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ABSTRACT 

A series of experiments were conducted to investigate the 

regulatory mechanisms governing the absence of and the initiation of 

pulsatile pituitary LH secretion during the infantile and prepubertal 

periods of development in the bull calf. In the first experiment, 

patterns of hypothalamic GnRH secretion into hypophyseal portal vessels 

were measured in sixteen Holstein bull calves at 2, 5, 8 and 12 weeks 

of age. The results of this study correlated the attainment of an 

hourly rate of pulsatile GnRH release to the onset of prepubertal LH 

secretion. In the second experiment, nine Holstein bull calves were 

infused with exogenous GnRH (200 ng) on an hourly basis from 1 to 6 

weeks of age. From this experiment, we were able to demonstrate that 

an hourly rate of pulsatile GnRH release stimulates the age-associated 

changes in the hypothalamic-pituitary axis necessary for initiating 

pituitary LH secretion during the transition from the infantile to 

prepubertal period of development. 
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CHAPTER 1 

INTRODUCTION 

Maturation of the organs comprising the reproductive axis in 

mammalian species can be observed by the beginning of the mid

gestational phase of development with the use of immunofluorescent 

techniques and is followed by the onset of fetal pituitary LH secretion 

during mid- to late gestation. Elevation of serum LH concentration 

during gestation stimulates the growth of the male reproductive tract 

along with the acquisition of secondary sex characteristics. The 

occurrence of birth either coincides with or follows the development of 

inhibitory steroidal feedback as illustrated by neonatal castration 

studies and the appearance or absence of a post-castrational rise in 

serum LH concentration. During the infantile period of development, 

between birth and 9 weeks of age in the Holstein bull calf, there is an 

absence of pituitary LH secretion until the transition into the 

prepubertal period of development. The rise in serum LH concentration 

during prepubertal development is believed to provide the stimulus for 

initiating testicular steroidogenesis and gametogenesis that ultimately 

culminates in successful reproduction at the time of puberty. The 

regulatory mechanisms involved in the suppression of pituitary LH 

secretion during the infantile period of development and in the 

subsequent rise in serum LH concentration during prepubertal 

development were the focus of our investigations. 
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The relative inability of the pituitary to respond to 

exogenous GnRH during the infantile period of development could be a 

result of an absence of adequate pituitary stores of LH or to low 

pituitary concentrations of GnRH receptors. Both of these indicators 

of pituitary sensitivity to endogenous hypothalamic stimulation have 

been linked to fluctuations in the rate of pulsatile GnRH secretion and 

significantly increase at the time of pulsatile LH secretion during the 

transition from the infantile to the prepubertal period of development. 

Therefore, the hypothesis of this thesis was to test the possibility 

that the rate of hypothalamic GnRH secretion approaches a frequency 

necessary to stimulate the increase in both pituitary GnRH receptor 

concentration and LH content, which are prerequisite to the initiation 

of pituitary LH secretion in response to endogenous GnRH stimulation 

during prepubertal development. 

The Holstein bull calf was utilized as the experimental animal 

model in the following experiments due to the similarity that exists 

between the developmental patterns of gonadotropin secretion in the 

developing bull calf and those observed in the human. However, the 

infantile period of pituitary quiescence spans several years in the 

human in contrast to a mere 8 weeks in the bull calf and, thereby, 

allows faster characterization of the age-associated events occurring 

within the hypothalamic-pituitary axis during early sexual maturation. 

In addition, current techniques have been documented for the collection 

of hypophyseal portal blood from conscious, free-moving animals, which 

provides a measure of the temporal changes occurring in the rate of 
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hypothalamic GnRH secretion. The acquisition, care and use of these 

animals was done in accordance with the guidelines set forth by this 

university's lab animal care committee. 
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CHAPTER 2 

LITERATURE REVIEW 

Overview of Sexual Development during Gestation in Mammalian Species. 

A. Early Autonomic Growth and Secretion of the Gonads. 

In reference to data documenting the chronological events 

covering the initial growth and subsequent differentiation of pituitary 

gonadotropes , two different processes -(i) the cytological 

differentiation of gonadotropes and (ii) their complete functional 

maturation- must be distinguished. The ability of cells to release 

secretory products in a rather autonomous fashion occurs at a 

significantly earlier phase of development as compared to the onset of 

regulatory mechanisms that govern the rate of excretion of these 

secretory products. Through utilization of immunofluorescent-tagged 

antibodies and light microscopy techniques, the appearance of 

morphological changes in the reproductive axis during early embryonic 

growth has been documented for a number of species (Pelliniemi, 1975; 

Ohno, 1967; Baker and Jaffe, 1975; Danchin et al., 1981). During 

early gestational development the fetal gonads appear to differentiate 

and acquire the ability to synthesize and secrete testosterone in the 

absence of appropriate hypophysiotropic stimulation (Moon and Raeside, 

1972; Attal, 1969). Leydig cell differentiation in the porcine occurs 

between 35 and 40 days post coitum (Moon and Hardy, 1973), during which 

time, testosterone secretion by the fetal gonads results in peak 
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concentrations greater than 0.47 ng/ml (Colenbrander et al., 1978). A 

lack of pituitary stimulation is exemplified by the fact that serum 

porcine LH concentrations do not rise above non-detectable levels until 

85 days post coitum (Colenbrander et al., 1977). During gestation, 

differentiation of the male reproductive tract, as indicated by the 

appearance of Leydig cells, is initiated at approximately 6 weeks of 

age in the fetal rhesus monkey (van Wagenen and Simpson, 1965) and at 7 

to 8 weeks of age in the human fetus (Gillman, 1948) . The presence of 

testosterone can be detected by in vitro analysis of human fetal 

testicular tissue either prior to or coincidental with the occurrence 

of sexual differentiation (Siiteri and Wilson, 1974). The occurrence 

of testicular differentiation in the male fetus in combination with 

elevated serum testosterone concentrations is believed to provide the 

stimulus for androgenization of sexual behavior in the male (Phoenix et 

al. , 1968; Jost, 1970; Gorski, 1971). The exact period during 

mammalian gestation when gonadal influences, such as testosterone, 

would mediate a target-specific action on steroid-sensitive behavioral 

centers within the central nervous system is not known. Due to the 

temporal relationship between male genital development and testicular 

steroid output between 40 and 60 days of gestation in the primate, an 

appropriate estimation would be 30% of gestational development in the 

rhesus monkey (Resko et al., 1980). In addition, infusion of 

testosterone into female fetal rhesus monkeys between 40 and 60 days of 

sexual development resulted in subsequent androgenization of the 

reproductive system and behavior (Wells and van Wagenen, 1954; Steiner 

et al., 1976). Castration of male fetal rhesus monkeys at 100 days of 
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gestation had no effect on dimorphic infant behavior, which indicates 

that testicular influence on gonadal steroid-sensitive centers within 

the central nervous system has already been accomplished (Phoenix, 

1974). 

B. Functional Morphology of Pituitary Gonadotropes during Gestation. 

During early to mid-gestation, differentiation of pituitary 

gonadotropes allow for the initiation of gonadotropin secretion 

independent of excitatory hypothalamic stimuli (Dacheux, 1978; Dubois 

et al. , 1978; Dacheux and Martinat, 1983). Gonadotropes are first 

detected by 45 days of gestation in the fetal pig and undergo 2 

distinct phases in development (Danchin and Dubois, 1982). An initial 

phase, occurring between 45 and 70 days of gestation, consists of a 

gradual increase in cell density followed by an increase to maximal 

fluorescence with constant cell density after 80 days (Danchin and 

Dubois, 1982). Ultrastructure analysis of the ovine fetal pituitary 

(>54 days of gestation) exhibits a lesser incidence of granulation in 

comparison to older fetuses, which suggests that either granules are 

rapidly exocytosed or granule formation is not a prerequisite to 

pituitary LH secretion at this early stage of development (Alexander et 

al., 1973a). The presence of immunofluorescent LH can be detected in 

the growing and differentiating gonadotropes by 40-45 days of gestation 

in the porcine (Ponzilius et al., 1986) and by 49 days of gestation in 

the ovine (Dubois and Mauleon, 1969). Immunoreactive (ir) LH can be 

detected in the serum of mixed umbilical cord blood in bovine (Challis 

et al., 1974) and ovine fetuses by 60 days of gestation (Foster et al., 

1972a; Alexander et al., 1973b), in the human fetus by 68 days of 
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gestation (Kaplan & Grumbach, 1976) and in the porcine fetus by 80 days 

of gestation (Melampy et al., 1966; Colenbrander et al., 1977). 

Hypothalamic control over pituitary gonadotropin secretion is evident 

by 81 days of gestation in the ovine fetus, in which, serial blood 

sampling from the ovine fetal jugular vein reveals a pulsatile nature 

in pituitary LH secretion (Clark et al., 1984). In the adult animal, 

pulsatile pituitary LH secretion is dependent on pulsatile hypothalamic 

GnRH secretion (Carmel et al. , 1976; Clarke and Cummins, 1982), which 

indirectly supports the view that prior to 3 months of gestation 

GnRH-containing neurons begin to receive excitatory input from other 

intrinsic CNS regions or are able to overcome the presence of 

inhibitory input to initiate pituitary LH secretion. 

During sexual maturation in the bovine fetus, pituitary LH 

content, measured by the Ovarian Ascorbic Acid Depletion (OAAD) assay, 

continues to increase up to the occurrence of parturition, following 

which time a sharp decrease in levels occur (Karg, 1967). In spite of 

a 36-fold increase in fetal ovine pituitary weight between 55 and 148 

(term) days of gestation, pituitary LH concentration was reported to 

increase 53-fold during this same period of development (Foster et al., 

1972a). In vitro analysis of porcine pituitary cells has shown that 

between 60 and 105 days of gestation pituitary LH content increased by 

16-fold (Elsaesser et al., 1988). However, studies on human fetal 

development depict a divergence between increasing pituitary LH content 

and a decreasing pituitary LH concentration occurring in late gestation 

(Kaplan and Grumbach, 1976). From 10 to 40 weeks of gestation, 

pituitary LH content was significantly increased by 75-fold in the 
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human male fetus; in contrast, pituitary LH concentration peaked at 24 

weeks with a value of 114.5+57.1 ng/mg and, then, declined to 15.0+4.9 

ng/mg by the time of parturition (Kaplan and Grumbach, 1976). The 

difference between pituitary content and pituitary concentration of LH 

could be the result of a variety of indirect events occurring at this 

same period. Due to an decrease in the rate of pulsatile LH release, 

the rise in pituitary LH content might reflect an increase in 

releasable pools of LH rather than an increase in the rate of LH 

synthesis. Alternatively, the decrease in the pituitary concentration 

of LH could be due to the dramatic increase in the weight of the 

pituitary reported to occur at this time (Foster et al. , 1972a; 

Grumbach and Kaplan, 1974; Elsaesser et al., 1988). 

In contrast to the continuing rise in pituitary LH content 

throughout gestational development, gonadotropin levels measured in the 

serum of umbilical cord blood between mid- to late gestation rise from 

non-detectable levels to a peak concentration during late gestation, 

after which time serum LH concentrations return to near non-detectable 

levels just prior to or shortly after parturition (Kaplan and Grumbach, 

1976; Elsaesser et al. , 1976). By 6 months of gestation, serum LH 

concentration in the bovine has peaked at 2.91+0.92 ng/ml, which is 

followed by an 85% reduction in circulating LH levels by the time of 

parturition (Challis et al., 1974). With regards to ovine fetal 

development, the circulating level of serum LH steadily increases 

through 110 days of gestation reaching a peak level of 1.2+0.4 ng/ml 

before declining to a low of 0.2+0.04 ng/ml after 130 days of 

gestation (Sklar et al., 1981). Limited data on human sexual 
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development agrees with a rise and fall pattern in serum gonadotropin 

concentrations as witnessed by an increase from non-detectable levels 

to 5.1+0.8 ng/ml between 12 to 20 weeks before returning to 

non-detectable levels near term (Clements et al. , 1976). Fetal 

gonadotropin concentrations during the latter part of gestation are 

significantly greater than the levels observed in the adult and, in 

many ways, resemble the elevated concentrations measured after 

castration in the adult animal. Of the three parameters that dictate 

serum LH concentration: LH pulse amplitude, LH pulse frequency and the 

metabolic clearance rate, the elevated serum LH concentration during 

gestation is, primarily, a reflection of an increased rate of pulsatile 

LH release. The mean interpulse interval declines from 3.9 h to 2.4 h 

between 79 and 110 days of gestation, respectively, in the ovine fetus 

(Clark et al., 1984). During this analogous period of development, LH 

pulse amplitude does not significantly vary (Clark et al. , 1984); in 

addition, the elevated serum LH concentrations do not reflect an 

increase in maternal LH levels, which remain nearly undetectable during 

mid- to late gestation, or to a reduction in the metabolic clearance 

rate for LH (Foster et al. , 1970). Due to the temporal relationship 

between GnRH and LH secretion (Carmel et al., 1976), the reported 

increase in serum LH concentration will primarily be a reflection of an 

increase in the frequency of pulsatile GnRH release followed by the 

observed increase in the frequency of pulsatile LH release. Therefore, 

elevated serum LH concentrations observed during mid- to late gestation 

are the result of unbridled hypothalamic secretion of GnRH, in part, 

due to the lack of inhibitory gonadal influence. 
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C. Maturation of the Hypothalamic-Pituitary Axis during Gestation. 

In regards to whether the pituitary gland grows and 

differentiates under the influence of a hypothalamic factor during 

early gestational development, irGnRH can be detected in a rather close 

proximity to pituitary gonadotropes during early gestational 

development (Gross and Baker, 1979). As early as day 59 of gestation 

in the ovine fetus irGnRH can be detected within the differentiating 

hypothalamic area (Mueller et al. , 1978), and by 9 weeks of gestation 

in the human (Paulin et al., 1977) and 70 days of gestation in the 

porcine (Danchin and Dubois, 1982) GnRH-containing neurons can be 

visualized by use of immunof luorescent staining techniques. In 

addition, hypothalamic GnRH concentration appears to increase during 

the same period of development when serum LH concentration in the fetus 

begin to rise (Winters et al., 1974; Aubert et al., 1977), which could 

mark the onset of an increase in stimulatory input into hypothalamic 

GnRH-containing neurons. However, a hypothalamic, hypophysiotropic 

link cannot participate in the control of gonadotropin cell 

differentiation during early gestation, since the establishment of the 

continuity of the primary and secondary plexus of the portal system 

occurs between 18 and 21 weeks of gestation (Espinasse, 1933; Barry, 

1979). Following this provision, pituitary sensitivity to hypothalamic 

GnRH stimulation continues to improve between mid- to late gestational 

development (Colenbrander et al., 1982; Gennser et al., 1976). 

Observations in ovine fetal development have shown that between 84 and 

139 days of gestation, serum LH concentrations following either an 

exogenous bolus of purified GnRH (Mueller et al., 1981) or crude ovine 
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hypothalamic extract (Foster et al., 1972b) are elevated by a 2- to 

7-fold increase over baseline values. Similarly, in fetal male rhesus 

monkeys between 150 and 159 days of gestation, serum LH concentrations 

increase following an exogenous GnRH (80 micrograms) challenge (Norman 

and Spies, 1979). Studies on cultured fetal porcine pituitary cells 

have demonstrated a dose - dependent increase in pituitary cell 

responsiveness to exogenous GnRH with an inability to stimulate LH 

release at 60 days of gestation followed by a 2-fold increase in basal 

and maximal LH secretion by 80 to 105 days of gestation (Elsaesser et 

al., 1988). However, the ability of the fetal pituitary to respond to 

an exogenous GnRH challenge does not necessarily provide conclusive 

evidence that the fetal hypothalamus can release sufficient quantities 

of GnRH to influence gonadotropin secretion. Through use of electrical 

and electrochemical stimulatory techniques, the porcine fetal 

hypothalamus was able to secrete a sufficient quantity of GnRH, which 

would stimulate pituitary LH release between 80 and 105 days of 

gestation but not at 60 days (Bruhn et al. , 1983). Therefore, by 

midway through gestational development, the anterior pituitary gland is 

able to respond to hypothalamic stimulation due to the establishment of 

the portal capillary system and, thereby, elevate serum LH 

concentrations as a result of the absence of appropriate inhibitory 

feedback responses. 

D. Maturation Of Inhibitory Steroidal Feedback On Pituitary Function 

As mentioned above, during mid-gestational development serum 

LH concentration is considerably elevated as a consequence of a lack of 

feedback inhibition by gonadal steroids. During sexual maturation, 
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serum gonadal steroid concentrations are elevated during early and late 

gestation while levels during mid-gestation are characteristically low. 

Between 2 and 3 months of gestation in the bovine fetus, circulating 

testosterone levels increase by 5-fold before falling to a plateau, 

approximately 57% of peak values, which is maintained until the late 

gestational rise during the 7th month (Kim et al. , 1972; Challis et 

al., 1974). Fluctuations in the serum concentration of testosterone 

occur over an analogous time frame within the porcine species, in that 

circulating levels peak at 2 months post coitum and decline during the 

remainder of gestation with the second peak in testosterone levels 

occurring 2 weeks after parturition (Elsaesser et al., 1976; 

Colenbrander et al. , 1978; Raeside and Sigman, 1975). Plasma 

testosterone levels in fetal, male rhesus monkeys peak between 79-84 

days and 140-163 days with an intervening low of approximately 50% of 

peak values (Resko et al. , 1973; Resko et al. , 1980). Peak serum 

testosterone levels during early gestation in the primate are primarily 

a consequence of elevated concentrations of hCG, while the secondary 

peak of testosterone is correlated more with an increase in pituitary 

LH secretion (Reyes et al. , 1974; Ellinwood et al. , 1980). In vitro 

analysis of fetal testicular homogenates revealed specific binding for 

iodinated hCG, in addition to hCG-stimulated synthesis of testosterone 

(Huhtaniemi et al. , 1977). Evidence for hypophysiotropic stimulation 

of gonadal testosterone secretion has been observed following an 

exogenous GnRH challenge, 50 and 80 micrograms, to fetal rhesus monkeys 

between 129 and 159 days of gestation resulting in a 100% (Huhtaniemi 

et al., 1977) and a 300% increase in serum testosterone concentration 
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(Norman and Spies, 1979), respectively. In addition, the source of 

testosterone during gestational development is believed to be the fetal 

gonads due to a severe drop in circulating concentrations following 

fetal castration (Resko et al., 1973). 

Starting around mid- to late gestational development in the 

ovine fetus, circulating levels of estradiol-17beta begin to increase 

at a time in which the serum concentration of LH has begun to decline 

(Findlay and Cox, 1970; Alexander et al., 1973b). An elevation in 

serum estradiol levels has also been reported in the developing rhesus 

monkey and is believed to be the signal for initiating the termination 

of gestation (Resko et al., 1975). In contrast to testosterone, the 

majority of fetal estrogen in the human and in primates is thought to 

originate from the placenta which contains an abundance of enzymes for 

the conversion of fetal precursors to estrogenic compounds (Ainsworth 

and Ryan, 1966; Beling, 1971). A maternal source of estrogen measured 

in fetal circulation is further supported by the fact that serum 

estradiol levels in the fetus are not elevated following an exogenous 

GnRH challenge (Norman and Spies, 1979). Interestingly, the majority 

of estrogens measured in the fetal circulation are primarily conjugated 

to sulpha-containing compounds (Carnegie and Robertson, 1978), which in 

conjunction with a nonregulated source points to an uncertain role in 

the suppression of pituitary LH secretion during mid- to late 

gestation. The probability still exists, however, for a specific local 

action by estrogen due to the ability of fetal hypothalamic tissue to 

aromatize androstenedione to estradiol-3-methyl (Naftolin et al. , 

1971), but the ability of nonaromatizable dihydrotestosterone to 
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suppress serum LH concentration in fetal gonadectomized rhesus macaques 

at an equimolar concentration to testosterone would make this a minor 

role for fetal estrogen (Resko and Ellinwood, 1985). Cytoplasmic 

receptors are believed to be a prerequisite for mediating the actions 

of gonadal steroid hormones on the functions of target tissues. In 

accordance with this hypothesis, estrogen receptors have been measured 

in pituitary and hypothalamic tissues of immature rodents (Davies et 

al., 1975a) and in human fetuses (Davies et al., 1975b). With regard 

to human fetal development, the presence of an estrogen-binding 

component in the cytoplasmic fraction of pituitary and brain tissues at 

mid-gestation indicate a biologically important role for estrogen 

interaction on hypothalamo-hypophyseal activity (Davies et al., 1975b). 

In relation to the fall in serum LH concentration during late 

gestation, evidence is accumulating that points to the maturation of an 

inhibitory feedback pathway through which gonadal steroids are able to 

mediate their influence on pituitary LH secretion (Mueller et al., 

1981) . Between 98 and 104 days of gestation in the fetal rhesus monkey 

circulating levels of LH increased 10-fold following castration; 

however, continuous infusion of testosterone failed to suppress serum 

LH concentration to pre-castrational values probably due to a loss in 

sensitivity of target tissues in relation to steroid receptor 

concentration (Ellinwood et al., 1982). When estradiol is infused over 

a 6 day period, between 105 and 108 days of gestation, circulating LH 

levels in the ovine fetus are suppressed from 1.2+0.1 ng/ml to 0.1+0.1 

ng/ml (Gluckman et al., 1983). In addition, an exogenous bolus of GnRH 

failed to elicit pituitary LH release in the presence of estradiol 
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which points to a pituitary site of action for this gonadal steroid's 

effect on pituitary LH secretion (Gluckman et al., 1983). Taken 

together, these conclusions point to the fact that during mid- to late 

gestational development the establishment of a functional hypothalamic -

pituitary-gonadal axis leads to the suppression of elevated pituitary 

LH output to levels characteristic of the adult. 

Reawakening of Hvpothalamic-Pituitarv-Gonadal Function during Postnatal 

Development in Mammalian Species. 

E. Reproductive Quiescence during Infantile Development. 

As stated above, during late gestation, serum LH concentrations 

fall below the detectable limits of current RIA methods for a number of 

species, due primarily to inhibitory feedback from gonadal steroids 

secreted primarily by the maternal placenta and to a lesser degree by 

the fetal gonads. Following the occurrence of parturition, there is a 

transient period of pulsatile LH secretion from the pituitary which can 

be demonstrated in the rhesus monkey (Steiner and Bremner, 1981; Winter 

et al., 1975) and in the human (Forest et al., 1974), but not in the 

bull calf (Rodriguez and Wise, 1989). This species' difference 

illustrates an important point in that comparison of sexual 

maturational events correlated only with days after birth will 

generally lead to misconceptions unless one remembers that the 

occurrence of parturition is an arbitrary event during reproductive 

development (Foster, 1980). At the time of birth in higher primates, 

the activity of the hypothalamus-pituitary-gonadal axis is still 

primarily under the control of inhibitory feedback from either maternal 

or fetal steroids. In contrast, the hypothalamic-pituitary axis in the 



bull calf has entered the period of non-gonadal influence on pituitary 

gonadotropin secretion that the primate species will not observe until 

several years after birth (Courot, 1979a; Plant, 1980). Any comparison 

between species, then, must consider that sexual maturation is a 

continuum with the occurrence of certain events falling within prenatal 

life in some species and in postnatal life in other species (Resko, 

1977a; Steiner et al., 1976). 

Coinciding with this rise in serum gonadotropin levels is an 

increase in testicular activity which results in the elevation of 

circulating testosterone concentrations (Plant, 1980; Winter et al., 

1976; Forest et al., 1974). By 1 week of age in the bull calf and 8 

weeks to 5 years of age in the monkey and human, respectively, serum LH 

levels decline to non-detectable values presumably due to heightened 

sensitivity of the hypothalamic-pituitary axis to inhibitory gonadal 

influence (Foster et al., 1971). Recently, the ability of neonatal 

gonadal steroids to suppress pituitary gonadotropin output has not 

received favorable experimental support. In the bull calf, the 

miniature pig and the rhesus monkey, there is a considerable delay in 

the response of the hypothalamic-pituitary axis, in terms of elevation 

of serum LH concentration, following the removal of the neonatal 

gonadal influence (Bass et al., 1977; Elsaesser et al., 1978; Dierschke 

et al. , 1974a). Castration of bull calves at 6 weeks of age did not 

result in a significant increase in LH pulse frequency until 10 weeks 

of age (Wise et al., 1987), which is in agreement with an earlier study 

that shows no significant change in the serum level of LH until 7 to 14 

weeks of age for bull calves castrated at birth (Bass et al. , 1977). 
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An inhibitory pathway through which gonadal influence on pituitary 

activity may be mediated was demonstrated by the ability of 

subcutaneous estradiol implants to suppress serum LH concentration in 

castrated animals after circulating levels of LH had begun to increase 

in castrate and intact animals (Wise et al. , 1987). However, the 

importance of such a feedback mechanism for the control of low 

pituitary gonadotropin secretion, in conjunction with almost non-

detectable gonadal steroid levels, during infantile development is not 

fully understood at this time. 

A more likely explanation for the lack of pituitary LH 

secretion would be the inability of the pituitary to respond to 

hypothalamic stimulation during infantile development. Of particular 

interest is the sequence of events occurring in the hypothalamic-

pituitary axis during post-natal development in the rhesus monkey. 

Following the occurrence of parturition, pituitary LH secretion can be 

demonstrated from birth through 19 weeks of age before declining to 

non-detectable levels (Frawley and Neill, 1979). The following 

suppression in gonadotropin levels is only partially due to the 

inhibitory effects of gonadal steroids as seen by the rise in serum LH 

concentration following gonadectomy at 1 week of age, which peaks at 6 

weeks of age before returning to pre-castrate, non-detectable values 

(Plant, 1980). postcastration rises in serum LH and FSH do not occur 

for more than 200 days in monkeys orchidectomized at 20-21 months of 

age (Dierschke et al., 1974a). Surprisingly, even when intact male 

rhesus monkeys are challenged with a bolus of exogenous GnRH, the 

pituitary fails to respond until between 30 and 36 months of age 
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(Monroe et al., 1983; Norman and Spies, 1979). In a comparable study 

in castrated bull calves, exogenous GnRH stimulation failed to elicit a 

pituitary LH response, even in the absence of gonadal inhibitory 

influence, until 7 weeks of age (Bass et al. , 1979). Due to the 

requirement of continual pulsatile GnRH stimulation for the maintenance 

of releasable pituitary LH pools (Hamernik et al., 1986), it seems 

likely that inadequate pituitary LH stores during infantile 

development, as measured by GnRH-inducible LH secretion, is probably a 

reflection of a lack of adequate pulsatile GnRH secretion by the 

hypothalamus during this period. More importantly, these studies 

provide evidence for either an intrinsic CNS inhibitory mechanism that 

suspends hypothalamic GnRH secretion, or the absence of stimulatory 

input into the hypothalamic pulse generator regions resulting in either 

nonexistent or shallow autonomic GnRH release by the hypothalamus. 

F. Age-Associated Changes within the Hypothalamic-Pituitary Axis. 

Prior to the onset of pulsatile LH secretion in the bull calf, 

a number of complex age-associated changes occur in the morphology and 

functionality of the hypothalamic-pituitary axis (MacMillan and Hafs, 

1968; Amann et al. , 1986; Levasseur, 1977). These morphological 

alterations lead to a change in the pituitary sensitivity to GnRH 

stimulation which can be visualized by measuring the pituitary LH 

response to an exogenous GnRH challenge during the course of sexual 

development (Galloway and Pelletier, 1974; Debeljuk et al., 1972; Roth 

et al., 1973). Between 1 and 16 weeks of age in the bull calf, there 

is a 4- to 4.5-fold increase in the pituitary response, as measured by 

LH peak values and mean duration of LH discharge, to exogenous GnRH 



stimulation that is followed by a decline in sensitivity through 24 

weeks before returning to a high inducible state by 8 months of age 

(Lacroix and Pelletier, 1979a; Kesler and Garverick, 1977; Goiter et 

al., 1973; Miller and Amann, 1986). In comparable studies conducted in 

the prepubertal ram lamb, a marked increase in the pituitary LH 

response following an exogenous GnRH challenge occurred between 6 and 8 

weeks of age and, thereafter, was followed by a subsequent rise in 

serum testosterone levels (Lee et al., 1976b). A broad conclusion made 

by these types of studies suggests that pituitary insensitivity to 

hypothalamic stimulation prior to the onset of pulsatile LH secretion 

is due to the inability of the pituitary in translating hypothalamic 

pulse signals thought to occur at a very slow rate or are altogether 

nonexistent. 

Coincidental with the age-associated increase in pituitary 

sensitivity to hypothalamic stimulation is a marked increase of 67% in 

pituitary LH content, which occurs between 6 and 10 weeks of age in the 

bull calf (Amann et al., 1986). Recently, the dependence of 

hypothalamic GnRH stimulatory input into the pituitary has been 

correlated to the maintenance of pituitary LH stores in studies 

utilizing the hypothalamic-pituitary disconnected (HPD), ovariectomized 

(OVX) ewe model (Clarke et al., 1983; Hamernik et al. , 1986). By 3 

days post-operation, serum LH concentration in OVX ewes had declined 

from 9.0 ng/ml (preop. value) to less than 1.0 ng/ml (Hamernik et al., 

1986). Of particular interest was the failure to detect a significant 

difference in pituitary LH content between OVX and HPD-OVX ewes by 3 

days postoperation. This reflects the probability that GnRH 



stimulation of LH synthesis could involve activation of a number of 

second messenger systems, which account for the lengthy delay in the 

fall in pituitary LH content (Hamernik et al. , 1986). Replacement of 

hypothalamic stimulation with hourly intravenous infusion of GnRH (500 

ng) resulted in the return of pituitary and serum LH concentrations to 

pre-HPD levels and provides conclusive evidence for pituitary 

dependence on GnRH stimulation for maintaining LH stores (Clarke et 

al., 1984). A similar finding has been documented in the female rhesus 

monkey in which pituitary isolation from hypothalamic stimulatory input 

by disruption of arcuate nuclei activity lead to the inability to 

detect serum gonadotropin levels that could subsequently be restored 

with an hourly pulse rate of GnRH infusion (Wildt et al., 1981). Taken 

together with immunosuppressant (Lincoln and Fraser, 1979) and in vitro 

studies (Liu et al., 1976), these results provide strong evidence for a 

major role by GnRH in modulation of LH synthesis, in addition to its 

primary role as a neurotransmitter controlling pituitary LH secretory 

activity. 

In addition to regulation of pituitary LH content, GnRH also 

affects the levels of mRNA coding for the alpha and beta subunits of LH 

and with post-transcriptional events through alterations in the 

frequency of its pulsatile release. In OVX, progesterone-implanted 

anestrous ewes, the effect of varying the frequency of exogenous GnRH 

injections on the levels of mRNA coding for both LH subunits induced a 

greater response in the concentration of beta subunit, which was 

maximal at an hourly GnRH pulse rate, over that measured for the alpha 

subunit (Leung et al., 1987). Also, the ability of the pituitary gland 
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to release LH in response to GnRH was shown to be more dependent upon 

the availability of LH beta subunit (Leung et al., 1987), which would 

be anticipated due to the inclusive incorporation of LH beta subunit 

into the LH molecule while the alpha subunit is common to other 

pituitary glycoproteins. Studies in the male rat have been able to 

correlate the rate of amino acid incorporation and glycosylation of 

alpha and beta LH subunits to the degree of GnRH stimulation following 

the addition of GnRH into pituitary cell cultures, which resulted in an 

approximate 3-fold increase in the rates of these processes (Vogel et 

al., 1986). However, the molecular mechanism by which GnRH-Receptor 

interaction results in the specific increased production of LH subunit 

mRNA is not clearly understood at this time, but does provide a unique 

opportunity to relate information from other receptor-gene product 

interaction models, such as those proposed for heat-shocked proteins 

(Petersen and Lindquist, 1988). 

Due to the prerequisite of pulsatile GnRH secretion for the 

stimulation of pituitary LH stores, an increase in the rate of 

pulsatile GnRH release was proposed to occur prior to 10 weeks of age. 

A variety of indirect studies have been conducted which demonstrate 

increasing amounts of GnRH-activity in crude hypothalamic extracts, 

collected from bull calves during pre- through postpubertal stages of 

development, as measured by the ability to cause ovulation in female 

rabbits (Campbell and Gallardo, 1966). More specifically, advances in 

invasive surgical approaches that allow direct measurement of GnRH 

concentration in hypophyseal portal venous blood or in cerebral spinal 

fluid in conscious animals have revealed the tight temporal coupling of 
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GnRH secretion to that for pituitary LH secretion in several normal and 

induced physiological states (Levine and Ramirez, 1980; Clarke and 

Cummins, 1982; Levine et al., 1982). Recent studies in the bull calf 

have been able to substantiate the proposed increase in the rate of 

pulsatile GnRH secretion prior to the initiation of postnatal LH 

secretion as portrayed by a 2.5-fold increase in GnRH pulse frequency 

between 2 and 12 weeks of age (Rodriguez and Wise, 1989). The 

initiation of pulsatile LH secretion was noted to occur between 5 and 6 

weeks of age when the interval of time between the occurrence of GnRH 

discharge occurred every 100 minutes and could not be correlated to any 

change in GnRH pulse amplitude (Rodriguez and Wise, 1989). In 

addition, the elevated serum LH concentrations observed during 

prepubertal development (Wise et al., 1987) can be indirectly 

correlated to an elevation in GnRH pulse frequency as illustrated by 

the temporal link that exists between the post-castrational rise in LH 

pulse frequency in relation to a hypersecretory rate for hypothalamic 

GnRH release (Levine and Duffy, 1988; Caraty and Locatelli, 1988). 

The central role of hypothalamic GnRH secretion in controlling 

the status of reproductive function has, also, been thoroughly 

investigated in clinical studies of reproductive disorders and in 

attempts to prematurely induce cyclic ovulatory function in prepubertal 

ewe lambs. In clinical studies with patients affected with idiopathic 

hypogonadotropic hypogonadism, a condition of deficient GnRH release, 

pituitary levels of LH alpha subunit mRNA were found to be near 

nonexistent (Spratt et al., 1986). Following low dose infusion of a 

physiological level of GnRH, serum LH alpha-subunit levels increased 2-



fold followed by initiation of pulsatile LH release in response to GnRH 

doses (Spratt et al., 1986). Interestingly, although infusion of low 

doses of GnRH were not always able to stimulate pituitary LH release, 

there was not a decrease in pituitary LH content (Clarke and Cummins, 

1987a), which could be showing the separation of the two roles of GnRH 

with low, infrequent pulses being the primary regulators of pituitary 

LH synthesis and larger, frequent pulses being the primary determinants 

of pulsatile LH frequency (Clarke et al., 1985). Attempts to hasten 

the onset of ovarian cyclicity by an hourly infusion rate of 

physiological levels of GnRH or LH have been successfully demonstrated 

in the rhesus monkey (Dierschke et al., 1974b) in the prepubertal ewe 

lamb (Foster et al., 1984) and in anestrous ewes (McNeilly et al. , 

1982) by the appearance of adult alterations in serum gonadotropin 

levels and the occurrence of ovulation. These results also demonstrate 

the modulatory effects of gonadal steroids on pituitary responsitivity 

to hypothalamic stimulation since the rate of GnRH infusion was held 

constant. 

G. Ontogeny of Prepubertal Pulsatile LH and Testosterone Secretion. 

A subject of many past investigations on the ontogeny of 

episodic LH release is the relationship between monitors of the 

internal parameters of growth and the onset of pulsatile gonadotropin 

secretion (Frisch and McArthur, 1974; Steiner et al., 1983). As noted 

in the previously-mentioned study documenting the onset of pulsatile LH 

release in the developing ram lamb (Foster et al. , 1978), the 

initiation of episodic LH secretion begins at 1-2 weeks of age in 

rapidly growing lambs and 3-7 weeks of age in slowly growing lambs, 
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depicting a possible inter-relationship between the attainment of a 

particular body weight with the resumption of reproductive development. 

Subsequently, a study was conducted to evaluate the effects of 

undernutrition and its interaction with gonadal steroids in modulating 

the occurrence of pituitary LH discharge (Foster and Olster, 1985b). 

This study demonstrated the ability of undernutrition to delay the 

timing of puberty by suppressing gonadotropin secretion, independent of 

the inhibitory gonadal feedback mechanism, and was presumed to 

originate within a CNS - regulatory mechanism on hypothalamic GnRH 

secretion (Foster and Olster, 1985b; Foster et al., 1985a). Due to the 

ability of certain amino acids to act as neuromodulators on the 

activity of GnRH-secreting neurons and be correlated to changing 

metabolic states (McCann and Moss, 1974; Watkins and Evans, 1981), an 

investigation on possible candidates has revealed the likelihood of N-

methyl-aspartate (NMDA) in a role for altering GnRH pulse frequency 

(Price et al. , 1978; Gay and Plant, 1987; Arslan et al. , 1988). 

However, additional studies are needed to show a more specific 

stimulatory action by NMDA on hypothalamic GnRH activity, since NMDA 

has also been found to stimulate the secretion of a variety of other 

pituitary hormonal proteins. 

In addition, in some species the onset of pulsatile LH 

secretion during infantile development is marked by a diurnal variation 

in the pattern of pituitary LH release between night and day, i.e. 

prepubertal human males and females (Boyar et al., 1972). During the 

course of pubertal development in the male, pituitary LH secretion is 

enhanced during periods of sleep as compared to patterns in serum LH 



levels when the subject is awake (i.e. 9.0 mlU/ml when asleep and 6.0 

mlU/ml when awake: Parker et al., 1975; Judd et al., 1977). Over a 

period of time these periods of enhanced pituitary LH secretion are 

accompanied by increases in serum testosterone concentration and the 

appearance of secondary sex characteristics (Parker et al., 1975). 

This phenomenon was investigated by our lab in reference to the 

developing bull calf as part of the experiment cited above (Wise et 

al., 1987). However, we failed to demonstrate a nocturnal increase in 

pituitary gonadotropin secretion coincidental to the onset of pulsatile 

LH secretion and concluded that this phenomenon along with the 

influence of prolactin does not play a significant role in the 

regulation of pituitary LH secretion during infantile and prepubertal 

development. 

Removal from the neonatal period of reproductive quiescence 

was marked by the initiation of pituitary LH secretion between 6 and 10 

weeks of age in the bull calf (Amann et al., 1986) and between 1 and 3 

weeks of age in the ram lamb (Foster et al., 1978). Following 

sequential venous blood sampling (8 hours) in developing bull calves by 

this laboratory, the initiation of pituitary LH release was 

demonstrated as early as 2 weeks of age with 1 out of 6 calves (1/6) 

displaying a pulse of LH and, thereafter, increased from 3/6 calves 

exhibiting 1 pulse of LH at 4 weeks of age to 4/6 calves having 

multiple pulses in the temporal pattern of serum LH concentration by 8 

weeks of age (Rodriguez and Wise, 1989). The increase in the rate of 

pituitary LH discharge results in a 4-fold increase in serum LH 

concentrations, which could not be associated with any significant 
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change in LH pulse amplitude, during this same period of development 

(Wise et al., 1987). Afterwards, circulating LH concentration 

continues to increase to peak levels at 16 weeks of age before 

pituitary LH output declines in both the rate of LH release and LH 

pulse amplitude (Amann and Walker, 1983b). Between 1 and 8 weeks of 

age in the prepubertal ram lamb, there is a 20-fold increase in the 

frequency of pulsatile LH discharge that was translated into a 5-fold 

increase in the serum concentration of LH (Foster et al., 1978), while 

LH pulse amplitude was decreasing at this time (Olster and Foster, 

1986). As noted above, the dependence of enhanced hypothalamic GnRH 

stimulation as the primary motivator of elevated serum gonadotropin 

levels has been demonstrated in studies which mimicked high circulating 

levels of LH by an artificial rapid pattern of exogenous GnRH infusion 

(Santen and Ruby, 1979; Schanbacher et al., 1982) and in studies 

demonstrating the ability to block the postcastrational rise in serum 

LH concentration by infusion of GnRH antibodies (Lincoln and Frazer, 

1979). Peak serum concentrations of LH are, in many instances, 

considerably greater than those observed in adult circulation and, 

thereby, indirectly provide evidence that inhibitory gonadal feedback 

on pituitary function is relatively weak during early prepubertal 

development (Lee et al., 1976a; Lee et al., 1970). 

Attributed to the high circulating levels of serum LH during 

prepubertal development is the reported spurt in the rate of cellular 

differentiation and growth within the testes. The necessity of 

gonadotropins for the maturation of testicular function has been 

illustrated by experiments in which hypophysectomy in prepubertal male 



36 

lambs resulted in an absence of testicular development, in terms of 

testosterone secretion and spermatogenesis, which was corrected by the 

subsequent infusion of gonadotropins (Courot, 1967). In addition, 

subcutaneous progesterone implants in prepubertal ewe lambs and 

estradiol-17beta implants in developing ram lambs and bull calves were 

effective in suppressing pituitary gonadotropin secretion which lead to 

a decrease in testicular weight and total daily sperm production and 

delayed the onset of reproductive cyclicity (Echternkamp and Lunstra, 

1984; Foster et al. , 1986; Schanbacher et al. , 1982). From 6 to 18 

weeks of age in the bull calf and 4 to 28 weeks of age in the ram lamb, 

there was a significant, linear rate of increase in the weight of the 

testes which was accompanied by morphological changes in Leydig cells 

transforming from the prepubertal-type to the adult-type (Hooker, 1970; 

Olster and Foster, 1986). Histological examination of testicular 

tissue has revealed the presence of membrane-bound LH receptors in 

Leydig cells and the presence of membrane-bound FSH receptors in 

Sertoli cells of prepubertal calves at 4 weeks of age (Schanbacher, 

1979) . The ontogeny of the appearance of these receptors may have an 

influential effect on the shift in the predominating steroid secreted 

by the testes with increasing age. 

During the early phase of increasing testicular weight, the 

predominately-secreted steroid is androstenedione as demonstrated by 

the elevation in circulating levels following exogenous LH stimulation 

(Lindner and Mann, 1960). Plasma concentration of androstenedione 

rises between 2 and 4 months of age in developing bull calves before 

declining to undetectable levels through 12 months of age (Rawlings et 
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al., 1972; Bedair and Thibier, 1979). Eventually, the testes gradually 

lose their ability to secrete androstenedione as their ability to 

release testosterone becomes more enhanced (Bass et al. , 1977). The 

ability of LH to stimulate the release of testosterone from testes of 

prepubertal bull calves becomes evident around 16 weeks of age and 

subsequently progresses to a peak response by 28 weeks of age (Amann 

and Walker, 1983b). Comparable studies in the human illustrate the 

inability of exogenous GnRH to stimulate an elevation in serum 

testosterone in prepubertal boys, after such an effect had been 

demonstrated in postpubertal boys, and was concluded to be the result 

of a greater degree of sensitivity of the Leydig cell population of 

postpubertal boys to gonadotropin stimulation (Reiter et al. , 1976). 

However, these conclusions may have overlooked the possibility that, as 

seen in the rhesus monkey, the prepubertal pituitary might be 

insensitive to hypothalamic stimulation due to the requirement of an 

extended period of exposure to GnRH in order to elevate pituitary LH 

content and GnRH receptor concentration. In a more specific study, 

Foster et al. (1978) demonstrated a greater ability to stimulate 

testosterone release following injection with hCG in 8 week old versus 

2 day old developing lambs. The concentration of testosterone in the 

circulation of developing bulls increases from 2 to 6 months of age 

(Bedair and Thibier, 1979; Rawlings et al., 1972) and in the ram lamb 

between 7 and 15 weeks of age with an exaggerated rise occurring 

between 18 and 28 weeks of age (Olster and Foster, 1986). With regard 

to the temporal fluctuations in serum testosterone concentration, 

pulsatility of testosterone secretion is due to the short duration of 
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elevated serum LH levels, half-life of LH is about 27 minutes, and the 

LH-induced response of Leydig cells, receptor internalization (Amann, 

1983a). 

Stimulation of Leydig cells by a continual, rapid rate of 

pulsatile LH secretion results in elevation of testicular testosterone 

concentration to values as high as 3.15 micrograms/gram of tissue by 5 

months of age in the bull calf (Rawlings et al., 1972). Intercellular 

fluid containing this high concentration of testosterone bathes the 

seminiferous tubules resulting in stimulation of spermatogenesis 

(Ganjam and Amann, 1976; Courot et al., 1979b). Since the first 

definitive A-spermatogonia can be identified in the testes of 

developing bull calves by 20 weeks of age, which is coincidental to the 

onset of Sertoli cell differentiation (Curtis and Amann, 1981), then 

the initiation of pubertal development can be correlated with the 

occurrence of elevated serum LH concentrations resulting in the onset 

of testicular testosterone secretion and spermatogenesis (Rawlings et 

al., 1972; McCarthy et al., 1979; MacMillan and Hafs, 1968). The shift 

in the ratio between androstenedione and testosterone which occurs 

during pubertal development could be a reflection in the activity of 

the enzyme, 17beta-hydroxy-steroid dehydrogenase. This enzyme 

comprises a major factor limiting testicular responsiveness to LH and 

the activity of this enzyme is increased by FSH (Payne et al., 1976). 

The primary site of estradiol production within the testes occurs in 

the Leydig cell population while a minor site is found within the 

Sertoli cells of the seminiferous tubules, which can also convert 
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testosterone into estradiol, (van der Molen et al. , 1981) and in 

certain regions of the CNS, which can convert dihydrotestosterone into 

estrogenic compounds, (Naftolin et al., 1971). 

While serum testosterone levels continue to increase during 

pubertal development in the bull calf, there is a slow decline in the 

serum concentration of LH. The continuing increase in testicular 

response following peak LH stimulation at 14 weeks of age reflects a 

greater degree of sensitivity due in part to an increase in testicular 

testosterone synthesis, as reflected by the increase in the peak 

amplitude of the testosterone response. As previously mentioned, a 

high circulating titer of LH increases the rate of cellular 

differentiation in the developing testes, resulting in incorporation of 

a larger population of testosterone-secreting cells. An alternative 

hypothesis could be an increase in the concentration of LH-receptors 

within the Leydig cell population, thereby, resulting in an elevation 

in testicular sensitivity. Eventually, the decline in pulsatile LH 

stimulation results in a fall in the serum testosterone concentration, 

until the feedback pathway has adjusted to the rhythmic activity of the 

adult (Courot, 1976). 

H. Gonadal Regulation of Prepubertal Pituitary LH Secretion. 

Following 16 weeks of development, inhibitory gonadal feedback 

on the hypothalamic-pituitary axis becomes significantly more potent as 

noted by the inverse relationship between declining titers of 

circulating LH and rising serum concentrations of testosterone. The 

primary component of the decline in the serum LH concentration is a 

direct result of a lack of pituitary LH release as noted by the 2-fold 
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drop in the number of LH pulses measured over a 6 h period between 16 

and 20 weeks of age in prepubertal bull calves and ram lambs (McCarthy 

et al. , 1979; Olster and Foster, 1986). The ability to suppress 

pituitary LH secretion can also be demonstrated in human males 

following a 3 day treatment with testosterone propionate, which 

suppressed serum LH concentration by 60% as compared to mean basal 

levels in control subjects (Peterson et al., 1968). The dependence of 

the gonads as the source of negative feedback on the suppression of 

pituitary LH secretion is demonstrated by the elevation in serum LH 

concentration following gonadectomy (Bolt, 1971). Castration performed 

in growing ram lambs at 30 day intervals between 30 and 150 days of age 

resulted in a 4-fold elevation in serum LH levels by 2 weeks of age 

which could be suppressed by im injection of testosterone propionate 

(Crim and Geschwind, 1972). However, these researchers failed to 

demonstrate an age-related effect on the castrational response due 

primarily to an inadequate frequency of sampling, i.e. weekly vs. a 

more intensive hourly rate. The rate of increase in serum LH levels 

following castration can provide some indication of the maturation of 

inhibitory gonadal feedback on pituitary LH secretion and has been 

shown to occur at a more rapid pace with increasing age at the time of 

castration (Pelletier et al., 1981b). As previously noted, serum LH 

levels fail to rise following neonatal castration in bull calves until 

7 to 10 weeks of age (Wise et al., 1987). By 4 months of age the delay 

in the pituitary LH response following castration is only a day or so 

(Lacroix and Pelletier, 1979a) which can be further shortened as seen 

by castration in the adult animal resulting in elevation of serum LH 
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levels by 7 to 8 hours postoperation (McCarthy and Swanson, 1976). A 

possible hypothesis for the role of inhibitory gonadal feedback during 

early prepubertal development is the association with a time-keeping 

mechanism in which gonadal steroids would keep pituitary LH secretion 

suppressed until stimulatory input by internal monitors of growth rate 

signal the ability of the animal to undertake the nutritional strain of 

reproductive function. 

Although endogenous testosterone is able to effectively 

suppress pituitary gonadotropin secretion, evidence is accumulating 

which demonstrates a higher potency of testosterone metabolites, 

estradiol and dihydrotestosterone, in regards to their ability to 

significantly lower serum gonadotropin concentrations (Schanbacher et 

al., 1983; D'Occhio et al,, 1982). When human males were given Teslac, 

an aromatase inhibitor, in conjunction with testosterone propionate, 

circulating LH concentration was decreased by 45% in the absence of any 

alteration in the serum concentration of estradiol (Marynick et al., 

1979). However, closer examination of the data presented from this 

study also depicts the contributing effects of estradiol to the 

suppression of serum gonadotropin levels in addition to that measured 

for testosterone. When Teslac was given alone, circulating levels of 

LH rose 45% above the serum LH concentration measured in control 

subjects, which provides some indication of the portion of inhibitory 

influence provided by circulating estradiol. Similar results on work 

with aromatase inhibitors have been reported in the developing ram 

lamb in which im injection of aminoglutethimide (AG) into testosterone-

implanted wethers resulted in a 3-fold increase in serum LH 
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concentration while circulating estradiol levels fell by 50% 

(Schanbacher, 1984a). Alternatively, when intact rams were actively 

immunized against endogenous estradiol, pulsatile pituitary LH 

secretion was significantly stimulated resulting in a 2- to 3-fold 

increase in serum LH concentration even in the presence of 6- to 14-

fold increase in circulating testosterone levels (Schanbacher, 1984a). 

The ability of dihydrotestosterone as a potent inhibitor of pituitary 

LH secretion was recently demonstrated in a study involving castrated 

rams in which sc implants resulted in a 30-fold decline in circulating 

LH levels when compared to castrates at 2 weeks postoperation 

(Schanbacher, 1985). The conclusion from many of these types of 

studies evaluating the ability of testosterone, dihydrotestosterone and 

estradiol to effectively suppress serum gonadotropin concentrations in 

castrate animals is that, for the most part, estradiol proved to be the 

most potent inhibitor due to its ability to reduce pituitary LH output 

at picomolar concentrations and in long-term castrated animals when 

testosterone failed to do so (Resko et al., 1977b; D'Occhio et al., 

1983). 

The site within the hypothalamus-pituitary axis where gonadal 

steroids influence serum gonadotropin levels is believed to be through 

the inhibition of hypothalamic secretion of GnRH. In vitro studies, in 

which pituitary tissue was incubated with GnRH alone or in the presence 

of testosterone, have shown that testosterone does not significantly 

affect the degree of GnRH-stimulated LH release (Kao and Weisz, 1975). 

In accordance with these studies, researchers have found that 

GnRH-infusion into steroid-implanted wethers and bull calves resulted 
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in a rhythmic, pulsatile secretory pattern for LH (Schanbacher and 

D'Occhio, 1984b; Pelletier, 1970; Schanbacher, 1985; Caminos-Torres et 

al. , 1977). Direct examination of gonadal influence on hypothalamic 

GnRH activity was conducted by measuring the concentration of GnRH in 

hypophyseal portal blood from intact versus castrate rams; the results 

of this study illustrated a significant increase in the rate of 

pulsatile GnRH secretion in castrate rams, thereby providing direct 

evidence that gonadal suppression of pulsatile GnRH secretion results 

in a reduction in circulating levels of LH in the intact animal (Caraty 

and Locatelli, 1988). Another interesting demonstration by this study 

was that fewer GnRH secretory peaks were translated by the pituitary 

into a subsequent release of LH in intact rams suggesting that gonadal 

steroids desensitize the pituitary in some manner to hypothalamic 

stimulation, possibly at a postreceptor site (Pieper et al., 1984; 

Duncan et al., 1983; Attardi and Happe, 1986), or that some GnRH pulses 

serve to prime the pituitary to subsequent stimulation (Clarke and 

Cummins, 1987b). 

Within the area of the hypothalamic GnRH-secreting neurons, in 

vitro analysis has revealed the ability of diencephalonic tissue to 

aromatize androstenedione to estradiol which points to a possible 

direct role for this steroid in modulating hypothalamic GnRH activity 

(Naftolin et al., 1971). The actions of steroids are believed to be 

mediated through cytosolic receptors which have been detected in the 

cytosol of pituitary (Thieulant and Pelletier, 1979) and hypothalamic 

tissue (Pelletier and Caraty, 1981a), and have, furthermore, been 

correlated to the resistance of long-term castrates animals to 
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inhibitory gonadal influence mediated through sc steroid implants 

(Schanbacher et al., 1984c). Alternatively, the loss in sensitivity to 

inhibitory gonadal feedback could be due to a lesion in 5alpha-

reductase, the enzyme required for conversion of T to DHT (D'Occhio et 

al., 1985). In any case, during pubertal development the hypothalamic-

pituitary axis escapes from under the influence of inhibitory gonadal 

feedback (Olster and Foster, 1986) as witnessed by the greater 

concentration of testosterone needed to be injected to suppress serum 

LH concentration (Lacroix and Pelletier, 1979a; Lee et al, 1976b). 

Summary 

The reactivation of the hypothalamic-pituitary-gonadal axis 

during prepubertal development is primarily the result of an increase 

in the rate of pulsatile GnRH secretion by the hypothalamus. The 

ontogeny of pulsatile GnRH release is either a factor of developing 

stimulatory input into those regions controlling the hypothalamic pulse 

generator or a release from inhibitory input. Due to the lack in the 

ability to demonstrate an effect on the hypothalamic-pituitary axis 

following infantile castration, an escape from hypersensitivity to 

negative gonadal feedback does not provide a possible explanation for 

the initiation of post-natal LH secretion. Further studies into the 

nature of intrinsic CNS control on the rate of hypothalamic pulsatile 

GnRH secretion could reveal a novel regulatory system providing the 

answer not only to the timing of pubertal events but possibly the 

answer to mechanisms involved in certain endocrinology abnormalities. 
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CHAPTER 3 

ONTOGENY OF PULSATILE SECRETION OF 
GONADOTROPIN-RELEASING HORMONE IN THE BULL CALF 

DURING INFANTILE AND PUBERTAL DEVELOPMENT 

Abstract 

During the infantile period of development in the bull calf 

(birth to 6 weeks of age), there is a virtual absence of episodic 

secretion of luteinizing hormone (LH). Transition from infancy to the 

prepubertal period (6-10 weeks of age) is characterized by the onset of 

episodic LH release. This study was conducted to characterize the 

ontogeny of episodic gonadotropin-releasing hormone (GnRH) release 

during these developmental periods. During the primary experiment, 

calves at 2, 5, 8 and 12 weeks of age (n-4/age) were surgically fitted 

with cannulae for the collection of mixed hypophyseal portal and 

cavernous sinus (HPCS) blood. HPCS and jugular blood samples were 

collected over a 9 to 12-h period at 10 min intervals. No pulses of LH 

were observed in calves at 2 or 5 weeks of age. At 8 and 12 weeks of 

age, pulsatile LH release became evident with a mean average of 1.0+0.3 

and 2.20+0.7 pulses/10-h, respectively. Unlike LH secretion, calves at 

both 2 and 5 weeks of age released GnRH in a pulsatile manner (3.5+0.2 

and 5.0+0.6 pulses/10-h, respectively). The frequency of pulsatile 

GnRH release increased from 7.9+0.4 pulses/10-h at 8 weeks of age to 

8.9+0.7 pulses/10-h at 12 weeks of age. These findings demonstrate 

the presence of pulsatile secretion of GnRH during the infantile period 
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of development. Furthermore, the postnatal ontogeny of pulsatile LH 

release in this species is associated with an increase in the frequency 

of pulsatile GnRH secretion. 

Introduction 

Changes in the activity of the hypothalamic-pituitary axis, as 

reflected by the rate of secretion for gonadotropic hormones, are 

prevalent during sexual maturation of the male in a number of species 

(Monroe et al., 1983; Plant, 1980; Lee et al., 1976a; Florcruz and 

Lapwood, 1978; Colenb'ander et al., 1977; Lee et al., 1970; Lacroix and 

Pelletier, 1979b), including the bovine (Amann and Walker, 1983b; Amann 

et al. , 1986). Detectable levels of LH appear in the serum of fetal 

calves as early as 2 months of gestational age and continue to increase 

until 6 months of gestation (Challis et al., 1974). Following the 

increase in the serum concentration of LH during fetal development, the 

gonads become increasingly sensitive to this pituitary stimulus as 

illustrated by the rise in circulating levels of testosterone (Challis 

et al., 1974). Concurrent with the increase in the serum concentration 

of testosterone are high levels of conjugated estrone and estradiol 

(Velle, 1958), presumably the result of placental aromatization 

(Ainsworth and Ryan, 1966). As a result of the high circulating levels 

of gonadal steroids, the ability of the pituitary to secrete 

gonadotropins is greatly suppressed (Gluckman et al., 1983) for the 

latter part of gestation. In the calf, the absence of pulsatile LH 

secretion is maintained throughout infancy, birth to approximately 6 

weeks of age, until the transition into the prepubertal period of 

development (Amann and Walker, 1983b; Amann et al., 1986; Wise et al., 
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1987). The beginning of the prepubertal period of development is 

marked by the initiation of post-natal pulsatile LH secretion (Amann 

and Walker, 1983b; Amann et al., 1986; Wise et al., 1987). Recent 

evidence suggests that prior to 10 weeks of age, a significant change 

in the ability of the pituitary gland to secrete gonadotropins does not 

occur following castration (Wise et al. , 1987; Bass et al., 1977). 

Rather than the presence of inhibitory input by gonadal factors on the 

release of pituitary gonadotropins, a more likely hypothesis for the 

lack of detectable levels of gonadotropic hormones would be the absence 

of stimulatory input into the hypothalamic-pituitary axis. Associated 

with the onset of pulsatile LH release is a greater degree of 

sensitivity of the anterior pituitary gland to hypothalamic stimuli as 

witnessed by the increase in receptors for GnRH and in the availability 

of releasable LH (Amann et al., 1986). These alterations in the 

sensitivity of the pituitary gland have been further documented as an 

age-associated increase in the duration and amplitude of the LH 

response to an administered bolus of GnRH (Lacroix and Pelletier, 

1979a). In addition, changes in the anterior pituitary concentration 

of LH and of receptors for GnRH are closely regulated by changes in the 

frequency of pulsatile GnRH secretion from the hypothalamus (Gregg et 

al., 1987). Therefore, our objective in the present study was to test 

the hypothesis that an increase in pulsatile GnRH release during the 

transition from infantile to prepubertal periods of development 

coincides with the initiation of pulsatile LH release. 



48 

MATERIALS AND METHODS 

Experiment 1 

Animals 

Twenty-one Holstein bull calves were utilized in the following 

experiment. Calves were obtained at birth and fed a whole milk ration 

for approximately 6 weeks. Beginning at 3 weeks of age, a standard 

calf starter ration was made available on an ad libitum basis along 

with fresh water. Calves were penned in groups of three in outdoor 

enclosures until the start of the experiment. Two days prior to 

surgery, calves were moved into an environmentally-controlled building 

and housed individually under a photoperiod of 12-h of light and 12-h 

of dark. 

Description of Surgical Operation 

A modification of the hypophyseal-portal blood collecting 

procedure of Clarke and Cummins was utilized (Clarke and Cummins, 

1982). At the time of surgery, calves were preanesthetized with sodium 

pentobarbital and maintained on halothane (1-3%) for the duration of 

the surgery. After positioning the head in a metal-restraining device, 

the sinus turbinates were exposed and depressed. A transnasal, 

transsphenoidal route was taken to expose the anterior face of the 

pituitary gland. A specially-designed cannula was fixed into position 

using dental acrylic for later collection of mixed hypophyseal portal 

and cavernous sinus blood (HPCS blood). The continuous nature of the 

cavernous sinus capillary network in the bovine prevents exclusive 

collection of hypophyseal portal blood. The specially-designed cannula 

used for collecting HPCS blood was constructed of hypodermic stainless 
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steel tubing (od. 3.75 mm, wall 0.38 mm) and silastic tubing (od. 3.18 

nun, id. 1.59 mm). Within a 2 cm segment of plastic tygon tubing (id. 

6.35 mm, od. 9.53 mm), a 10 cm length of hypodermic steel tubing and 

the silastic tubing were affixed to the walls with silicon rubber to 

create an artificial sinus for collecting blood. The upper hypodermic 

steel tubing served as the entry cannula for a 21 gauge trochar to 

sever capillaries lying in the immediate area. The lower silastic 

tubing was connected to a peristaltic pump for collection of HPCS 

blood. 

Collection of Blood Samples 

Two days postoperation, a teflon catheter was inserted into 

the jugular vein followed by an initial dose of heparinized saline 

(20,000 IU). Approximately one hour after the initiation of jugular 

venous blood sampling, the distance to the anterior face of the 

pituitary gland was determined. The hypodermic trochar was inserted 

2-3 mm into the tissue and rotated 180 degrees. Continuous aspiration 

via a peristaltic pump was applied to the collection cannula. HPCS 

blood was collected into tubes maintained in an ice water bath, and 

these tubes were changed every 10 min following collection of a jugular 

venous sample. Plasma from HPCS samples was immediately harvested by 

centrifugation and stored at -20°C. Hematocrit values were recorded 

on each HPCS sample to determine if contamination of the sample with 

cerebral spinal fluid had occurred. Samples containing jugular venous 

blood were kept at 5°C overnight before plasma was harvested by 

centrifugation. 
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Experiment 2 

Holstein bull calves (n-18) were obtained and maintained as in 

experiment 1. These calves were penned individually outside for the 

duration of the experiment and assigned to a specific age group, either 

2, 4, 6, 8, 10 or 12 weeks of age. For a period of 8 hours, jugular 

venous blood was sampled from each calf every 10 min. Samples were 

allowed to clot overnight at 5°C. Serum was harvested and stored until 

analyzed for concentrations of LH. 

Assays 

Jugular venous plasma and serum samples were analyzed for the 

concentration of LH using a previously validated RIA (Niswender et al., 

1969) with 1125-labelled USDA-bLH-I-1 as tracer. NIAMMD-bLH-4 served 

as standard. The ovine LH antibody R-15 was kindly supplied by Dr. 

G.D. Niswender. The lower limit of detection was 0.04 ng/tube as 

determined by inhibition of total binding to 90%. The concentration of 

GnRH in HPCS plasma samples was determined by a double-antibody 

procedure (Nett and Adams, 1977) using R-42 antibody provided by Dr. 

T.N. Nett. The lower limit of detection was 0.67 pg/tube. The intra-

and interassay coefficients of variation for both the LH and the GnRH 

assays was <5% and <12%, respectively. 

Validation of Cannula Tip Placement 

To verify that HPCS blood was collected, several criteria were 

examined. Approximately half of the calves were euthanized after HPCS 

blood collection, and the anterior pituitary gland was examined. 

Lesions into hypophyseal-portal vessels on the anterior face of the 

pituitary gland were verified, and their location noted. Additionally, 
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calves where HPCS blood collection was maintained for the entire 

experimental period, a bolus of Naloxone (100 mg, iv) was given, and 

sampling continued for 1-hour. Naloxone, a known opiate receptor 

antagonist, was given to stimulate an increase in hypothalamic release 

of GnRH. Further verification of cannula tip placement was performed 

on calves where sufficient HPCS plasma was available after extraction 

for GnRH. In these animals, a series of 5-6 HPCS samples immediately 

preceding and following a detected pulse of GnRH were analyzed for LH 

concentrations. Increases in HPCS plasma LH concentration 

corresponding to increases in GnRH within the same sample were 

considered as a positive indication that HPCS blood samples were being 

taken. Of the 21 calves undergoing HPCS blood sampling, 5 were 

eliminated from the study because of failure to maintain HPCS blood 

flow. In the remaining 16 calves, HPCS blood collection was verified 

by at least two of the aforementioned means. 

Statistical Analysis 

Patterns of release for LH and GnRH were analyzed using a 

computer algorithm program (Cluster Analysis) developed by Veldhuis and 

Johnson (Urban et al. , 1988). This program utilizes a statistically 

based algorithm to detect significant increases and decreases in a 

longitudinal series of data as judged by a pooled t-statistic. The 

program contains a set of variable parameters which require adjustment 

according to the nature of the data collected by the investigator. For 

example, due to the short duration of the GnRH pulse signal, the size 

of the nadir and peak to be analyzed for significance was set at 3 and 

1 time points, respectively. In addition, the T-scores for detecting a 
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significant increase or decrease within the GnRH data was set at 3.0 

for both values to minimize the false-positive rate of peak/nadir 

detection. Age differences in hormonal secretory patterns were 

determined by one-way analysis of variance. When significant age 

differences were noted, means were tested using LSD multiple range 

test. 

RESULTS 

Validation of cannulation procedure 

In those HPCS-collected calves receiving naloxone, both HPCS 

GnRH and plasma LH responses were variable. Significant increases in 

HPCS GnRH were observed in 2/2, 2/3, 2/3 and 2/2 calves at 2, 5, 8 and 

12 weeks of age, respectively. The HPCS GnRH response of those calves 

responding to naloxone is shown in Figure 1. Only calves at 8 and 12 

weeks of age demonstrated a simultaneous release of LH in response to 

the naloxone bolus and subsequent release of GnRH (Figure 1) . The LH 

response to naloxone in older calves was inconsistent in that only 2 

of 4 calves that released GnRH in response to naloxone demonstrated a 

subsequent rise in the plasma concentration of LH. 

The absence of episodic LH in plasma samples of 2- and 5-week 

old calves prevented the establishment of corollary changes in this 

hormone and GnRH. Since our cannulation procedure lesions some of the 

cavernous sinus vessels, we reasoned that a minimal response in 

pituitary release of LH to endogenous GnRH may be more readily apparent 

in our HPCS samples taken from a closer proximity to the site of LH 

release. In calves sampled at 2 and 5 weeks of age, the occurrence of 

pulsatile GnRH release in HPCS samples corresponded with a subsequent 



53 

9 

> 

) 

> 

» 

> 

i 

I 

2 WEEKS 

A 
5 WEEKS 

8 WEEKS 
12 WEEKS 

A 

90 

40 

30 

20 

<0 

0 

40 

30 

20 

i 
io 5 

1 
i 5 

re 1. Representational changes in the pattern 
of GnRH and peripheral LH secretion 
following a bolus of Naloxone (100 mg, 
lv) for HPCS-collected calves at 2, 5, 
8 and 12 weeks of age. Naloxone was 
administered to each animal after the 
first data point. Data points represent 
samples taken at 10-minute intervals. 



54 

S WEEKS 2 WEEKS 

I  I  I  I  I  I  1  I  I  I  I  I  1  I  I  I  I  M i l  

12 WEEKS 

1111111111111 11111 
COLLECTION INTERVALS (10 mln) 

COLLECTION INTERVALS (10 mln) 

Figure 2. Changes in the pattern of GnRH and LH 
secretion as determined in identical 
HPCS samples for 2- and 5-week-old 
calves (N-4/age). Data points 
represent samples taken at 10-minute 
intervals. 



55 

rise in the concentration of plasma LH in these same samples (Figure 

2). Of the 20 pulses of GnRH examined, sixteen of these were 

associated with an increase in the HPCS plasma concentration of LH. 

Characteristics of GnRH Release 

There were pronounced age-associated differences in the 

frequency of pulsatile GnRH release in HPCS-collected calves (Figure 

3). The occurrence of pulsatile GnRH release was evident in HPCS blood 

samples collected from those calves regardless of sampling age. The 

lowest frequency of pulsatile GnRH secretion was found in 2 week-old 

calves (3.5 pulses/10-h) and continued to increase (8.9 pulses/10-h) 

through 12 weeks of age in HPCS-collected calves. The number of GnRH 

pulses at 2 weeks of age was substantially lower (P<0.05) than the 

number of pulses measured at 8 and 12 weeks of age. In addition, 

calves at 12 weeks of age had a significantly higher frequency of 

pulsatile GnRH release (P<0.05) than calves at 2 and 5 weeks of age. 

The increase in pulsatile GnRH release from 2 to 12 weeks of age was 

linear (Figure 3) over the ages sampled. The increase in GnRH pulse 

frequency over the experimental ages was not associated with a 

detectable change in amplitude of GnRH pulses (Figure 4). 

Relationship between GnRH and LH Release 

Representational patterns for the release of GnRH and LH 

during a 10-h sampling period at 2, 5, 8 and 12 weeks of age is 

depicted in Figure 5. While pulsatile release of GnRH was evident at 2 

weeks of age, pulsatile LH release in jugular plasma samples was not 

detected until 8 weeks of age. In addition to an absence of a 

pulsatile nature of plasma LH release following the establishment of 
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hypothalamic pulsatile GnRH secretion, concomitant release of LH did 

not always occur after a preceding pulse of GnRH at the later ages 

(Figure 5). 

There were no age-associated differences in the number of 

pulses in peripheral plasma LH between 8 and 12 weeks of age (P>0.05) 

in HPCS-sampled calves (Figure 3) . Over a 10-h sampling period, the 

number of LH pulses evident at 8 and 12 weeks of age were 1.0+0.3 and 

2.2+0.7, respectively. The frequency of LH pulses in these calves was 

considerably less (P<0.05) as compared to the frequency of pulsatile LH 

release in calves not cannulated for collection of HPCS blood (Figure 

6) . The amplitude of LH pulses in HPCS-sampled and control calves 

(Figures 3 and 6) did not differ at the ages (8 and 12 weeks) where 

pulsatile LH release was evident in both experiments. In calves not 

undergoing HPCS blood collection, the frequency of pulsatile LH release 

increased significantly (P<0.05) from 4 to 8 weeks of age, but not from 

8 through 12 weeks of age (Figure 6). No significant changes (P<0.05) 

in the amplitude of pulsatile LH release was detected from 2 to 12 

weeks of age (Figure 6). 

DISCUSSION 

Utilizing a modified technique of hypophyseal portal blood 

sampling, patterns of GnRH and subsequent patterns of LH were measured 

during the juvenile (birth to 6 weeks of age) and prepubertal periods 

of development in the bull calf. This study provides the first direct 

measurements of GnRH release in the bovine species and during these 

stages of sexual maturation. Patterns of secretion for GnRH and LH 

were episodic in nature with pulses of LH temporally-associated with 
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pulses of GnRH. Calves during the infantile period of development (2 

and 5 weeks of age) did not demonstrate a pulsatile pattern of LH 

secretion in peripheral samples. A similar void of pulsatile LH 

secretion during this period of development has been previously 

observed for this species (Amann and Walker, 1983b; Amann et al., 1986; 

MacMillan and Hafs, 1968). In these and the present study, pulsatile 

LH secretion was well established by 8 weeks of age and maintained at a 

relatively high-frequency rate of release through 12 weeks of age. 

Contrasting to the lack of episodic LH secretion in infantile calves, a 

pulsatile pattern of release for GnRH was present by 2 weeks of age and 

displayed a linear rate of increase through 12 weeks of age. The 

presence of pulsatile GnRH release at 2 and 5 weeks of age without a 

concomitant rise in peripheral LH concentration could be the result of 

a number of factors, ranging from possible adverse effects of the 

experimental blood-collecting technique to a general lack in the 

capability by the pituitary gland to respond to hypothalamic stimuli. 

Due to the lack of regularity within pulsatile patterns of LH 

secretion found in HPCS-collected calves, additional calves were 

sampled to determine any adverse effects HPCS-cannulation might impose 

on subsequent LH secretion. The results of this experiment are in 

agreement with the previous study, in that before 6 weeks of age 

pulsatile secretion of LH was minimal with only 5 pulses of LH being 

detected over the sampling period in 12 calves at 2 and 4 weeks of 

age. In addition, the greater than 2-fold increase in pulsatile LH 

secretion from 6 to 12 weeks of age in control calves paralleled the 

change in the frequency of LH release observed in HPCS-sampled calves. 
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However, pulsatile LH secretion in control calves at 6 weeks of age was 

equivalent to that determined for HPCS-sampled calves at 8 and 12 

weeks. This would suggest that our sampling technique may have blunted 

the ability of the pituitary gland to secrete LH in response to a given 

GnRH stimulus but only slightly deterred the rate of increase in 

pulsatile release of LH normally observed during this transitional 

period of development. 

The appearance of pulsatile GnRH secretion in the bull calf as 

early as 2 weeks of age was somewhat unexpected since there is a 

virtual absence of pulsatile LH release during this period of 

development. Comparison between GnRH and LH secretory profiles at all 

ages sampled illustrated a considerable number of GnRH pulses not 

followed by a concomitant release of LH. This phenomena has often 

been referred to as noise in the pattern of GnRH secretion, or silent 

GnRH pulses, and has been documented for the ewe (Clarke and Cummins, 

1982; Levine et al., 1982), for the ram (Caraty and Locatelli, 1988) 

and for the rat (Levine and Duffy, 1988) utilizing various procedures 

for direct assessment of hypothalamic GnRH secretion. However, with 

regards to HPCS-sampled calves, characterization of GnRH pulses based 

solely on statistical methods did not provide assurance that these 

low-frequency pulses were significant from background noise. When 

available HPCS samples were analyzed for LH concentration, significant 

rises in LH concentrations were detected concomitantly with the 

occurrence of GnRH pulses in the majority of samples. Thus, the 

anterior pituitary gland is not totally refractory to these pulses .of 



63 

GnRH. Furthermore, these silent pulses of GnRH could play a role in 

sensitizing the pituitary to hypothalamic activity by stimulating LH 

synthesis (Clarke and Cummins, 1987a). 

Interestingly, the ages at which there was an increase in GnRH 

pulse frequency from <1 pulse/2-h (5 weeks) to >1 pulse/2-h (8 weeks), 

corresponds with the previously reported (Amann et al., 1986) 3.8-fold 

increase in the pituitary content of LH. Studies measuring the 

pituitary content of messenger ribonucleic acid (mRNA) coding for the 

subunits of LH (Hamernik et al., 1986) have linked the requirement of 

pulsatile GnRH to the maintenance of mRNA concentrations for LH (alpha) 

and (beta) subunits sufficient in quantity to release significant 

amounts of LH in response to pulsatile GnRH release. Alterations in 

the frequency of pulsatile GnRH release have been shown to cause 

differential regulation of these LH subunits. GnRH pulse frequencies 

of 1/0.5-h to 1/1.0-h selectively increase levels of alpha subunit mRNA 

over those for beta subunit mRNA (Leung et al. , 1987). In addition, 

it was shown that the LH response to hypothalamic stimuli is more 

closely associated with the levels of beta subunit mRNA (Leung et al., 

1987). Additional studies on the interaction of the frequency of GnRH 

release on pituitary content of LH subunits (Haisenleder et al., 1987) 

have shown that slower pulse intervals of GnRH release (120 and 240 

min), as seen within our study, do not increase the pituitary content 

of LH subunit mRNAs and were detrimental to acute LH release. 

Therefore, one of the major underlying causes of the temporal 

dissociation between the initiation of GnRH and LH release, as seen in 
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the present study, may be the lack of pituitary LH content due to an 

inadequate rate of hypothalamic GnRH stimulation on pituitary LH 

synthesis. 

The insensitivity of the pituitary to hypothalamic stimuli is 

readily visible in experiments in which the LH response to a given dose 

of GnRH is measured as a function of age. A study by Lacroix and 

Pelletier (Lacroix and Pelletier, 1979a) demonstrated that from the 

initiation of the infantile period until the end of the prepubertal 

period (16 weeks of age) the characteristics of a measured LH response 

to a given dose of GnRH (2 micrograms/kg body weight) increased in peak 

value and duration. Similar results have been documented for the 

Rhesus monkey (Monroe et al., 1983), the post-natal pig (Elsaesser et 

al., 1988) and the ram lamb (Lee et al. , 1976b) during analogous 

periods of development. 

During the transition into the prepubertal stage of 

development, the temporal-dissociation that occurs between the 

initiation of pulsatile GnRH and LH secretory activity is primarily the 

result of maturational changes within the pituitary. Foremost among 

these may be the development of a population of GnRH receptors which 

will sensitize the pituitary to hypothalamic stimuli. Between 6 and 10 

weeks of age, a 4-fold increase in the number of receptors for GnRH 

(GnRH-R) occurs at the level of the pituitary (Amann et al. , 1986). 

Also, recent studies have shown that the rate of hypothalamic secretion 

of GnRH is a primary regulator of the number of its own receptors 

(Pieper et al. , 1984; Clayton et al. , 1982). Therefore, the increase 

in GnRH pulse frequency from 2 to 12 weeks of age could be the major 
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factor contributing to the increase in the anterior pituitary content 

of GnRH-R and would subsequently enhance the sensitivity of the 

pituitary gland to pulsatile GnRH stimulation. 

Contrary to the increase in GnRH pulse frequency during this 

period of development, there was not a significant age-associated 

change in the amplitude of pulsatile GnRH release, suggesting that this 

feature of GnRH secretion does not play a role in the initiation of 

pulsatile LH release. However, caution should be used in interpreting 

the GnRH pulse amplitude data. The procedure utilized to measure GnRH 

secretion in this study may not be totally reliable in measuring the 

amplitude of a GnRH pulse due to possible irregularities in the flow 

rate of HPCS blood, inability to replicate the same precise location of 

cannulae tips for all HPCS-collected calves, and the varying degree of 

the number of capillaries severed by the lesioning trochar. 

The observed increases in the frequency of pulsatile GnRH 

release and the previously reported changes in pituitary sensitivity 

(GnRH-R concentration and releasable LH stores) which occur during the 

transition into the prepubertal period of maturation do not appear to 

reflect a change in the sensitivity of the hypothalamic-pituitary axis 

to circulating levels of gonadal steroids. Castration in bull calves 

at 6 weeks of age does not result in a significant rise in the serum 

level or in the rate of pulsatile secretion of LH over intact controls 

until approximately 10 weeks of age (Wise et al., 1987; McCarthy and 

Swanson, 1976). Similar results have been documented during juvenile 

development for the Rhesus monkey (Plant, 1980) and in the ram lamb 

(Foster et al., 1972c). 
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Although androstenedione/testosterone are the primary gonadal 

steroids secreted by the male, many of their actions are thought to be 

mediated through the aromatized metabolite, estradiol (Olster and 

Foster, 1986; Schanbacher et al., 1983). The ability of diencephalic 

tissue, containing regions of the median eminence and the hypothalamus, 

to convert androstenedione to estradiol has been documented in the ram 

(D'Occhio et al. , 1983), in the monkey (Resko and Ellinwood, 1985) and 

in the human (Naftolin et al., 1971). In addition, during the 

transition into prepubertal development, levels of estradiol receptors 

within hypothalamic tissue are considerably elevated, suggesting a 

possible site of inhibitory feedback by this steroid (Amann et al., 

1986) . The existence of a functional inhibitory pathway by which 

gonadal steroids, particularly estradiol, could suppress the secretion 

of gonadotropic hormones by the pituitary has been documented for the 

bull calf, but it was concluded that circulating levels of estradiol 

were too low to stimulate action through this feedback mechanism until 

approximately 10 weeks of age (Wise et al., 1987). However, during the 

prepubertal period of development, pituitary insensitivity to 

hypothalamic stimuli would mask any alterations in hypothalamic 

activity produced as a result of a change in the sensitivity to 

circulating gonadal steroids, when measurement of LH is being used as 

an indicator of hypothalamic function. Therefore, further studies are 

needed to illustrate possible changes in the activity of GnRH-secreting 

neurons in response to castration and steroid-replacement, testosterone 

or estradiol, during this period of development. 
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In summary, our data suggest that a maturational change in 

hypothalamic release of GnRH drives the transition from the infantile 

to prepubertal period of development by enhancing pulsatile LH release. 

During infantile development the GnRH-pulse generator initiates 

pulsatile secretion of GnRH at relatively infrequent intervals. 

Maturational changes within the hypothalamus increase the frequency of 

GnRH release in the later phases of infancy, governed either by the 

development of central stimulatory inputs or by the removal of central 

inhibitory inputs. As the frequency of pulsatile GnRH release 

surpasses a bihourly rate of secretion, the anterior pituitary becomes 

sensitized to this stimulus and responds with an increase in LH and 

GnRH receptor synthesis. As available anterior pituitary stores of LH 

and pituitary sensitivity to hypothalamic stimuli increase, the greater 

frequency of GnRH release is translated into pulsatile release of LH. 

The increase in pulsatile release of LH, in turn, initiates the 

pubertal process by enhancing testicular steroidogenesis and 

gametogenesis. 
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CHAPTER 4 

CHANGES IN ANTERIOR PITUITARY RELEASE OF LH 
FOLLOWING PULSATILE GNRH INFUSION DURING INFANTILE 

DEVELOPMENT IN THE BULL CALF 

ABSTRACT 

The ability to detect hypothalamic GnRH secretion during the 

infantile period of development in the bull calf has recently been 

demonstrated and correlated to age - associated changes in the 

hypothalamic-pituitary axis which result in the initiation of pulsatile 

LH secretion during prepubertal development (Rodriguez and Wise, 1989). 

The present study was undertaken with the goal of hastening the onset 

of prepubertal pulsatile LH secretion by stimulating the preceding 

maturational changes in the hypothalamic-pituitary axis with a low dose 

exogenous GnRH infusion regime. Nine Holstein bull calves were 

assigned to the GnRH - treatment (GnRH-T) protocol (200 ng/5 

minutes/hour) at 1 week of age, while an additional 5 animals 

constituted a control group. On a weekly basis, jugular venous blood 

was collected every 10 minutes over an 8-hour period. Blood samples 

within the GnRH-T group were taken during 2 exogenous GnRH pulses 

followed by 6 hours of sampling without exogenous GnRH, for evaluation 

of parameters on LH secretion. Serum LH concentrations for GnRH-T 

calves at 2 and 3 weeks of age were lower (LSD:P-0.10) than that 

measured at 6 weeks of age, while serum LH concentrations were greater 

(ANOVA:P<0.01) in GnRH-T calves as compared to control calves from 2 
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through 6 weeks of age. There were no significant effects of GnRH-T on 

values for LH pulse height, nor were there any age-associated changes 

within either group over the duration of the study. LH pulse frequency 

in GnRH-T calves between 4 and 6 weeks of age was considerably greater 

(ANOVA: P<0.01) than the rate of LH secretion measured at 2 weeks of 

age. After 3 weeks of age, the rate of pulsatile LH secretion was 

greater (ANOVA:P<0.01) in GnRH-T calves over that measured in control 

calves. Pituitary LH content was greatly increased (ANOVA:P<0.001) 

following GnRH infusion (12.39+1.22 vs. 5.14+0.69 micrograms LH/mg of 

tissue, respectively). Taken together, these results indicate that an 

hourly rate of pulsatile GnRH secretion provides an adequate stimulus 

for initiating pituitary activity, which closely resembles the events 

leading to the onset of pulsatile LH secretion during prepubertal 

development. 

INTRODUCTION 

Entrance into the infantile period of development in the bull 

calf coincides with a cessation of anterior pituitary activity, in 

terms of LH output, resulting in a decline in serum LH concentration to 

levels below the sensitivity of current RIA methods (Wise et al., 1987; 

Lacroix and Pelletier, 1979b). Due to the temporal relationship 

demonstrated between pulsatile GnRH and LH secretion (Clarke and 

Cummins, 1982), previous thought on the absence of pituitary LH release 

during this period of development centered around complete gonadal 

steroid or intrinsic CNS inhibition of pulsatile GnRH secretion 

(Levasseur, 1977). However, prior to 10 weeks of age in the bull calf, 

removal of gonadal steroid inhibition following early post-natal 



70 

castration does not result in a significant change in serum LH 

concentration (Wise et al., 1987; Bass et al., 1977), which argues 

against a major role for gonadal influence on pituitary LH release 

during infantile development. 

Recently, sequential sampling of hypophyseal portal blood from 

2 to 12 weeks of age in the bull calf has illustrated the development 

of an increasing frequency of hypothalamic GnRH secretion prior to the 

onset of pulsatile LH secretion (Rodriguez and Wise, 1989). Pituitary 

insensitivity to this early phase of pulsatile hypothalamic GnRH 

secretion has been previously documented by studies illustrating 

age-associated changes in the pituitary LH response to a constant GnRH 

challenge (Kesler and Garverick, 1977; Bass et al., 1979; Mongkonpunya 

et al., 1975). A major underlying cause for pituitary insensitivity to 

hypothalamic GnRH stimulation during infantile and prepubertal 

development could be the lack of adequate concentrations of pituitary 

GnRH-receptors combined with low pituitary LH stores (MacMillan and 

Hafs, 1968). Both of these parameters have been shown to increase 

within the same time frame as the onset of prepubertal pulsatile LH 

secretion in the developing bull calf (Amann et al., 1986). 

The objective of the present study was to test the hypothesis 

that by artificially advancing the increase in pulsatile GnRH 

secretion, through controlled infusion of exogenous GnRH, the resultant 

age-associated changes will occur prematurely resulting in the ability 

of the pituitary to respond to endogenous GnRH stimulation. The 

ability to demonstrate this hypothesis will produce conclusive evidence 

that the hourly pulsatile rate of hypothalamic GnRH secretion 
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serves as the motivator for the morphological changes that occur 

within the pituitary coincident to the onset of pulsatile LH secretion 

during prepubertal development of the bull calf. 

MATERIALS AND METHODS 

Animals 

Fourteen Holstein bull calves were obtained at birth for the 

following experiment and maintained inside an environmentally-

controlled building. Calves were fed a whole milk ration for 

approximately the duration of the study. After 3 weeks of age, a 

standard calf starter ration was made available on an ad libitum basis 

along with fresh water. Nine of these animals were randomly assigned 

to the GnRH-treatment (GnRH-T) regime and penned individually, while 

the remaining 5 animals were grouped together. 

GnRH Infusion Procedure 

At 1 week of age, GnRH-T animals were equipped with a 

specially-designed intravenous catheter for pulsatile GnRH infusion. 

This catheter was constructed with approximately 30.5 cm of Intramedic 

polyethylene tubing (Becton Dickinson and Co.: od 1.70 mm, id 1.19 mm) 

attached to an 18-gauge needle. The catheter was inserted into the 

jugular vein and affixed at the point of entry into the skin with the 

remaining exposed area placed under a bandage wrap. Tygon tubing (od 

3.18 mm, id 1.59 mm, wall 0.79 mm) was utilized to connect the catheter 

to a peristaltic pump. The peristaltic pump was driven by an 

electronic timer for 5 minutes every hour and was calibrated to infuse 

5 mis. of GnRH solution over this duration. GnRH (Sigma L-7134) was 
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dissolved in physiologic (9 grams NaCl/liter of water) phosphate-

buffered saline at a concentration of 1.0 mg/ml and sterilized by 

membrane filtration (Nuclepore 47mm x 22 microns). A portion of the 

stock solution was diluted on a daily basis to a final infusion 

concentration of 40 ng/ml. 

Blood Sampling 

Blood samples were collected on a weekly basis in both GnRH-T 

and control animals beginning at 2 weeks of age. Jugular venous blood 

was sampled every 10 minutes for 8 hours through an indwelling 

catheter. GnRH-T calves were sampled after receiving 2 boluses of 

GnRH, via infusion pumps, during the first 2 hours of blood collection; 

after which time, pumps were turned off, and blood sampling was 

continued for an additional 6 hours. Approximately 3 mis. of blood was 

withdrawn per sample and replaced with an equal volume of physiologic 

saline. Blood samples were allowed to clot overnight at 5°C before 

serum was harvested by centrifugation (800 x g for 20 minutes) and 

stored at -20°C. 

Collection and Preparation of Tissue Homogenates and Supernatants 

At 6 weeks of age, both GnRH-T and control calves were 

euthanized with an overdose of sodium pentobarbital. The anterior 

pituitary was immediately removed and placed on ice while nondesired 

tissue was excised away. The anterior pituitary was dissected in half 

with one part stored in ice-cold TEDG buffer [0.01M Tris-HCl, l.OmM 

EDTA, 2.0 mM dithiothreitol and 10% (v/v) glycerol; pH 7.4 @ 5°C] for 

subsequent analysis of pituitary LH content, and the other part was 

snap-frozen in liquid nitrogen for later analysis of LH mRNA 
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(unpublished results). After weighing, the anterior pituitary sample 

was finely minced with a razor blade and combined with 10 mis. of TG 

buffer [0.01M Tris-HCl, 15mM molybdate and 10.0% (v/v) glycerol; pH 7.4 

@ 25°C] per mg of wet tissue weight. The anterior pituitary mixture 

was homogenized twice for 20 seconds at a speed setting #6 with the 

Polytron homogenizer before harvesting supernatants by centrifugation 

(30,000 x g for 45 min @ 4°C). Anterior pituitary supernatants were 

stored at -70°C until assays were conducted. 

Measurement of Serum and Pituitary LH Concentration 

The serum concentration of LH was analyzed using a previously 

validated radioimmunoassay procedure (Niswender et al. , 1969) with 

1251-labelled USDA-bLH-I-1 as tracer. Assay standards were made from 

dilutions of NIAMMD-bLH-4. All samples were assayed using the same 

1251 -labelled-bLH stock and bLH standards. The supernatant from 

anterior pituitary gland tissue was further diluted with TG buffer by 

1:100, 1:500, 1:2500, 1:12,500 and 1:62,500 of the original 

concentration before evaluation of LH content. The ovine LH antibody, 

CSU-204, was kindly supplied by Dr. G.D. Niswender, Colorado State 

University. The lower limit of detection was 0.03 ng/tube as 

determined by inhibition of total binding to 90%. The intra- and 

interassay coefficients of variation were less than 5% and less than 

12%, respectively. 

Statistical Analysis 

For each calf, each weekly 8-hour set of LH values was 

submitted for the detection of LH pulses to a computer algorithm 

program (Cluster Analysis) developed and revised by Veldhuis and 
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associates (Urban et al., 1988). T-scores used to detect a significant 

increase or decrease within a particular set of LH data were set at 2.0 

for both values to maximize peak detection. The number of points to 

average for nadir was set at 2 and for peak was set at 1. LH peaks 

detected by this program within a weekly data set were further 

scrutinized by an additional requirement that they exceed the value 

generated by the average nadir value of that data set plus twice the 

assay sensitivity (A.S.), [nadir + (2 x A.S.)]. Differences in 

hormonal secretory patterns, detected between GnRH-T and control 

animals or across ages within either the GnRH-T or control animal 

groups, were determined by one-way analysis of variance (ANOVA) with 

unequal replication. When significant age differences occurred, means 

were tested using least significant difference multiple range test 

(LSD). 

RESULTS 

LH Secretion Data 

Throughout the duration of this study, mean serum LH 

concentrations measured in control calves were, for the most part, 

below the limit of detection of our RIA procedure (approx. 0.15 ng/ml) 

over the 8-hour sampling period. Serum LH concentrations determined 

on a weekly basis in the control group (Figure 7) did not change to any 

significant degree as seen by the negligible rise from 0.17+0.01 ng/ml 

at 2 weeks of age to 0.21+0.01 ng/ml at 6 weeks of age, (means+SEM; 

N-5). From 2 through 6 weeks of age, serum LH concentrations measured 

in GnRH-T bull calves (Figure 7) were significantly (P<0.01) greater 

than those observed in control animals. The serum concentrations of LH 
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Figure 7. Mean LH concentration in GnRH-T (mean 
+ SEM; N-9) and control (mean + SEM; 
N-5) bull calves at 2, 3, 4, 5 and 6 
weeks of age. Serum LH concentrations 
were significantly (P<0.01) greater in 
GnRH-T vs. control calves from 2 
through 6 weeks of age. 
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Figure 8. Measurements of LH pulse amplitude In 
GnRH-T and control bull calves from 2 
through 6 weeks of age. There was no 
significant effect of GnRH-T on LH 
pulse amplitude at 2, 3, A, 5 or 6 
weeks of age. 
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Figure 9. The number of LH peaks detected over 
a 6-hour sampling period in GnRH-T and 
control bull calves at 2, 3, 4, 5 and 
6 weeks of age. LH pulse frequency was 
significantly (P<0.01) greater in GnRH-T 
vs. control bull calves at 4, 5 and 6 
weeks of age. 
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(means+SEM) in GnRH-T bull calves at 2 and 6 weeks of age were 

0.32+0.04 ng/ml (N-9) and 0.51+0.07 ng/ml (N-7), respectively. In 

addition, there was an age-associated increase (LSD:P-0.01) in the 

serum concentration of LH in GnRH-T bull calves between 2 and 6 weeks 

of age when circulating LH levels increased by 1.6-fold (Figure 7). 

There was no significant change in LH pulse frequency (# of LH 

pulses/6 h) for control calves from 2 through 6 weeks of age (Figure 9) 

with only 9 identifiable secretory episodes occurring within this group 

of animals throughout the duration of the study. The rate of pulsatile 

LH secretion measured in GnRH-T calves was significantly greater 

(P<0.01) than that determined in ccntrol calves from 4 to 6 weeks of 

age (Figure 9). At 4 and 5 weeks of age, the frequency of pulsatile LH 

release in GnRH-T compared to control calves was 1.56+0.24 vs. 

0.40+0.24 peaks/6-hours and 1.60+0.39 vs. 0.20+0.20 peaks/6-hours, 

respectively. There was a significant (P<0.05) age-associated increase 

in the rate of pulsatile LH secretion observed in GnRH-T calves between 

4-6 weeks of age and 2 weeks of age (Figure 9) as noted by the 2.9-fold 

increase in LH pulse frequency. There were neither any significant 

age-associated trends in LH pulse amplitude measured in the GnRH-T or 

control animal groups, nor were there any significant differences in 

the LH pulse amplitude between GnRH-T and control calves from 2 through 

5 weeks of age (Figure 8). 

A typical pattern illustrating the lack of pulsatile LH release 

by the pituitary during infantile development in the bull calf is shown 

in Figure 10. In contrast, following 3 weeks of exogenous GnRH 

infusion, pulsatile LH release in response to endogenous GnRH 
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Figure 10. Weekly representational patterns of 
serum LH concentration in a control calf 
from 2 through 6 weeks of age. Samples 
were taken every 10 minutes over an 
8-hour period. Arrows denote the 
occurrence of significant LH pulses. 
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Figure 12. Pituitary LH content measured in GnRH-T 
and control calves at 6 weeks of age. 
LH content in GnRH-T calves was 
significantly (P<0.001) greater than 
that observed in control bull calves. 
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stimulation can be detected in the pattern of serum LH concentration of 

a typical GnRH-T calf as shown in Figure 11. In addition, mean basal 

levels of LH are considerably higher in the representational patterns 

of serum LH concentration (Figures 10 and 11) in the GnRH-T calf versus 

those observed in the control calf. 

Pituitary LH Content Data 

There was a significant difference (P<0.001) in pituitary LH 

content (micrograms of LH/gram of wet tissue weight) between GnRH-T and 

control calves when measured at 6 weeks of age (Figure 12) . Pituitary 

LH content in GnRH-T calves was 12.39+1.22 micrograms LH/gram of tissue 

(mean+SEM; N=9) compared to the lower level measured in control calves 

of 5.14+0.69 micrograms LH/gram of tissue (mean+SEM; N=5). 

DISCUSSION 

In the present study, we demonstrated the ability to increase 

pituitary sensitivity to endogenous GnRH stimulation following infusion 

of a low dose of exogenous GnRH at an hourly frequency. Detection of 

significant, discrete pulses of pituitary LH discharge (LH peaks > 1.0 

ng/ml) were present after 3 weeks of GnRH infusion (Figure 8) and 

increased to an elevated rate of approximately 1.5 LH peaks/6 h by 5 

weeks of age (Figure 9). As noted in Figure 11, a pituitary LH 

response to an exogenous GnRH bolus (100 ng) was not always 

demonstrable at the beginning of each weekly sampling period and 

reflects to some degree the purpose for choosing such a small dose of 

GnRH for this study. Recent evidence on direct measurement of 

hypothalamic GnRH secretion during infantile and prepubertal 

development has shown that the onset of prepubertal LH secretion in the 
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bull calf follows a period of approximately 6 weeks wherein GnRH 

secretion in picomolar concentrations approaches an optimal frequency 

rate of 1 pulse every 75 minutes (Rodriguez and Wise, 1989). Utilizing 

the ovariectomized, hypothalamic-pituitary disconnected (HPD) model, 

the infusion of small doses of GnRH (250 ng) was found to be sufficient 

in maintaining a releasable pool of pituitary LH and may serve a role 

in priming the pituitary to subsequent larger GnRH doses (Clarke and 

Cummins, 1987). In a pilot study conducted prior to this experiment, 

several doses of GnRH (50, 100, 200 and 400 ng) were infused at an 

hourly rate, and the resultant patterns in serum LH concentration were 

determined by RIA. The pituitary was unable to respond to the 50 ng 

dose while serum LH levels did not return to baseline levels after 60 

min following injection of the 400 ng dose but, instead, continued to 

rise in response to the next successive bolus injection. Therefore, 

the repeated injection of a GnRH bolus greater than 200 ng would have 

resulted in the down regulation of pituitary LH response resulting in 

the development of pituitary refractoriness to subsequent GnRH 

stimulation (Clarke et al., 1986) and possibly delay the occurrence of 

puberty (Miller and Amann, 1986). 

As demonstrated by other studies, pituitary response to 

exogenous GnRH challenges increase in a time-dependent manner (Lacroix 

and Pelletier, 1979a; Reiter et al., 1976; Norman and Spies, 1979). 

From birth through 14 weeks of age, there was a significant (P<0.01) 

increase in the amount of inducible pituitary LH secretion following 

injection of a 100 microgram bolus of GnRH in both prepubertal bulls 

and steers (Bass et al., 1979). In an analogous study in developing 
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rhesus monkeys, a 500 microgram bolus of GnRH was incapable of 

eliciting an LH response from 6 to 30 months of age, presumably due to 

inadequate priming of the pituitary gonadotropes by endogenous GnRH. 

As in the previous study, the ability to stimulate pituitary LH release 

by exogenous GnRH could not be correlated with alterations in the 

sensitivity of the hypothalamic-pituitary axis to inhibitory gonadal 

steroid feedback, since serum gonadotropin levels fail to increase 

following neonatal castration of rhesus monkeys (Plant, 1980). 

During the prepubertal stage of development in the bull calf, 

a number of maturational changes occur within the hypothalamic-

pituitary axis which can be correlated with the increasing frequency of 

pulsatile LH secretion demonstrated in previous studies (Wise et al., 

1987). Between birth and 6 months of age, there is a linear increase 

in the weight of the anterior pituitary gland which occurs concurrently 

with a 3.8-fold increase in pituitary LH content between 6 and 10 weeks 

of age in the developing bull calf (MacMillan and Hafs, 1968; Amann et 

al. , 1986). In addition, pituitary concentration of GnRH receptors 

increased by 3-fold from 6 to 10 weeks of age resulting in an increase 

in pituitary sensitivity to endogenous GnRH stimulation as depicted by 

15-fold increase in pulsatile LH frequency (peaks/5 hr) between 4 and 

16 weeks of age (Amann et al., 1986; Amann and Walker, 1983b). Similar 

studies in the male rat demonstrate an increase in GnRH receptor 

concentration during sexual development and have shown a positive 

correlation between receptor concentration and degree of pituitary 

exposure to GnRH (Duncan et al., 1983). 
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Data on hypothalamic content of GnRH is not as conclusive due 

to a discrepancy between bioassay and immunoreactive measurements with 

some studies demonstrated an increase in bioassayable GnRH activity 

(MacMillan and Hafs, 1968) in comparison to studies depicting no change 

in levels during infantile through prepubertal development (Amann et 

al., 1986). In a recent investigation on alterations in the morphology 

of GnRH-secreting neurons during sexual development in the juvenile 

male monkey, there was no difference in the distribution and number of 

GnRH-containing neurons between adult and juvenile monkeys; however, a 

significant increase in the total cross-sectional area of GnRH-

containing neurons and in the cross-sectional area of the cytoplasm was 

noted in the adult animal and, thereby, provides additional support for 

increased synthesis of GnRH during sexual development (Cameron et al., 

1985). 

The basis by which alterations in GnRH pulse frequency can be 

correlated to the rnaturational changes occurring within the 

hypothalamic-pituitary axis throughout prepubertal development was 

first recognized by studies in which the loss of pituitary gonadotropin 

secretion, following abolishment of arcuate nuclei function, could be 

reversed with a pulsatile GnRH infusion regime capable of sustaining 

reproductive cyclicity in female rhesus monkeys (Knobil, 1980). In the 

present study, GnRH-T resulted in a 2.5-fold increase in pituitary LH 

content (Figure 12) coincidental to a 8-fold increase in LH pulse 

frequency by 6 weeks of age (Figure 9) which provides direct evidence 

for both GnRH stimulation of LH synthesis and release. Additional 

effects of hypothalamic GnRH stimulation on pituitary function have 



86 

been demonstrated in studies correlating alterations in pulsatile GnRH 

frequency to changes in the selective elevation of plasma 

concentrations of FSH vs. LH (Hausler et al., 1979; Adams et al., 1988; 

Clarke et al., 1984), pituitary GnRH receptor and LH concentration 

(Clarke et al. , 1987b; Lalloz et al., 1988), selective alteration in 

the pituitary concentration of LH alpha and beta subunits (Vogel et 

al., 1986; Leung et al., 1987; Haisenleder et al., 1987), elevation of 

serum LH levels following castration and during prepubertal development 

(Levine and Duffy, 1988; Caraty and Locatelli, 1988; Rodriguez and 

Wise, 1989), and maintenance of detectable levels of serum 

gonadotropins (Clarke et al., 1983; Lincoln and Fraser, 1979). In 

addition, studies in which pulsatile infusion of LH into prepubertal 

lambs (Foster et al., 1984) or GnRH into human males with idiopathic 

hypogonadotropic hypogonadism (Spratt et al., 1986) have pointed to the 

hypothalamus as the site regulating the onset of prepubertal 

development that will ultimately result in the capability to reproduce. 

The resulting conclusions from these studies point to the hypothalamic 

site as the controller for the initiation of pubertal development and, 

therefore, the need for additional studies on the neuronal input 

regulating pulsatile hypothalamic GnRH secretion during infantile 

development in the bull calf. 
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CHAPTER 5 

SUMMARY 

The hypothesis put forward at the commencement of this thesis 

project was that hypothalamic GnRH secretion, initiated during 

infantile development, stimulated an increase in pituitary sensitivity 

to GnRH interaction through elevation of pituitary LH and GnRH receptor 

concentrations. In response to an increase in these parameters, 

subsequent exposure of the pituitary gonadotropes to GnRH would result 

in the onset of pituitary LH release during prepubertal development. 

In our first experiment designed to specify the time during infantile 

development in which hypothalamic GnRH secretion is initiated, we 

discovered that as early as 2 weeks of age we could detect the presence 

of hypothalamic GnRH secretion which is not accompanied by simultaneous 

release of LH until 8 weeks of age, marking the transition between the 

infantile and prepubertal periods of development. During the 6-week 

period of time wherein the pituitary gonadotropes were unable to 

respond to the presence of pulsatile GnRH stimulation, the frequency of 

hypothalamic GnRH release increased to a rate of one cycle/hour. 

Studies conducted in the adult animal have linked the requirement of an 

approximate hourly frequency of exogenous GnRH stimulation to the 

maintenance of normal serum LH concentrations in order to sustain 

reproductive function (Foster et al., 1984; Spratt et al., 1986). 
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Therefore, we speculated that during infantile development in 

the bull calf, the rate of hypothalamic GnRH secretion is too 

infrequent to cause release of LH by pituitary gonadotropes until 

approximately 8 weeks of age; at which time, hourly exposure of the 

pituitary to GnRH instigates the age-associated changes in pituitary 

sensitivity which result in pulsatile pituitary LH release during 

prepubertal development. In our second experiment, we artificially 

exposed the pituitary gland to an hourly rate of exogenous GnRH 

stimulation during early infantile development and monitored the 

ability of the pituitary gland to respond to endogenous GnRH 

stimulation at weekly intervals. After 5 weeks of GnRH treatment, 

there was a significant increase in pituitary LH content. Furthermore, 

exogenous GnRH treatment enabled the pituitary gland to respond to weak 

endogenous GnRH stimulation during infantile development, as noted by 

the occurrence of significant LH pulses, and provides conclusive 

evidence that: (1). Infrequent GnRH release prior to 8 weeks of age 

results in the low circulating levels of serum gonadotropins 

characteristic of the infantile period of development, and (2). Hourly 

GnRH stimulation observed during the transition from the infantile to 

prepubertal period of development is responsible for the elevation in 

pituitary LH stores that occurs between 6 and 10 weeks of age in the 

bull calf (Amann et al. , 1986) and the subsequent initiation of 

pulsatile pituitary LH release during prepubertal development. 

The mechanisms that are responsible for the changes observed in 

the rate of hypothalamic GnRH secretion during the infantile to 
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prepubertal periods of development have not been thoroughly 

investigated. However, the proposed lack of pituitary gonadotropin 

secretion during infantile development was shown in a previous study to 

be independent of inhibitory gonadal feedback as demonstrated by the 

absence of a sharp increase in serum LH concentration following 

neonatal castration (Wise et al 1987). Investigations into a proposed 

link between monitors of body growth and the resumption of reproductive 

activity will provide many opportunities to study a variety of 

neuroendocrine control mechanisms in future research and, hopefully, 

help shed some light on reproductive abnormalities and alternative 

methods of contraception. 
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