

for 70 days (short term) had luteal activity by 14 mo of age 

compared with heifers that were isolated from bulls. Bull 

exposure decreased the age to puberty even in heifers 

growing at moderate to fast rates. This suggests that 

growth rate interacts with bull exposure to decrease age at 

puberty in heifers. 

It is hypothesized that bull urine will decrease age at 

puberty due to a positive feedback effect on LH secretion 

which stimulates ovarian function (Roberson et al., 1991). 
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Izard and Vandenbergh, (1982) treated heifers oronasally 

with bull urine or water as a control. The urine treated 

heifers reached puberty earlier, and therefore calved 

earlier than controls. It was hypothesized that bull urine 

contains a priming pheromone much like that of the urinary 

priming pheromone produced by male mice. An androgen 

dependent priming pheromone produced by adult male mice 

accelerates puberty in females (Bronson & Whitten, 1968; 

Colby & Vandenbergh, 1974 and Lombardi et al., 1976) by 

shortening the interval between vaginal opening and first 

estrus. 

Serum LH increases within one hour after prepubertal 

female mice are exposed to males (Bronson and Desjardins, 

1974). This increase in LH is followed by an increase in 

serum estradiol within 3-6 hours after male exposure. By 

36-48 hours after male exposure, periovulatory changes in 

serum gonadotropins and plasma progesterone occur (Bronson 

and Desjardins, 1974). 

Another biostimulation that decreased age at puberty in 

rats is electrical stimulation of the cervix (Swingle et 

al., 1951). Electrical stimulation also increased the 

number of anestrous cows that exhibited estrus and ovulated 

within 7 days of treatment (Hays & Carlevaro, 1959). It was 

proposed that the electrical stimulation caused gonadotropin 

secretion. However, Berardinelli et al. (1978) found that 

electrical stimulation did not affect puberty in heifers. 
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Body Weight and Body Condition. Body weight and body 

condition are important factors that influence when puberty 

is initiated, but they are not the only factors because they 

are influenced by nutrition, breed, environment and 

management. Reaching a certain weight does not 

automatically initiate puberty. If a critical weight was 

the primary requirement for puberty, there would be no 

correlations between age and weight or body composition at 

puberty. Feeding greater amounts of energy, pre or 

postweaning to accelerate body growth, will cause heifers to 

reach puberty at a younger age (Crichton et al, 1959; Arije 

and Wiltbank, 1971 and Ferrell, 1982). However, heifers 

reaching puberty due to increased nutrient intake are 

heavier at puberty (Short and Bellows, 1971). Therefore, 

weight is not the only limiting or critical factor that 

determines age at puberty. Frisch and Revelle, (1970) 

suggest that puberty in humans is associated with a common 

body weight rather than a specific age. 

Changes in body fatness which alter the metabolic rate, 

have also been suggested to initiate puberty. This concept 

is based on data from Frishe et al. (1977) where the ratios 

of body water to body weight and body fat at first estrus 

were similar between rats fed on high and low planes of 

nutrition. Siebert and Field (1975) also indicated that 

initiation of estrous cycles is ·closely related to content 

of body fat. They predicted a body fat content of 18.8 to 

21.8 kg at puberty based on body weight and total estimated 
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body water at puberty. Rhodes et al. (1978) fed heifers 

protected lipid supplement which caused greater subcutaneous 

and intramuscular fat deposition, and greater body condition 

scores. Less of these heifers reached puberty than 

controls. Rhodes suggested that decreased plasma GH could 

have been the determining factor for delaying puberty. The 

protected lipid supplement decreased GH levels by decreasing 

ruminal volatile fatty acids, which increased plasma 

triglycerides. 

Endocrine Changes Prior to Puberty. Puberty is a 

process that requires gradual andjor sudden changes in an 

animal's endocrine mechanisms. These changes may begin 

before birth or directly before puberty occurs. 

Concentrations of LH and FSH in plasma increase from birth 

to 3 mo of age in heifers, decrease until 5 to 6 mo of age 

and then increase until 9 mo of age (Schams et al., 1981). 

Dodson et al. (1988) found that concentrations of LH in 

serum decreased from birth to 4 mo of age and then increased 

until 10 mo of age. Concentrations of LH in the pituitary 

increased fourfold from birth to 4 mo of age in heifers, 

varied from 4 to 7 mo and then declined from 7 to 12 mo 

(Desjardins and Hafs, 1968). Frequency of LH pulses 

increase prior to puberty in heifers (Day et al., 1984; Day 

et al., 1987), ewes (Foster & Ryan, 1979) and rats (Bronson, 

1986). Increases in LH pulse frequency may be related to 

increased GnRH secretion (Wantanabe and Terasawa, 1989) . 
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Concentrations of FSH in the pituitary of heifers were 

increased at 1 rna of age, declined at 2 rna, and then changed 

very little up to 12 mo of age. Concentrations of prolactin 

varied greatly between heifers, but were minimal at 40 d 

before the preovulatory LH peak which was the period at 

which GnRH and estradiol-17B in plasma and mammary DNA and 

RNA were greatest (Swanson et al., 1972 and Gonzalez-Padilla 

et al., 1975). However, there are no marked changed in FSH, 

prolactin or GnRH before puberty in ewes and cattle (Foster 

et al., 1975; Gonzalez-Padilla et al., 1975}. Progesterone 

concentrations are less than 1 ngjml from 1 to 9 mo of age 

and increase during the peripubertal period (Gonzalez

Padilla et al., 1975; Swanson et al., 1972; Berardinelli et 

al., 1979). 

The ovary is the source of both the first and second 

increases in concentrations of progesterone prior to puberty 

(Berardinelli et al., 1979). ovariectomy of heifers during 

the first period of elevated progesterone resulted in a 

decline in peripheral progesterone to basal concentrations. 

At ovariectomy after the second rise of progesterone, 

ovaries contained luteal tissue. Therefore, the ovary is 

the source of both increases of progesterone prior to the 

initiation of puberty. The significance of the first 

elevation of progesterone is thought to be a 11 primer 11 for 

the ovulatory system, to insure ovulation at the second LH 

surge. 



14 

The 'gonadostat hypothesis' is the classical 

explanation of how the pubertal increase in plasma LH is of 

sufficient magnitude to initiate ovulation (Ramirez et al., 

1963). According to this hypothesis, LH in plasma is 

maintained at a minimal concentration prior to puberty, due 

to the inhibitory feedback action of estradiol on the 

hypothalamo-pituitary axis. The power of this negative 

feedback decreases as the animal approaches the time of 

puberty. This allows LH secretion to increase to a 

concentration sufficient to stimulate follicle growth, 

resulting in ovulation. Ramirez et al. (1963) studied 

factors that influenced LH secretion and storage in immature 

and adult rats of both sexes. They found that LH was stored 

in the hypophysis, and could be secreted in immature rats. 

In addition, estrogen given to female rats reduced plasma 

and hypophysial concentrations of LH. They concluded that a 

reduction in hypothalamic sensitivity to estrogen inhibition 

could be a factor that controls initiation of puberty. 

Further research has increased the acceptability of the 

gonadostat hypothesis. Prepubertal animals contain greater 

quantities of LH and FSH in their pituitary than adults 

(Bergman and Turner, 1942; Hollandbeck, 1956; Ramirez et 

al., 1963; Parlow et al., 1964). Seidel et al. (1971) 

induced ovulation in 1 month old heifers by administering 

gonadotropins. Therefore, the lack of ability of the ovary 

to respond to gonadotropins and the ability of the pituitary 

to synthesize andfor store gonadotropins is not a factor 



that controls puberty. Injections of GnRH stimulate LH 

release in heifers, with the magnitude of the LH response 

increasing with age (Schams et al., 1981). 
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Naloxone, an opiate peptide antagonist, can stimulate 

LH secretion (Blanket al., 1979). Bhanot and Wilkinson, 

(1983) hypothesized that hypothalamic opiates cause 

suppression of LH pulses by sensitizing the hypothalamus to 

estradiol. In addition, opiate inhibition of LH decreased 

as rats matured. The exact mechanism by which opioid 

inhibition on LH decreases with age is unknown, but one 

theory is that opiate receptors are desensitized as puberty 

approaches, but there is not a decrease in number or 

affinity of opiate receptors (Bhanot and Wilkinson, 1983). 

Estradiol receptors are present in the hypothalamus of 

bovine females as early as 1 to 2 weeks of age (Armstrong et 

al., 1977), but their concentrations decline as puberty 

approaches (Day et al., 1987). Kato et al. (1974) reported 

that the estradiol receptors in the hypothalamus of female 

rats increased from birth to 28 days and then declined until 

puberty. As puberty approaches, gonadotropin inhibition 

through estradiol negative feedback declines in heifers 

(Schillo et al., 1982; Day et al., 1984), ewe lambs (Foster 

and Ryan, 1979), gilts (Berardinelli et al., 1984) and 

female rats (Docke et al., 1981; Docke et al., 1984). The 

mechanism by which the negative feedback of estradiol 

declines is probably due to a decrease in the number of 

estradiol receptors. 
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In summary, the machinery for gonadotropin secretion 

and secretion of releasing hormones are functional in 

immature animals. However, there is a strong negative 

feedback of estradiol at the level of the 

pituitary/hypothalamus to decrease LH secretion. As the 

animal matures, there is a reduction in estradiol receptors 

which allows LH to be secreted at a greater frequency to 

initiate follicular development. The maturing follicle(s) 

will produce estrogen which stimulates uterine growth and 

development. When the follicle reaches a preovulatory 

stage, estradiol induces a surge of gondaotropin and 

ovulation occurs. 

Functions of GnRH in Reproduction 

GnRH is a decapeptide [(pyro} Glu-His-Try-Ser-Tyr-Gly

Leu-Arg-Pro-Gly-NH2] (Matsuo et al., 1971) . GnRH is 

synthesized in pericellular neurons located in various parts 

of the hypothalamus including the arcuate nucleus, anterior 

hypothalamus and preoptic area. GnRH is pulsed into 

capillaries of the hypothalamo-hypophyseal portal blood 

system located in the median eminence (Clarke and cummins, 

1982). Pulses of GnRH stimulate gonadotroph cells in the 

anterior pituitary (Noar and Childs, 1986), causing 

synthesis and pulsatile release of gonadotropins in rats 

(Levine and Duffy, 1988), sheep (Clarke and cummins, 1982), 

rabbits (Pau et al., 1986) and monkeys (Pau et al., 1989). 
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The anterior pituitary is dependent upon the hypothalamus 

for GnRH signals. If the pituitary gland is disconnected 

from the hypothalamus through hypothalamo-pituitary 

disconnection, LH and FSH concentrations decrease (Clarke et 

al., 1983), as well as mRNA for the subunits of the 

gonadotropins (Hamernik et al., 1986). Therefore, pulsatile 

release of GnRH is essential for maintaining secretions of 

LH and FSH (Arimura et al., 1972; Belchetz et al., 1978; 

Gallo, 1980; Clarke and Cummins, 1982). 

There is controversy as to whether GnRH is the primary 

regulator of both FSH and LH, because these two 

gonadotropins have different secretory characteristics. 

concentrations of LH and FSH differ in the circulation, 

whether it be short term (Lincoln, 1978) or long term (Lee 

et al., 1976; Lincoln and Peet, 1977). Another example of 

their differences is seen through their pulsatile release 

patterns (Arimura et al., 1976; Grady et al., 1985). It has 

been proposed that GnRH is able to regulate both 

gonadotropins through its frequency of pulses. A fast 

frequency stimulates LH secretion, while a slower frequency 

release of GnRH stimulates FSH release (Wildt et al., 1981; 

Clarke et al., 1984; Haisenleder et al., 1987; Savoy-Moore & 

Swartz, 1987; wu et al., 1987). The pattern of LH release 

in cows is dependent upon the stage of the estrous cycle 

(Rahe et al., 1980), In the early luteal stage, minimal 

amplitude and rapid frequency pulses were observed. During 

the midluteal stage, pulses were of greater amplitude and 
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less frequency. Therefore, GnRH frequency of release may 

differentially regulate gonadotropin subunit mRNA expression 

to cause secretion of a specific hormone {Dalkin et al., 

1989). 

Culler and Negro-Vilar (1986) suggested that pulsatile 

release of FSH is regulated by a separate factor(s) other 

than GnRH, but agree that GnRH is necessary for maintaining 

secretion of FSH. Bovine follicular fluid has inhibin-like 

activity that is capable of suppressing pulsatile FSH 

secretion while having no effect on LH and prolactin release 

(de Greef et al., 1987). GnRH has an effect on the anterior 

pituitary through GnRH receptors located on the plasma 

membrane of gonadotrophs (Duello and Nett, 1980; Nett et 

al., 1981; Conn et al., 1987). Wise et al {1985) 

demonstrated that the number of GnRH receptors and amount of 

GnRH in circulation is important in determining gonadotroph 

activation. The number of receptors for GnRH in the 

anterior pituitary of cattle decrease on day 19 postestrus 

and remained minimal through day 21 postestrus (Nett et al., 

1987). This suggests that synthesis of LH is initiated and 

the anterior pituitary content is restored before the number 

of receptors for GnRH returns to normal. There is also an 

increase in GnRH receptors before the LH surge and a 

decrease in receptors at the end of the surge (Crowder and 

Nett, 1984; Leung et al., 1984), due to down regulation of 

the receptors {Moenter et al., 1989). GnRH receptor numbers 

can be increased by GnRH itself (Nett et al., 1981; Conn et 



~9 

al., 1984) or through estradiol (Moss et al., 1981; Laws et 

al., 1990). 

Estradiol acts directly on the pituitary to stimulate 

and increase the number of GnRH receptors (Gregg and Nett, 

1989). There are several mechanisms by which GnRH secretion 

and/or its actions are regulated. In the ewe, progesterone 

suppresses LH release by acting at the hypothalamus to 

decrease the frequency of GnRH pulses. The combination of 

progesterone suppressing GnRH release and estradiol 

suppressing the responsiveness of the pituitary to GnRH 

causes the LH pulse amplitude to be decreased (Goodman and 

Karsch, 1980). Exposure of the bovine pituitary to GnRH (in 

vivo) has a self-priming mechanisms, in that a second 

exposure causes an increase in LH release (Foster, 1978). 

In vitro. estradiol increases the ability of GnRH to self

prime, but progesterone alone or in combination with 

estradiol has an inhibitory effect on the self-priming 

mechanism (Padmanabhan et al., 1982). 

Endogenous opioid peptides (EOP) may regulate LH 

secretion by acting on the hypothalamic GnRH pulse generator 

(Kesner et al., 1986), in an ovarian steroid-dependent 

manner (Wu et al., 1991) or a steroid-independent manner (Wu 

et al., 1991). Morphine, an EOP agonist, suppresses the 

preovulatory surge of GnRH into the pituitary portal blood 

of rats (Ching, 1983} and decreases LH pulse frequency 

(Ebling et al., 1989). Naloxone, an opioid antagonist, can 

increase gonadotropin pulse frequency in monkeys (Van Vugt 
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et al., 1984), ewes (Whisnant & Goodman, 1988; Ebling et 

al., 1989; Wu et al., 1991) and cows (Whisnant et al., 1986; 

Leshin et al., 1991). Beta endorphins and met-enkephalins 

are found in the hypophyseal portal blood system in large 

amounts (Wardlaw et al., 1980). Therefore, EOP could 

influence the anterior pituitary to decrease LH release by 

two ways. EOP could inhibit GnRH release through GnRH 

neurons that have opioid receptors, modulation of other 

neurons that excite GnRH (Malven, 1986), by affecting 

pituitary receptors for GnRH (Barkan et al., 1983), or 

through ovarian steroids (Rund et al., 1989). 

Active Immunization 

Antibody Production. An animal obtains active immunity 

when its body develops antibodies or activated lymphocytes 

in response to an invasion of the body by a foreign antigen. 

Vaccinations cause acquired active immunity. Organisms such 

as Mycobacterium tuberculosis in FCA is dried and heat 

killed, making it no longer harmful. However, it still 

contains the chemical antigen to stimulate antibody 

formation. Production of antibodies vary between 

individuals as well as species. 
0 

Antibody production can be measured by an animal's 

titer against the antigen, and can determined by the ability 

of serum to bind a radiolabeled antigen. Antibody titers 

are expressed as the percentage of radioactivity bound at a 
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particular serum dilution or as a dilution which binds a 

predetermined quantity of radiolabeled antigen (Jeffcoate & 

Keeling, 1984). 

Booster immunizations can be given to enhance antibody 

titers, with the number of booster immunizations needed to 

cause a significant response varying between individuals and 

species. In studies designed to produce antibodies against 

GnRH, between 0.2 and 1.0 mg of a GnRH conjugate have been 

used. While a minimum dose range of GnRH conjugate has not 

been determined in animals, as little as 50 ug has been 

successfully used in the immunization of sheep, cattle and 

horses (Schanbacher, 1982). 

Site of injection does not seem to affect antibody 

production against GnRH. Most immunizations utilize the 

multiple intradermal site technique (Arimura et al., 1973; 

Fraser et al., 1974; Jeffcoate et al., 1976). Other 

immunization sites include subcutaneous (Clarke et al., 

1978), intramuscular (Rosenblum and Schlaff, 1976) and lymph 

node (Kerdelhue et al., 1976). 

Environmental differences can also affect antibody 

response to antigens. Changes in temperature, humidity and 

animal density or social stress alters antibody response in 

mammals (Kelley, 1980). 

carrier Protein. For a substance to be antigenic, it 

usually requires a molecular weight (MW) of 8000 kDa or 

greater. The MW of GnRH {1183) requires that it is attached 
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to a larger carrier molecule to enhance its antigenicity. 

An animal will produce the most effective and reliable 

antisera titers against a protein (Fraser, 1980). Protein 

and nonprotein carriers that have been used for immunization 

against GnRH are tetanus toxoid (Ladd et al., 1989; Upadhyay 

et al., 1989), Alhydrogel (Jeffcoate et al., 1976), 

polyvinylpyrrolidone (Arimura et al., 1973), charcoal (Pique 

et al., 1978), thyroglobulin (Bercu et al., 1977), keyhole 

limpet haemocyanin (KLH; Adams & Adams, 1986), ovalbumin and 

equine serum albumin (Goubau et al., 1989a), human serum 

albumin (Schanbacher, 1982), and bovine serum albumin (BSA; 

Koch et al., 1973; Nett et al., 1973; Fraser et al., 1974; 

Hauger et al., 1977; Copeland et al., 1979; Garza et al., 

1988; Traywick and Esbenshade, 1988}. In most of the 

studies reviewed, BSA was the carrier protein of choice for 

use in species other than bovine. Ovalbumin, human serum 

albumin (HSA) and human serum globulin (HSG) are carriers 

for immunization of the bovine species (Schanbacher, 1984; 

Hoskinson et al., 1990; o•connell, 1990). A recent study 

evaluating ovalbumin and KLH on the antigenicity of LH in 

heifers demonstrated that ovalbumin was the superior protein 

based on antibody production (Roberts et al., 1990). 

conjugation. Several methods have been utilized in 

order to conjugate or join GnRH to a carrier protein. The 

simplest and most frequently used conjugation method is the 

carbodiimide reaction (Fraser et al., 1974). The GnRH 
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molecule does not contain a free amino or carboxyl group, it 

is attached to a carrier protein at the hydroxyl group on 

serine or tyrosine (Fraser, 1980). 

Two less frequently used techniques are diazotization 

and the glutaraldyde condensation reaction. In the 

diazotization technique, the conjugating agent, bis 

diazotized, incorporates two carbon rings between GnRH and 

the protein carrier (Fraser et al., 1974). The 

glutaraldehyde condensation reaction polymerizes GnRH with a 

protein carrier (Arimura et al., 1974; Jeffcoate and 

Keeling, 1984). 

Adjuvants 

An adjuvant will enhance an immune response by slowing 

the release of an antigen into the body (Tizard et al., 

1984). Many different adjuvants have been used to immunize 

animals against GnRH, but the most successful and consistent 

adjuvant in eliciting an immune response against a GnRH 

conjugate is Freund's complete adjuvant (FCA; Johnson et 

al., 1988; Goubau et al., 1989b). Freund's complete 

adjuvant is composed of an emulsifier, mineral oil (MO), and 

dried heat killed Mycobacterium tuberculosis. 

Unfortunately, there are disadvantages associated with FCA 

use. A local inflammatory response at treatment sites can 

result in granuloma production which ranges from small 

visible granulomas to open lesions. In addition, immunized 

animals will test positively to the tuberculin test due to 
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the presence of the mycobacterial cell wall fraction 

(Robertson et al., 1984). These two major disadvantages of 

FCA makes it unacceptable for commercial use. Therefore, an 

adjuvant that will elicit an immune response without a major 

local inflammatory response must be identified to produce a 

satisfactory vaccine against GnRH. 

Bortella pertussis in combination with FCA has been 

evaluated as a potential adjuvant (Fraser et al., 1975; 

Fraser, 1980; Schanbacher, 1982). This combination elicits 

an immune response, but the response is not comparable to 

FCA used alone. Eide et al. (1992) modified FCA by 

utilizing 1 mgjml sonicated Mycobacterium paratuberculosis 

added to Freund's incomplete adjuvant (FIA). This same 

study demonstrated that mixing the antigens diptheria toxoid 

and HSA, will not elicit a greater antibody response 

compared with separate injections of the two antigens. 

Freund's incomplete adjuvant has the same chemical 

makeup as FCA, excluding heat killed Mycobacterium 

tuberculosis. This adjuvant is less potent than FCA and is 

usually chosen as the booster adjuvant when FCA is used for 

the primary immunization. 

Goubau et al. (1989b) evaluated six adjuvants in the 

immunization of steers and bulls against GnRH. Adjuvants 

tested were FCA, Havlogen, Ribi adjuvant system (RAS), 

dimethyl dioctadecyl ammonium bromide (DDA), alhydrogel or 

Regressin. Results indicate that alhydrogel and DDA 

stimulated production of GnRH antibodies, but not to the 
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degree that FCA caused antibody production. Halvogen, 

Regressin and RAS were not successful in producing 

significant titers against GnRH. In contrast, Silversides 

et al. (1988) found that Havlogen and DDA were effective 

when used in the immunization of mice against GnRH. 

However, in this same study, FCA was found to be a poor 

adjuvant which is inconsistent with most studies (Jeffcoate 

et al., 1982; Goubau et al., 1989b). 

Polycations have a strong affinity for cell surfaces 

which can result in stimulation of macromolecule uptake, RNA 

and DNA uptake from virus, increased adhesion to surfaces 

and increased aggregation of cells. Polycationic compounds 

such as polylysine, DEAE dextran protamine, methylated HSA, 

and protamine sulphate were observed to suppress the PHA

and con A-induced responses of human lymphocytes (Larsen and 

Heron, 1978) . sixty percent of an antigen in combination 

with DEAE dextran can be recovered in the lymph after 24 

hours. In comparison, 80-90% of antigen injected alone and 

15% of antigen and FIA used in combination was recovered in 

lymph after 24 hours (Beh and Lascelles, 1985). These 

results suggest that cellular uptake of mitogens may be 

increased by polycationic compounds (Larsen and Heron, 

1978). 

The adjuvant M103, which contains 63% oil, 37% water 

and Quillaha saponin was found to be comparable to FCA in 

its ability to induce and maintain antibody production 

against human chorionic gonadotropin (hCG) in heifers 
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(Johnson et al., 1988). However, this adjuvant was less 

effective than FCA when used to immunize heifers against LH 

or GnRH. 

Adjuvant B, an experimental adjuvant, is as effective 

as FCA in inducing an antibody response against GnRH-KLH in 

mice and rats (Gonzalez et al., 1991). However, these data 

indicate that FCA does not produce granulomas which is 

inconsistent with most literature. 

In a study by Hoskinson et al. (1990), 2 to 7 wk old 

rams were immunized against GnRH-BSA emulsified in DEAE 

dextran, a mineral oil emulsion, or an emulsion of DEAE 

dextran in mineral oil. A booster immunization was given at 

9 wk of age. This study indicated that the mixed adjuvant 

system stimulated a titer sufficient to reduce testicular 

weight 40 d postbooster immunization, and was a superior 

adjuvant system over the separate adjuvants of mineral oil 

or DEAE dextran. 

Various aqueous and MO containing adjuvants were 

studied to determine what the superior adjuvant was in 

stimulating antibody production against LH-ovalbumin. 

Adjuvants with greater than 50% oil produced a greater 

antibody response than those with less than 50% oil (Roberts 

et al., 1990). 

A stable water-in-oil emulsion is difficult to achieve 

(Becher, 1966) and requires a thoroughly mixed suspension of 

the water-in-oil adjuvant and antigen. A suspension is 

usually achieved by the two syringe method, where two 
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syringes are joined together via a three-way valve and the 

mixture is forced expulsed into each syringe until a 

consistent emulsion is obtained. The emulsion is 

satisfactorily mixed when a drop of emulsion does not break 

in water. Instruction sheets for Titer Max (CytRx Corp., 

Norcross, GA), a newly formulated adjuvant, suggests the 

following routine for successful emulsification. The first 

suggestion is to use syringes with hydrophobic surfaces that 

will bind oil and not water, which induces the aqueous phase 

to form drops. Secondly, adding water in small aliquots 

will help the oil surround water. Thirdly, forcing the 

water phase into the oil phase will also contribute to oil 

surrounding a water droplet. A fourth suggestion is to 

vigorously mix the suspension to reduce the size of the 

water drops, which increases the emulsions stability. 

Hunter's Titer Max #R-1 is a recently patented adjuvant 

containing three ingredients: cytRx's block copolymer CRL89-

41; squalene; and a microparticulate stabilizer (CytRx corp. 

Norcross, GA). Copolymers are composed of blocks or chains 

of hydrophilic polyoxyethylene (POE) and blocks of 

hydrophobic polyoxypropylene (POP). Varying the length of 

the POE and POP chains can produce major changes in 

biological activity (Hunter et al., 1981). The CRL89-41 

copolymer used in Titer Max was developed by CytRX 

corporation. Copolymers were found to stimulate macrophages 

(Howerton et al., 1990) and to activate complement (Hunter & 

Bennett, 1984). The activation of complement influences the 
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localization and retention of an antigen in lymphoid tissue 

and the activation of immunoreactive cells. A 

microparticulate stabilizer was incorporated into Titer-Max 

to stabilized the water-in-oil emulsion (Becher, 1966). 

Hunter et al. (1989) demonstrated in mice, rats, guinea pigs 

and rabbits that Hunter's Titer Max #R-1 produced 

significant titers against GnRH. Even though small 

laboratory animals may use this as an alternative adjuvant 

to FCA, the efficiently of Titer Max has not been 

demonstrated in ruminants. 

Active Immunization against GnRH 

If an animal is immunized against GnRH, antibody titers 

will increase and block the endogenous actions of GnRH to 

release gonadotropins. This will cause the cessation of 

estrous cycles, gonadal atrophy and degenerative 

spermatogenesis. Antibody titers that affect reproductive 

performance can be maintained or re-established after titers 

decline by booster immunizations. If antibody titers are 

allowed to decline, reproductive performance can be re

established. Immunization against GnRH could be an 

effective method to control fertility in males and females 

or to increase the pasture and feedlot performance of beef 

heifers due to the lack of estrous cycles and pregnancies. 
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Active Immunization in the Male 

Luteinizing hormone in the male regulates 

steroidogenesis in the Leydig cells of the testis and 

stimulates testosterone production which is necessary for 

maintenance of spermatogenesis (Cunningham & Huckins, 1979; 

Awoniyi et al., 1989; Zirkin et al., 1989). Active 

immunization against GnRH has been achieved in male rats 

(Fraser et al., 1982b), rabbits (Arimura et al., 1973), dogs 

(Schanbacher et al., 1982; English et al., 1983), pigs 

(Falvo et al., 1986), sheep (Jeffcoate et al., 1982; 

Schanbacher, 1982) and cattle (Robertson et al., 1982; 

Jeffcoate et al., 1982; Schanbacher, 1984). Immunization of 

males against GnRH typically causes atrophy of the testes 

and a decrease in plasma concentrations of LH and 

testosterone (T), decreased libido, decreased GnRH binding 

to gonadotroph cells and decreased spermatogonial content in 

the testes. Spermatogenesis is dependent upon 

intratesticular concentration of T and sperm production is 

correlated with testis size (Amann & Schanbacher, 1983). 

Therefore, when immunization causes a decline in 

concentrations of LH and T, testis size will reduce and 

decreased spermatogenesis will ensue. Immunization of dogs 

against GnRH causes not only testicular atrophy, but also a 

collapse of seminiferous tubules with only a few 

spermatogonia and primary spermatocytes in the epithelium. 

(Schanbacher et al., 1983). A decrease in libido has also 

been observed in rats (Fraser et al., 1974; Ladd et al., 
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1989), rabbits (Arimura, 1973) and monkeys (Chappel et al., 

1980) after immunization against GnRH. 

The primary mode of action of antibodies against GnRH 

is probably through interception of GnRH in the pituitary 

portal vessels (Schanbacher, 1984). There is only a slight 

chance that antibodies may not be able to cross the blood

brain barrier to react with GnRH in the hypothalamic region 

(Hokfelt et al., 1976). Boars immunized against GnRH 

produced antibody titers that reduced plasma LH and T, 

resulting in atrophy of the testes and accessory sex glands. 

No effects were observed on average daily gain, hot carcass 

weight or loin eye area, but boar taint was reduced (Falvo 

et al., 1986). 

Active immunization could have valuable applications in 

the field of fertility control of dogs and be an alternative 

to castration in pigs and cattle. Immunization would 

provide an alternative to surgical castration and problems 

associated with it such as hemorrhage, infection and weight 

loss. 

Active Immunization in Females. Immunization against 

GnRH has been successful in ewes (Clarke et al., 1978; Adams 

and Adams, 1986; McNeilly et al., 1986), gilts (Esbenshade 

and Britt, 1985), heifers (Johnson et al., 1988; Wettemann 

and Castree, 1988; Adams and Adams, 1990a), mares (Garza et 

al., 1986), mice (Silversides et al., 1988), monkeys 

(McCormack et al., 1977; Fraser, 1983) and rats (Arimura et 
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al., 1974; Fraser and Baker, 1978). Immunization of females 

against GnRH will cause cessation of estrous cycles due to 

elimination of the preovulatory surge of LH. 

Ewes immunized against GnRH had reduced pituitary 

stores of LH and FSH (Adams and Adams, 1986). Under a 

continual booster regimen, ovarian cyclicity was inhibited 

throughout two subsequent breeding seasons in immunized ewes 

(McNeilly et al., 1986). Active immunization against GnRH 

in gilts reduced LH, FSH and gonadal steroid levels 

sufficiently to produce acyclic performance by wk 10 of the 

experiment (Esbenshade and Britt, 1985). Feedlot heifers 

immunized against GnRH, had reduced weight gains (Adams and 

Adams, 1990a). However, it has been demonstrated that this 

nonprofitable effect can be reversed by supplemental 

implantation of Synovex H (Adams and Adams, 1990b). Mares 

immunized against GnRH had similar reproductive 

characteristics as seasonal anestrous mares (Garza et al., 

1986). Active immunization of stumptailed macaque monkeys 

against GnRH produced titers that were capable of causing 

amenorrhea. Concentrations of luteinizing hormone and FSH 

declined with increasing antibody titers, causing a 

reduction in serum concentrations of 17 beta-estradiol and 

an increase in concentrations of progesterone (Fraser & 

McNeilly, 1983). The absence of ovulation in rats due to 

immunization against GnRH was identified by the cessation of 

regular cyclic patterns of vaginal smears and absence of 

luteal tissue (Fraser and Baker, 1978). Ovulation was 



inhibited for six months in immunized rats, but follicular 

development was dependent upon titer concentrations (Koch, 

1977). After 12 weeks post immunization, rat ovaries 

contained antral and cystic follicles. This suggests that 

folliculogenesis occurs up to the antral stage and becomes 

cystic due to the absence of the ovulatory LH surge. 
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When the pituitary is separated from hypothalamic 

stimulation, there is secretion of prolactin and hypertrophy 

and hyperplasia of mammotrophe cells (Nikitovitch-Winer and 

Everett, 1959; Clarke et al., 1.983). Blockage of the 

hypothalamus stimulation of the pituitary by antibodies 

against GnRH does not affect prolactin stores in the rat 

(Fraser et al., 1975), gilts (Esbenshade and Britt, 1985) 

and ewes (Adams and Adams, 1986). Seasonal changes in 

concentrations of prolactin exist in ewes immunized against 

GnRH (Clarke et al., 1978). Concentrations of prolactin 

decreased at the onset of estrus in both control ewes and 

ewes immunized against GnRH. However, concentrations of 

prolactin in ewes immunized against GnRH increased 

significantly over control ewes within three months. It is 

hypothesized that the increased concentration of prolactin 

observed in ewes immunized against GnRH was due to the 

minimal concentrations of progesterone and the normal 

concentrations of estrogen. 

Passive Immunization against GnRH. Passive 

immunization against GnRH can be achieved by infusing anti-
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GnRH serum into the systemic circulation of an animal. The 

anti-GnRH serum can be obtained from actively immunized 

animals of the same species. Passive immunization is a 

technique to study the effects of GnRH by acutely blocking 

its endogenous actions. By use of passive immunization 

against GnRH, it has been demonstrated that LH secretion is 

dependent upon GnRH (Lincoln and Fraser, 1979). The 

estradiol induced surge of LH is a product of estrogenic 

action at hypothalamic and pituitary loci (Herman and Adams, 

1990) and the secretion of estradiol from the preovulatory 

follicle is dependent upon the secretion of LH (McNeilly et 

al., 1984). The consequences of passively immunizing 

animals against GnRH is basically the same as active 

immunization, except where time of action is concerned. 

There is an immediate response of LH due to the 

neutralization of GnRH through passive immunization. 

Passive immunization of GnRH can prevent the preovulatory 

surge of LH in rats (Arimura et al., 1974) and ewes (Fraser 

and McNeilly, 1982 & 1983; Herman & Adams, 1990). 

Neutralization of GnRH in rams (Lincoln and Fraser, 1979) 

and hamsters (Bartke et al., 1987) by administration of 

antibodies against GnRH caused cessation of LH and 

testosterone secretions. Partial recovery of pituitary LH 

after administration of antisera against GnRH was observed 

after 24 days in rams. This is in agreement with studies in 

rats (Hauger et al., 1977). 



34 

FSH, in contrast to LH, is not dependent upon short

term changes in GnRH release. Injection of GnRH antibodies 

before the preovulatory gonadotropin surge will prevent the 

surge of FSH and LH in the rat (Arimura et al., 1974) and 

ewe (Fraser and McNeilly, 1982). The second increase in 

FSH, occurring on the morning of estrus in the rat and ewe, 

cannot be prevented by the administration of GnRH antibodies 

after the first FSH surge (Narayana and Dobson, 1979; Blake 

and Kelch, 1981). For this reason, most studies indicate 

that FSH is unaffected by administering antibodies against 

GnRH (Fraser and McNeilly, 1983; Herman & Adams, 1990). In 

a study by Herman and Adams (1990), suppression of FSH was a 

slow process that was not significant until 76 h after 

infusion of GnRH antiserum. They suggested that GnRH has a 

permissive role on the secretion of FSH. Bartke (1987) 

reported a significant reduction of plasma FSH in hamsters 

passively immunized against GnRH. 

Passive immunization against GnRH can be used as a tool 

to investigate the physiological requirements of GnRH in 

reproduction. However, the amount of antiserum required and 

repeated injection make passive immunization unacceptable as 

a means of fertility control. 

Immunization against Luteinizing Hormone 

Immunization against LH has been successful in cyclic 

cows and heifers (De Silva et al., 1986; Johnson et al., 
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1988; Roberts et al., 1990), rams (Schanbacher, 1985), bull 

calves (Schanbacher, 1985), boars (Falvo et al., 1986) and 

rats (Laurence & Ichikawa, 1968). The estrous cycle of cows 

was abolished by immunizing against LH without interrupting 

follicular growth and steroidogenesis (De Silva et al., 

1986). Immunization of rats against bovine LH also resulted 

in suppressed ovulation, but no adverse follicular 

development (Laurence and Ichikawa, 1968). 

Antibodies against LH in the sera of immunized bulls 

successfully neutralized the actions of endogenous LH 

(Schanbacher, 1985). Concentrations of testosterone were 

suppressed, testes size and weight gain were decreased and 

there was a lack of development of secondary sex 

characteristics. Only rams with the greatest titers against 

LH exhibited neutralized LH characteristics, suggesting a 

booster immunization was needed to reach the goal of 

immunocastration. Immunization of boars against LH had no 

effect on testicular weight and average daily gain (Falvo et 

al., 1986). Plasma LH was not determined, but there was a 

decline in concentrations of testosterone in plasma with a 

concomitant reduction in accessory sex gland weight. Boar 

taint was reduced in immunized animals (Falvo et al., 1986). 

Reversibility of immunization against GnRH 

Active immunization against GnRH will cause cessation 

of the estrous cycle in females and testis atrophy and 



degenerative spermatogenesis in males. There have been 

attempts to reverse the consequences of immunization by 

pulsing GnRH or a GnRH analog into immunized animals. 
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Pulsatile administration of GnRH induces follicular 

growth that leads to ovulation in prepubertal gilts 

(Carpenter and Anderson, 1985; Lutz et al., 1985) as well as 

lactating and anestrous sows (Cox and Britt, 1982; Armstrong 

and Britt, 1985). An analog of GnRH causes similar actions 

as endogenous GnRH. Injections of some GnRH analogs do not 

cross-react with endogenous antibodies against GnRH produced 

after immunization and therefore will cause release of LH 

and FSH. However, levels of LH necessary to initiate 

ovulation are not achieved by injections of GnRH analogs in 

gilts immunized against GnRH (Clarke et al., 1978; 

Esbenshade and Britt, 1985; Traywick and Esbenshade, 1988). 

Other studies have tested different GnRH analogs, doses and 

lengths of administration to find a method of reversibility 

for immunized animals, and most combinations increase LH and 

FSH levels, but estrous cycles (Traywick & Esbenshade, 

1988), steroidogenesis and testis weight (Sabeur & Adams, 

1989) can not be restored to normal values. Administration 

of the GnRH analog, des-Gly10 GnRH ethylamide (100 ngfhr) 

increased LH secretion in ewes immunized against GnRH within 

two days, with concentrations of LH similar to those in 

control ewes by six days (Adams and Adams, 1986). Pulsatile 

GnRH administration for 72 or 144 hr (100 ng/2 hr) did not 

induce follicular growth or ovulation in gilts immunized 
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against GnRH (Traywick and Esbenshade, 1988). Pulsatile 

administration of an analog for 10 days (400 ngjhr) 

increased concentrations of serum LH and testosterone in 

rams, but testosterone concentrations were only partially 

restored with no increase in testicular weight (Sabeur and 

Adams, 1989). Exogenous gonadotropin administered for 9 d 

at 6 h intervals was not sufficient to stimulate follicular 

growth in gilts immunized against GnRH {Traywick and 

Esbenshade, 1988). Pulsatile administration of a GnRH analog 

increased the secretion of LH in passive immunized ewes. 

However, FSH concentrations were not influenced by the GnRH 

analog (Herman and Adams, 1990). O'Connell et al. (1990) 

found that pulsatile infusion of an analog to GnRH for 14 d 

increased concentrations of LH and LH pulse amplitude, but 

not to a concentration that would reverse the suppressive 

effects of immunization against GnRH on reproductive 

function. 

Male rat pituitaries require endogenous GnRH exposure 

to maintain GnRH receptors {Frager et al, 1981; Clayton et 

al., 1982). A lack of GnRH receptors in animals immunized 

against GnRH suggests that administration of a GnRH analog 

may not cause LH to be synthesized and secreted at normal 

concentrations. 

The only known way to reverse the actions of 

immunization is through a natural decline in antibody titers 

against GnRH. Estrous cycles in ewes immunized against GnRH 

were reinitiated at 1 to 2 years after immunization. 
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Conception and birth followed the onset of regained cycles 

with no detrimental effects on the offspring (Keeling and 

Crighton, 1984). Testicular regeneration was reported to 

occur in rams 1 to 2 years after immunization (Keeling and 

Crighton, 1984). Wettemann and Castree (1988) demonstrated 

that after estrous cycles of heifers that were immunized 

against GnRH were reinitiated, through a natural decline in 

GnRH antibody titers, booster immunizations caused cessation 

of estrous cycles for approximately two months. Upadhyay 

(1989) found that drastic atrophic changes in the epididymal 

ducts of rats indicate that prolonged immunization could 

cause irreversible testicular damage even though titers 

against GnRH declined. In conclusion, reversibility of 

immunization of animals against GnRH can be achieved through 

a natural decline in antibody titers. However, continual 

stimulation of antibody titers through booster immunizations 

may permanently affect an animals reproductive capabilities. 

Many species can be actively and passively immunized 

against GnRH. Immunization of males against GnRH causes 

atrophy of the testes and a decrease in plasma 

concentrations of LH and T, decreased libido and decreased 

spermatogenesis in the testes. Immunization of females 

against GnRH causes cessation of estrous cycles due to 

elimination of the preovulatory surge of LH. Reversibility 

of immunization of animals against GnRH can only be achieved 

thorough a natural decline in antibody titers. In addition, 

continual stimulation of antibody titers through booster 
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immunizations may permanently affect an animals reproductive 

capabilities. Additional studies on different analogs, 

intensity of stimulation, and duration of treatment are 

needed to determine if administration of an analog can 

reverse the effects of immunization against GnRH. 



CHAPTER III 

IMMUNIZATION OF HEIFERS AGAINST 

GONADOTROPIN RELEASING HORMONE: EFFECTIVENESS OF ADJUVANTS 

ABSTRACT 

Prepuberal Angus x Hereford heifers at 11 + 1 mo of age 

and 212 ± 16 kg BW were used to evaluate the effectiveness 

of four adjuvants for active immunization against GnRH. 

Heifers (n=30) were randomly allocated to five treatments. 

Control heifers were immunized against human serum albumin 

(HSA) emulsified in Freund's complete adjuvant (FCA). The 

other four adjuvant treatments contained GnRH conjugated to 

HSA (GnRH-HSA) emulsified in either FCA, Freund 1 s incomplete 

adjuvant (FIA), DEAE dextran (DD) +mineral oil (MO) or DEAE 

dextran + FIA. Heifers were immunized subcutaneously and 

intradermally at six sites in the mammary gland. Booster 

immunizations were given at 3 and 12 wk after the primary 

immunization to enhance antibody production against GnRH. 

Freund 1 s incomplete adjuvant was used for the booster 

immunization of the control, FCA and FIA treatment groups. 

Heifers on DD+MO and DD+FIA treatments were boostered with 

the same adjuvants used for primary immunizations. Jugular 

blood samples were obtained weekly for 29 wk from all 

heifers for determination of antibody titers against GnRH 
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and concentrations of LH and progesterone. An udder scoring 

system was devised to evaluate growth of granulomas at 

injection sites in the udder. Body condition scores (BCS) 

and body weight (BW; shrunk) were recorded monthly for 30 

wk. Within two weeks after each booster, antibody titers 

against GnRH for heifers on FCA, DD+MO or DD+FIA treatments 

were greater than titers for heifers on control or FIA 

treatments (P<.Ol). Mean concentrations of LH in serum were 

not different between treatment groups. Luteal activity, 

defined as ~ 2 ngjml progesterone for two consecutive wk, 

was not significantly different between treatment groups. 

At the onset of puberty, titers against GnRH were greater in 

fCA, DD+FIA and DD+MO treated heifers (17,35,24% 

respectively} than in control and FIA heifers (4,6% 

respectively). However, titers against GnRH were 

insufficient to prevent ovulation. Mean BW was reduced in 

the FCA treated heifers compared with DD+MO, DD+FIA and FIA 

heifers. Differences in mean BW was not significant between 

control and DD+FIA immunized heifers, or between DD+MO and 

FIA treated heifers. BCS were not influenced by treatment. 

At wk 30, heifers immunized with DD+MO and DD+FIA had less 

granulomas at injection sites in the mammary glands than 

heifers treated with FCA (P<.OOl). We conclude that DD+MO 

and DD+FIA are effective adjuvants to immunize heifers 

against GnRH, producing a sufficient antibody response with 

minimal granuloma production at the injection site. 
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Introduction 

Gonadotropin releasing hormone (GnRH) is a decapeptide 

produced in the hypothalamus which controls the synthesis 

and secretion of gonadotropins. Immunization of heifers 

against GnRH results in delayed puberty (Wettemann and 

Castree, 1988; O'Connell and Wettemann, 1989). Ovulation is 

blocked in immunized heifers, due to decreased secretion of 

LH. LH secretion is necessary for the initiation of estrous 

cycles and the onset of puberty. 

Since GnRH is a small peptide, it must be conjugated to 

a carrier protein and emulsified in an adjuvant to increase 

its immunogenicity. Carrier proteins enhance the 

immunogencity of GnRH by increasing its size (Fraser, 1980), 

while adjuvants enhance the immune response by slowing the 

release of the antigen into the body (Tizard et al., 1984). 

Freund's complete adjuvant is a satisfactory adjuvant 

(Goubau et al., 1989b; Wettemann and Castree, 1988). 

However, two problems associated with the use of FCA are 

granuloma production at the site of injection and a positive 

response to the tuberculin test (Robertson et al., 1984}, 

due to the mycobacterial cell wall fraction in FCA. Use of 

DEAE dextran in combination with FIA, elicited a greater 
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response than if each adjuvant was used alone (Hoskinson et 

al., 1990). 

Heifers growing on pasture or in the feedlot have less 

efficient gains compared with steers due to excess activity 

associated with estrous cycles or pregnancy. If puberty 

could be delayed in heifers, these problems could be reduced 

and efficiency of production would be increased. The 

objectives of this experiment were to determine the ability 

of four adjuvants to stimulate antibody production against 

GnRH and to determine which adjuvant caused the least 

inflammatory response at injection sites. 

MATERIALS AND METHODS 

Thirty prepuberal Angus x Hereford heifers, maintained 

on range conditions, weighing 212 + 16 kg at 11 ± 1 month of 

age were utilized. Heifers were randomly allocated to five 

treatments. Control heifers were immunized with human serum 

albumin (HSA; 1.4 mg in 2 ml of saline/heifer; Sigma 

Chemical co., St. Louis Mo.) emulsified in Freund's complete 

adjuvant (FCA; Sigma Chemical Co.). A 33% solution of DEAE 

dextran (Sigma Chemical Co., St. Louis Mo.) was prepared in 

saline. Immunized heifers received GnRH-HSA (50 ug of GnRH; 

Sigma Chemical Co.; conjugated to 1.4 mg of HSA in 2 ml 

saline) emulsified in FCA, Fruend's incomplete adjuvant 

(FIA; Sigma Chemical Co.), DEAE dextran+ Mineral Oil 

(DD+MO) or DD+FIA (2 mlfheifer). Primary immunization were 



44 

given on wk o. Primary immunization injections (a total of 

4 ml) were given subcutaneously and intradermally at six 

sites in the mammary gland. Booster immunizations were 

given at 3 and 12 wk after the primary immunization to 

enhance antibody production against GnRH. FIA was used as 

the adjuvant to booster the control, FCA and FIA treatments. 

Booster immunizations for heifers on DD+MO and DD+FIA 

treatments were boostered with the same adjuvants used for 

the primary immunization. 

Blood was obtained (30 ml) weekly by jugular 

venipuncture for 30 wk. Blood was divided into two tubes. 

One subsample (15 ml) was used for serum, and plasma was 

"obtained from one tube by adding .1.3 mg of oxalic acid. 

Both tubes were placed on ice immediately after collection. 

Serum samples were maintained at 40 c for 24 h, centrifuged 

(20 min, 2800 x g), and serum was decanted and stored at 

-20° c until antibody titers against GnRH and LH 

concentrations (Bishop and Wettemann, 1993) were determined. 

Plasma samples were centrifuged (20 min 2800 x g) within 3 h 

after collection, decanted and stored at -20 c until 

progesterone concentrations were quantified by 

radioimmunoassay (Bishop and Wettemann, 1993). 

BW (12-15 h shrunk) and BCS were recorded monthly. BCS 

were based on a scale from one to nine, with 1 = emaciated 

and 9 =obese (Wagner et al., 1988). 

An udder scoring system was devised to record the 

production of granulomas. This system was based on a scale 
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from one to six; 1 = no granulomas present by sight or 

touch, 2 = few or small granulomas present by touch, 3 = 

many or large present by touch, 4 = few or small present by 

sight, 5 = many or large granulomas present by sight and 6 = 

open lesions. Mammary gland scores were recorded monthly 

for each heifer. 

Heifers were actively immunized against GnRH that was 

conjugated to human serum albumin (GnRH-HSA) by the 

carbodiimide reaction (Fraser et al., 1974). HSA (25 mg) 

was added to a vial {12 ml) containing GnRH (25 mg; Sigma 

Chemical Co., St. Louis MO.), followed by 74.4 mg of 1-

ethyl-3(3-dimethylamino)-propylcarbodiimide hydrochloride 

-(JBL Scientific Inc., San Luis Obispo CA). GnRH-I125 

(diluted in water, 82,000 cpm) was added to quantify 

incorporation of GnRH into the conjugate. The vial was 

capped, gently rotated and incubated at room temperature for 

20 h. The vial was mixed after 8 and 16 h. After 

incubation, the contents were quantitatively transferred to 

a 10 inch dialysis tubing {Spectr, Por 3, MW cutoff 3,500, 

Baxter Scientific), placed in 2 1 of deionized water and 

dialyzed twice for 24 h at 4° C. After dialysis, the inside 

of the tubing was flushed with water and the conjugate was 

collected. Incorporation of GnRH in the conjugate was 

determined by quantifying r125 in the conjugate. About 4% 

of the GnRH used in the conjugation was attached to the HSA 

and remained in the dialysis tubing. Aliquots of the 

conjugate were frozen at -20° c until used for immunization. 
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Antibody titers against GnRH were determined by the 

method of Esbenshade and Britt (1985). Serum was diluted 

1:100 in ethylenediaminetetraacetate (EDTA)-phosphate 

buffered saline (PBS), (pH 7.0). One hundred ul of serum 

was placed in a 16 x 125 culture tube and diluted with 10 ml 

of EDTA-PBS (pH 7.0). Two hundred ul of the diluted serum 

from heifers or serum with known antibody titers (quality 

control standards) were added to culture tubes in duplicate. 

One hundred ul of r125-GnRH (15,000 cpm) diluted in PBS + 

0.01% gelatin were added to all tubes and tubes were 

incubated for 24 h at 40 c. The free 125r-GnRH was 

separated from the antibody bound 125r-GnRH by adding 1.5 ml 

'Of ethanol (4° C} to precipitate protein and bound GnRH. 

Tubes were then centrifuged {15 min, 2800 x g), and the 

supernatant was decanted and tubes were inverted to dry at 

21° c for 12 h. Radioactivity in the precipitate was 

quantified with a Packard Multiprias Gamma counter. The 

percentage 125r-GnRH bound was determined as the average for 

the duplicate tubes. 

GnRH was iodinated with 125r using the chloramine-T 

procedure. Three micrograms of GnRH suspended in 20 

microliters of water and 25 microliters of phosphate buffer 

(.5 M) were combined with .75 mci 125r diluted in 7.5 

microliters of water). Ten ul of chloramine-T (2mgjml in 

H2o) were added to the mixture and mixed during a 45 second 

reaction period. The reaction was stopped by the addition 

of 10 ul of sodium metabisulfite (10 mgjml in H20). The 



47 

bound and free 125r were separated by column chromatography. 

The column used was a 10 cc disposable glass pipette packed 

with LH-20 swelled in 0.05 M phosphate buffer (pH 7.1). The 

column was eluted with 0.05 M phosphate buffer (pH 7.1) 

prior to separation. The mixture was placed on the column 

in 250 ul of phosphate buffer (0.05 M, pH 7.1), and eluted 

with phosphate buffer (.05 M, pH 7.1) + 0.1% gelatin. One 

ml fractions were collected in tubes containing 1 ml PBS + 

0.1% gelatin. Ten ul of each tube were counted in a Packard 

Gamma counter to determine which tubes contained the 

iodinated preparation. 

Progesterone concentrations were quantified through a 

·single antibody RIA in weekly plasma samples (Bishop and 

Wettemann, 1993). Short peaks of progesterone which are 

observed before puberty were eliminated from the statistical 

data set by utilizing concentrations of progesterone > 2 

ngjml for two consecutive weeks to confirm onset of luteal 

activity. 

Effects of treatment on the number of weeks to the 

onset of ovarian activity, BW, BCS and udder scores were 

analyzed by analyses of variance using the General Linear 

Models Procedure of SAS (SAS, 1985). Treatment differences 

at wk was determined through Duncan's t test. Antibody 

titers and LH concentrations were analyzed as split plot 

analyses of variance with treatment as the main effect and 

week as the subplot. Outlying LH concentrations were 
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identified and deleted through a program based on an outlier 

test (SAS, 1985). 

Results 

Immunization against GnRH-HSA induced production of 

antibodies against GnRH. Within three weeks after each 

booster, titers against GnRH were greater in heifers on FCA, 

DD+MO and DD+FIA treatments compared with heifers immunized 

against HSA (controls) or heifers immunized against GnRH-HSA 

using FIA (P<.01; Figure 1). At four months after the 

~second booster (i.e., at wk 29), only DD+FIA heifers had 

titers against GnRH that were different (P<.01) from control 

heifers (Figure 1). 

Weeks to the onset of puberty were not significantly 

affected by treatment (Figure 2). At the onset of puberty, 

titers against GnRH were greater in heifers on the FCA 1 

DD+FIA and DD+MO treatment groups (17,35 and 24%, 

respectively) than in control and FIA treated heifers (4 and 

6% respectively) (Figure 3). Although titers were greater 

in FCA, DD+FIA and DD+MO heifers, the titers had apparently 

declined to concentrations that were insufficient to prevent 

ovulation, so estrous cycles were initiated. 

Mean concentrations of LH in serum of immunized and 

control heifers were not influenced by treatment (Figure 4). 



Mean concentrations of LH averaged 1.9 ngjml in heifers 

immunized against GnRH and 1.7 ngjml in control heifers. 
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At wk 30, there was a significant difference between 

the weight of the FCA {327 kg) treatment compared with the 

FIA, DD+MO and DD+FIA (340, 348 and 337 kg, respectively) 

treatment groups (Figure 4). There was a treatment by wk 

interaction. This suggests that FCA may have an inhibitory 

effect on growth rate. Body condition scores were not 

influenced by treatment (Figure 5) and increased from an 

average of 4.67 ± .30 at wk 8 to 5.60 + .42 at wk 26 and 

5.27 ± .25 at wk 30. 

Treatment influenced the amount of granuloma production 

' at the sites of injection. There was a treatment by wk 

interaction. At wk 30, there was a significant difference 

between the four adjuvant groups and the production of 

granulomas. Heifers on the FIA, DD+FIA and DD+MO treatments 

had less granulomas than heifers treated with FCA (P<.005; 

Figure 6). However, FIA did not elicit an antibody 

response, leaving only DD+MO and DD+FIA treatments as 

satisfying the objective as an effective adjuvant. 

In summary, FCA, DD+MO and DD+FIA caused significant 

production of antibodies against GnRH but heifers treated 

with DD+FIA or DD+MO had less inflammatory response compared 

with heifers given FCA. Therefore, we conclude that DD+FIA 

and DD+MO are effective adjuvants for immunizing heifers 

against gonadotropin releasing hormone. 
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DISCUSSION 

Antibody production was observed in all heifers 

immunized against GnRH. Other studies have demonstrated 

that production of antibodies against GnRH alters gonad 

funtion. Antibody titers against GnRH ranging from 5 to 55% 

caused gonadal atrophy and dysfunction in rams (Chase et 

al., 1988). Heifers immunized against GnRH exhibited a 

direct relationship between antibody titer and length of 

delay in puberty (Wettemann & Castree, 1988). Antibody 

production is dependent upon the individual animal (Keeling 

and Crighton, 1984), as well as species (Johnson et al., 

1988, Clarke et al., 1978; Esbenshade and Britt, 1985). 

Wide ranges in antibody production observed in ewes 

immunized against GnRH were attributed to genetic 

differences between individual animals (Keeling and 

Crighton, 1984). Heifers immunized against GnRH (Adams & 

Adams, l990a; Johnson et al., 1988; Roberts et al., 1990) do 

not produce antibody titers that are as great as those 

observed for ewes (Clarke et al., 1978) and gilts 

(Esbenshade & Britt, 1985). 

The onset of puberty was not significantly affected by 

treatment. This in is contrast to other studies in which 

puberty was delayed 20.5 wk (O'Connell, 1990) and 11 wk 

(Wettemann & Castree, 1988). Possible reasons for the lack 

of delay in puberty in this study, compared with the other 

studies, could be age and BW of the animals, conjugation and 
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emulsification variability, andjor the time of a third 

booster immunization . An additional booster prior to 

puberty may have increased antibody titers to a 

concentration that would suppress the onset of luteal 

activity. Another major difference between O'Connell (1990) 

and this study was the weight of heifers at the time of 

immunization. O'Connell (1990) immunized heifers against 

GnRH at 11 mo of age when they weighed 317 kg. In this 

study, we used heifers at 11 roo of age that weighed 212 kg. 

In O'Connell's study, estrous cycles were initiated in 

control heifers at 5.3 weeks after the primary immunization, 

compared with 19 weeks after the primary immunization in 

this study. O'Connell {1990) found that onset of luteal 

activity was delayed 20.5 weeks in heifers immunized against 

GnRH, whereas, onset of luteal activity was not delayed in 

this study. This suggests that weight is an important 

factor that influences age at puberty and the response to 

immunization against GnRH. 

Mean concentrations of LH were not influenced by 

treatment. O'Connell (1990) also found that LH 

concentrations were not affected by immunizing heifers 

against GnRH. This is in disagreement with other species. 

Immunization against GnRH was associated with a reduction in 

LH concentrations in ewes and gilts (Clarke et al., 1978i 

Esbenshade and Britt, 1985). A possible cause for this 

difference, is low antibody titer production against GnRH in 

heifers. If antibodies produced against GnRH were fully 



saturated by endogenous GnRH, there may be sufficient GnRH 

reaching the pituitary gonadotrophs to cause secretion of 

LH. 
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The FCA treatment group had reduced body compared with 

FIA, DD+MO and DD+FIA treatment groups. Adams and Adams 

{1990) also found a reduction in weight gain of heifers 

immunized against GnRH compared with control heifers that 

were not immunized. This suggests that FCA may have an 

inhibitory effect on growth rate. 

Freund's complete adjuvant causes a local inflammatory 

response at the treatment site which results in the 

production of granulomas. A commercial vaccine utilizing 

FCA is not feasible due to the granuloma production 

associated with its use and positviely testing of the 

tuberculosis. Significantly less granuloma production was 

observed in the DD+MO and DD+FIA treatments. 

our results indicate that immunization of heifers 

against GnRH-HSA utilizing DD+MO or DD+FIA is comparable to 

FCA in antibody production and produces less granulomas at 

treatment sites. 
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Figure 1. Effect of adjuvants on antisera titers 

against GnRH. 
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Figure 2. Week at which the onset of puberty was 

achieved in heifers i~munized against GnRH. 
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immunized against GnRH. 
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IMPLICATIONS 

Immunization against GnRH holds potential to induce 

temporary infertility in heifers. Immunization procedures 

utilizing FCA as an adjuvant cause granuloma production at 

treatment sites. Immunization against GnRH utilizing DD+MO 

or DD+FIA as an adjuvant causes sufficient production of 

antibodies with less granuloma production than FCA. Further 

studies are required to determine if immunization against 

GnRH could be an effective method to increase the pasture 

and feedlot performance in beef heifers by reducing the 

incidence of estrous cycles and pregnancies. 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Gonadotropin releasing hormone is synthesized in the 

hypothalamus and regulates the synthesis and release of LH 

and FSH from the anterior pituitary. If the hypothalamus is 

separated from the pituitary gland, there is reduced LH and 

FSH secretion (Clarke et al., 1983). Blockage of GnRH 

function can be accomplished in animals through immunization 

against GnRH. Immunization of females against GnRH causes 

cessation of estrous cycles (Fraser et al., 1975). An 

adjuvant is used for immunization in combination with an 

antigen. The primary objective of an adjuvant is to cause a 

slow release of the adjuvant into the body and to stimulate 

the immune response. Freund's complete adjuvant is the most 

consistent and effective adjuvant to stimulate production of 

antibodies against GnRH. However, a major problem 

associated with the use of FCA is production of granulomas 

at the treatment sites. 

Thirty prepubertal heifers were randomly allocated to 

five treatments. Control heifers were immunized with HSA 

emulsified in FCA. Heifers in the other four groups were 

immunized against GnRH-HSA emulsified in either Freund's 

complete adjuvant (FCA), Freund's incomplete adjuvant (FIA), 
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DEAE dextran (DD} + mineral oil (MO} or DD+FIA. Booster 

immunizations were given at weeks 3 and 12 after the primary 

immunization. Blood serum and plasma were obtained weekly 

by jugular venepuncture for 30 wk. Within two weeks after 

each booster, titers against GnRH were greater in heifers 

treated with FCA, DD+MO and DD+FIA compared with heifers 

immunized against HSA or treated with FIA. Only DD+FIA 

maintained significant antibody titers against GnRH for 29 

wk. Weeks to the onset of puberty was not significantly 

affected by treatment likely due to a decline in antibody 

titers. There was a reduction in BW of the FCA treatment 

group compared with FIA, DD+MO and DD+FIA immunized heifers. 

Body condition scores were not influenced by treatment. 

Production of granulomas were reduced in the DD+FIA and 

DD+MO treated heifers compared with heifers treated with FCA 

(controls and GnRH-HSA}. 

In summary, FCA, DD+FIA and DD+MO are effective 

adjuvants to stimulate production of antibody titers against 

GnRH. However, there is a lower inflammatory response at 

treatment site for the DD+FIA and DD+MO treatments groups 

compared with FCA. 

In conclusion, DD+FIA or DD+MO are effective adjuvants 

for immunizing heifers against GnRH, stimulating sufficient 

antibodies against GnRH with a minimal inflammatory response 

at injection site. 
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