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ABSTRACT

SENESCENT ALTERATIONS OF LH AND TESTOSTERONE
REGULATION AND HYPOTHALAMIC
CATECHOLAMINES 1IN
THE MALE RAT

By
Anna Elizabeth Miller

The effects of advanced age on the reproductive
control system was studied in male rats by examining
changes in serum testosterone and LH concentrations and
alterations which occur in the response to administration
of Luteinizing Hormone Releasing Hormone (LHRH), Human
Chorionic Gonadotropin (HCG), and L-dopa, and in hypothala-
mic catecholamine concentrations. Young adult (3-6 mo) and
aged (20-30 mo) male Long-Evans rats were used in these
studies.

The effect of HCG on serum testosterone was studied
in two trials. 1In the first experiment, 23 young and 27
aged male rats were assigned to one of three groups which
received jugular vein injections of 0.5 ml of physiological
saline or 0.5 ml of saline containing 1 or 5 IU of HCG.
Testosterone was measured by radioimmunoassay in serial
blood samples taken by orbital sinus puncture before injec-

tion and at 15, 30, and 60 minutes after treatment.
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Resting serum testosterone concentrations were found to be
significantly lower in aged male rats than in young male
rats. In the saline treated groups, testosterone remained
stable throughout the sampling period. After treatment with
HCG, serum testosterone was steadily increased in both age
groups over the sampling period. This increase in testos-
terone was approximately twice as great in young as in aged
males, and the 5 IU dose of HCG stimulated a greater
increase in testosterone than did 1 IU in both young and
aged groups.

In the second trial, groups of 32 young and 31 aged
male rats were assigned to one of 4 groups and received
intravenous injections of 0.5 ml of physiological saline
or 0.5 ml of saline containing 1, 5, or 20 IU of HCG.
Serial blood samples were taken from each rat prior to and
at 45, 90, and 150 minutes after the HCG treatment. Serum
testosterone was increased in both young and aged rats
following all 3 doses of HCG. The increases after each
HCG treatment were smaller in aged rats compared to young
rats. The increase in serum testosterone concentrations
following HCG injection was sustained throughout the
sampling period in both age groups.

In a second experiment, 17 aged and 24 young male
rats received 3 intravenous injections of 500 ng LHRH at
75-minute intervals. Serum LH was measured by radioimmuno-
assay in serial blood samples taken before each LHRH

injection and 15 minutes following each drug treatment.
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Young males were found to have higher LH concentrations and
higher serum LH concetrations 15 minutes after the first
LHRH injection than aged male rats. However, serum LH
levels were similar in both age groups before and after the
second and third LHRH injections.

In a third experiment, groups of 8 aged and 8
young male rats received intravenous injections of 500 ng
of LHRH. Serum testosterone was measured in serial blood
samples taken before and 15, 30, and 60 minutes after LHRH
injection and was found to be progressively increased
following LHRH injections in the young group while not being
significantly increased over saline injected controls in
the aged group.

A fourth experiment examined hypothalamic catecho-
lamine content of young and aged male rats. Groups of 16
aged and 16 young male rats were decapitated and their
hypothalami collected and weighed. Hypothalamic norepine-
phrine and dopamine were determined from hypothalamic
extracts by microflourescence after alumina absorption.
Hypothalamic dopamine and norepinephrine content were both
found to be about twice as great in young as in the aged
rats.

In a fifth experiment, groups of 19 aged and 30
young male rats were given an intravenous injection of
500 ng LHRH prior to and shortly after 10 days of treatment
with L-dopa. Serum LH was measured in blood samples taken

before and at 15 and 45 minutes after LHRH injection.
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Although the LHRH response prior to L-dopa treatment
showed that serum LH was higher 15 minutes after LHRH
injection in the young than in the aged rats, serum LH 15
minutes after LHRH treatment at the end of the L-dopa
injection regime was similar for both ages.

These data suggest that with age, functional
deterioration of gonadotropin control occurs at the level
of the gonad, pituitary, and at the hypothalamus. Although
aged male rats have lower serum concentrations of LH and
testosterone than young males, the responsiveness of the
testes and pituitary to LH and LHRH stimulation indicates
that these tissues are capable of maintaining higher levels
of secretion. These data are interpreted to indicate that
the primary dysfunction in the gonadal control system in
the aged male rat occurs in the hypothalamus or other

neural regulatory tissues.
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INTRODUCTION

While man has historically been fascinated with the
changes that accompany advanced age and has time and again
been haunted with hopes of reversing or retarding this
apparently inevitable process, the state of experimental
gerontology is still at the descriptive stage, a relative
infant in the bio-medical research field.

The progression of life from conception through
growth, development, physiological aging and the onset of
diseases leading to death, while primarily under genetic
control, clearly involves physiological control systems.
Gerontologists have long been fascinated by the possibility
of a direct relationship between aging and changes in
hormonal function. Many investigators have related changes
in endocrine control system function to aging. Reduction
of reproductive function with increasing age has been a
universal observation in mammalian species. A large amount
of recent experimental work has shown that reproduction is
regulated by complex control systems involving the central
nervous system, the anterior pituitary gland and the gonads.
Most hormones secreted by these tissues have been shown to

be influenced by the aging phenomenon. Alterations in



certain response thresholds and changes in the function of
the components of these control systems also appear to be
involved with the loss of reproductive function. It is
hoped that a better understanding of the effects of aging
on the endocrine neurophysiological control mechanisms will
be applicable to other neurophysiological control systems
and increase our knowledge of the biology of aging.

The research described here was done in an effort
to characterize the major sources of the alterations
6ccurring with age in the reproductive control system of
the male rat. The rat was selected as a model primarily
because of its short life span and the relative ease in
acquiring modest numbers of senescent animals in a short
time. The reproductive control system was regarded as an
appropriate model for an aging study since it has measurable
impairments occurring with age and the normal neuroendocrine
control system has been quite thoroughly established in

this species.



LITERATURE REVIEW

Gonadotropin Control

The literature published in recent decades con-
cerning reproductive control mechanisms is voluminous and
frequently conflicting. No attempt will be made here to
comprehensively review this topic. The purpose of this
review is to summarize recent findings and the relation-
ships relevant to our study of the control of male repro-
ductive function with age. Many recently published reviews
have given more exhaustive and comprehensive consideration
to the control of reproduction (Greep and Astwood, 1973,
1974, 1975).

Testicular activity has been clearly shown to be
controlled by the pituitary gonadotropins follicle stimu-
lating hormone (FSH) and luteinizing hormone (LH). It was
initially thought that FSH was primarily concerned with
the regulation of spermatogenesis, while LH was the primary
regulator of Leydig cell growth and androgen secretion
(Greep et al., 1936; Greep and Fevold, 1937). The finding
that the administration of testosterone alone is sufficient
to maintain spermatogenesis in hypophysectomized animals

(Nelson and Merckel, 1938) somewhat complicated this theory.



Also, a linear relationship between the capacity of the
Leydig cells to produce testosterone and the serum levels of
gonadotropins has not been demonstrated. It is now thought
that LH directly controls the secretion of androgens by the
testes and, along with FSH, then indirectly influences
spermatogenesis through its control over steroidogenesis.

Pituitary gonadotropins have also been shown to
control growth of the testes. Steinberger and Steinberger
(1972) have shown that at puberty in rats, increases in
plasma levels of LH and FSH are associated with dramatic
increases in testicular weight which largely reflects
growth of the seminiferous tubules. These workers also
found that in neonatal rats estrogen administration suffi-
cient to block gonadotropins also blocks growth of the
seminiferous tubules. However, it has also been shown
that several androgens, especially testosterone, can stimu-
late growth of the seminiferous tubules without the pres-
ence of gonadotropins, although the degree of stimulation
is significantly less than that seen with gonadotropins
(Steinberger and Steinberger, 1972). The growth of the
testes appears to be a complex process, involving several
different tissues, and it appears that the hormonal control
may be similarly complicated, involving both the gonado-
tropins and testosterone.

It is now accepted that the anterior pituitary
secretion of gonadotropins is largely controlled by the

hypothalamus. In male rats, median eminence lesions



result in atrophy of the testes and accessory organs, with
a dramatic decrease in plasma FSH and LH, and an increase
in prolactin secretion (DeVoe et al., 1965). The existence
of specific releasing factors that control pituitary secre-
tions is also well established. Highly purified LH-
releasing hormone (LHRH) is active in nanogram doses to

release LH iﬂ vivo and ig vitro (Fawcett and McCann, 1971).

Luteinizing Hormone Releasing Hormone (LHRH) has been found
to act directly on the pituitary gland to release LH, since
it is active (a) when injected into the peripheral circula-
tion in animals with lesions in the median eminence that
eliminate neural control of the gland, (b) when micro-
injected into the interstitial tissue of the pituitary,

(c) when perfused directly into a hypophysial portal

vessel, or (d) when added to pituitary incubates 12 vitro

(McCann, 1970).

Moore and Price (1932) were perhaps the first to
recognize that secretion of gonadotropins by the pituitary
is normally held in check by the feedback action of gonadal
steroids. When rats are orchidectomized, both plasma and
pituitary LH show a rapid and prolonged rise. Kalra et al.
(1971) demonstrated that administration of gonadal steroids
in castrates inhibits gonadotropin secretion. Single
injections of low doses of testosterone are capable of
rapidly lowering plasma LH.

Several workers have implanted minute amounts of

steroids into either the hypothalamus or the anterior



pituitary in an effort to localize their site of action in
modifying gonadotropin release (Rose and Nelson, 1957;
Davidson and Sawyer, 1961; Lisk, 1962; Bogdanove, 1963;
Chowers and McCann, 1965). Evidence indicates a direct
effect of steroids on the anterior pituitary, along with a
hypothalamic site of feedback such that the hypothalamic
content of LHRH is lowered. Furthermore, alterations in
the level of hypothalamic releasing factors have been shown
to follow castration (Meites, 1970).

Several studies have shown that hypothalamic control
of gonadotropin secretion by the anterior pituitary involves
the monoamine containing neurons of the hypothalamus as
well as other neural mechanisms whose actions may be inde-
pendent of or directly associated with the effects of the
catecholamines. Ungerstedt (1971) has shown that catecho-
laminergic tracts enter the hypothalamus and innervate many
anatomical regions. Lesion and stimulation studies have
shown these catecholamine tracts to be involved in hypo-
thalamic control of anterior pituitary secretions. Fuxe
(1969) has proposed that dopaminergic tracts terminating
in the region of the primary plexus of the hypothalamic-
pituitary portal blood system control the secretion of
releasing factors into the portal blood.

Direct evidence of catecholaminergic regulation of
hormone release has been provided by studies correlating
catecholamine administration with hormone secretion.

Dopamine injection into the third ventricle of estrogen



primed rats resulted in increased LHRH in portal blood
(Kamberi et al., 1969), and in systemic blood (Schneider
and McCann, 1970a), and increased serum LH in rats
(Schneider and McCann, 1970b; Kamberi et al., 1970).
Systemic injection of L-dopa, the precursor for dopamine,
has been shown to increase serum LH concentrations in female
rats (Watkins et al., 1975). However, these data do not
indicate the. mechanism by which L-dopa stimulates an
increase in LH. The recent studies of Sawyer et al. (1974)
and Cocchi et al. (1974) suggest that the release of hypo-
thalamic LHRH is stimulated by norepinephrine. These
reports would suggest that the systemically-injected L-dopa
was converted to norepinephrine for biological activity.
Following castration, Wurtman et al. (1969) found that
norepinephrine synthesis is increased and Donoso et al.
(1967) reported increased hypothalamic norepinephrine
content.

On the other hand, not all investigators agree with
the forementioned data. Fuxe and Hokfelt (1969) concluded
that catecholamines inhibit gonadotropin secretion and did
not detect norepinephrine changes following castration.

The molecular mechanism of catecholamine regulation of the
release of hypothalamic factors regulating gonadotropins
and comprehension of how multiple stimulatory and inhibitory

inputs may effect this system remain to be identified.



Aging

Introduction

The physiological control system mechanisms
governing reproduction have received considerable attention
in recent years, particularly regarding the location,
specificity, sensitivity, and mechanisms of action of the
reproductive control system components. While interest in
the effects of aging on reproductive control systems is
increasing, insight into the causes and origins of funda-
mental alterations and deterioration of reproductive
function associated with advanced age is still minimal.
Much of the work done in this field continues to be
oriented toward descriptive and quantitative data con-
cerning the effects of age on reproduction, with the
causative factors and mechanisms yet to be elucidated.

While this report is concerned only with the
effects occurring in the male with advanced age, a majority
of the aging studies to date concern females, and thus the
particulars of reproductive control system alterations with
age are more thoroughly known in females. Since many of
the components of the male reproductive control system have
equivalent counterparts in the female which are often
ultimately found to operate in a similar manner, the
effects of aging on both the male and female reproductive

control systems will be reviewed here.



Female--General Considerations

Decreased reproductive output has long been recog-
nized as a consequence of advanced age in mammalian species.
Several studies have shwon a decrease in litter size of
aging laboratory rodents (Blaha, 1964; Adams, 1970;
Thorneycroft and Soderwall, 1969a). Rugh and Wohlfromm
(1967) reported a decrease in average litter size in mice
from 9.5 at 3-5 mo to 7.6 at 10-12 mo of age.

Cyclic patterns of vaginal cytology in laboratory
rodents are also altered with age (Mandl and Shelton, 1958;
Ingram, 1959; Clemens and Meites, 1971; Peng and Huang,
1972). Aschheim (1976) has been characterizing these
changes in the rat for the past several years. Although
some aged rats remain cyclic throughout their 1lifespan,
Aschheim reports 2 changes in the estrous cycles of rats
which become evident in his colony at about 12 to 15 mo of
age. Beyond 10 months of age increased percentages of his
rats show either constant estrous or repetitive pseudo-
pregnant vaginal smears. Aschheim reported that rats
showing constant estrous vaginal smears predominate in the
second years of rat life (12 to 14 mo) with the repetitive
pseudopregnant state becoming dominant in the third year
(24 to 36 mo).

Ingram (1959) also reported a change in the sexual
behavior of aged rats with age, i.e., sexual acceptance of
the male was less strongly associated with vaginal

estrous-type cornification.
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Female--Gonadal Function

There are many possible explanations for the
alterations that occur in the outward signs of reproductive
activity with age. Several hypotheses have been suggested
to explain the effect of aging on litter size. The most
characteristic effect of aging on the ovary is the decline
in the number of oocytes (Krohn, 1967). Although the
number of oocytes are exhausted soon after menopause in
women (Jones, 1970), other species experience reproductive
failure with substantial numbers of oocytes remaining in
the ovaries. In most rodents the rate of loss of oocytes
is linear with increasing age and rarely reaches zero
before death. Studies by Adams (1970) showed that litter
size decreases more rapidly than ovulation rate with
increasing age, and Mandl and Shelton (1959) reported that
in rats, reduced fertility precedes depletion of
ovarian oocytes. Thorneycroft and Soderwall (1969a) found
a 7 fold increase in preimplantation deaths and a 2 fold
increase in postnidation resorption in aged hamsters as
another explanation for the decrease in litter size with
age.

Several structural changes in the ovary have been
reported to be associated with aging. Takacs and Verzar
(1968) reported increased ovarian collagen content with
age. Thorneycroft and Soderwall (1969b) found that senes-
cent hamsters had fewer ovarian follicles than young female

hamsters, while Aschheim (1976) reported that the number of
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eggs ovulated are normal in aged rats which retain normal
estrous cycles. Harmon and Tolbert (1967) reported a
higher incidence of degenerate-looking corpora lutea in the
ovaries of old pregnant mice and concluded that there was

a reduction in luteal function. In addition, the produc-
tion of corpora lutea decreases before there is any
evidence of failure by the follicles to respond to FSH
stimulation (Jones and Krohn, 1961). This observation
coupled with the appearance of "deficiency" cells in ovarian
interstitial tissue of aging rats (Wolfe, 1943) suggested
that the ability of the pituitary to supply ovarian stimu-
lation may be impaired with increasing age.

Ovarian steroid production in the human female
changes dramatically during menopause in spite of increases
in gonadotropic hormone secretion. Pincus et al. (1954)
reported a progressive decrease in total urinary estrogens
in women between the ages of 40 and 60 years. The relative
decline in estradiol is greater in this interval than the
decreases in estrone or estriol (Procope, 1969). Mattingly
and Huang (1969) found increased ovarian production of
androgens during the interval of declining estrogen secre-
tion in women. In addition, Dilman (1976) has shown an
increased production of noncalssical phenolsteroids
in the aging female. Adamapoulos et al. (1971) has
reported decreased pregnandiol excretion in women
approaching menopause, which suggests that ovarian proges-

terone secretion may also be effected by aging. The effect
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of aging on ovarian sex steroid secretion in laboratory
rodent species remains almost totally unknown. Most
estimates of aging effects on rat ovarian steroid secretion
have been derived indirectly, using vaginal cytology as an
index of sex steroid secretion.

Alterations in vaginal cyclicity with age have also
been correlated with ovulatory and luteinizing activity of
the ovary. Although the ovaries of constant estrous aged
rats are anovulatory, atrophic and contain no corpora lutea
(Aschheim, 1976; Clemens and Meites, 1971), aged repetitive
pseudopregnant rats show normal ovulation at intervals of
12 to 30 days. The presence of freshly formed corpora
lutea and the ability of the uterus to form deciduoma after
endometrical trauma suggest that aged pseudopregnant rats

are secreting considerable ovarian progesterone.

Female--Pituitary Function

Pituitary gonadotropin secretion is markedly
altered in aged females. Everitt (1976) points out evi-
dence for overstimulation of the ovary by excessive
pituitary gonadotropin secretion in aged women that could
lead to premature exhaustion of the ovary. However,
Baranov et al. (1972) found that the excretion of estrogen,
pregnandiol, and gonadotropins was not altered in women
until after the first missed menstrual period. Llewellyn-
Jones (1971) proposed that the decrease in the FSH:LH ratio

found with advanced age may be responsible for the changes
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in follicular development and sex steroid secretion associ-
ated with menopause.

In contrast, there is no evidence for increased LH
secretion in aged rats. Aschheim (1976) cited the existence
of ovarian deficiency cells in the interstitial tissue
beginning at 13 months of age as evidence of inadequate LH
stimulation. Aschheim also found that LH injection or
pituitary implants would make the deficiency cell undetec-
table in the aged rats, and injections of purified LH in
aged constant estrous rats will result in the resumption of
normal estrous cycles. This suggestion of inadequate LH
stimulation of aged rat gonads is supported by reports from
our laboratory in both male and female rats (Shaar et al.,
1975; Riegle and Meites, 1976). These studies have demon-
strated that serum LH is diminished and serum prolactin is
elevated in aged rats. Accordingly, Pecile et al. (1966)
has reported proportionally higher numbers of acidophils
present in aged rat pituitaries than in those of young rats.

Several workers have shown that pituitaries of
young rats can maintain ovarian function in ovaries trans-
planted from aged donors to young recipients (Peng and
Huang, 1972; Aschheim, 1976). Similarly, Pecile et al.
(1966) found that gonadal function in young hypophysecto-
mized female rats, as assessed by vaginal estrous cyclicity
and by uterine and ovarian weight, could be restored by
transplanting pituitary tissue from young donor rats.

Transplantation from older donors did not restore
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gonadotropic function. However, Peng and Huang (1972) also
showed that pituitaries from aged donors transplanted under
the median eminence region of hypophysectomized young adults
could sometimes restore estrous cycling and fertility.

The data summarized thus far indicate important
age differences in gonadal steroid and pituitary gonado-~-
tropin secretion in aged women and rats. These observations
support the view that the ovary is not the primary site of
malfunction in reproductive control systems in the aging
rat. Although functional‘alterations at the hypophysial
level are implicated, they may not be totally responsible
for senescent impairment of reproduction.

Pituitary gonadotropin content and pituitary
responsiveness to hypothalamic stimulation is also effected
by aging. Clemens and Meites (1971) found increased
prolactin content in aged constant estrous female rats.
Although Matsyama (1966) reported increased gonadotropin
content in 12 mo old constant estrous rat pituitaries,
Clemens and Meites (1971) have reported decreased pituitary
LH content. Watkins et al. (1975) and Riegle and Meites
(1976) recently reported lower serum LH concentrations in
aged rats in response to acute LHRH injections than in

similarly treated young rats.

Female--Hypothalamic Function

Many investigators now believe that a primary site

of age related alteration in the reproductive control system
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is the hypothalamus. Dilman (1976) suggests that aging of
the hypothalamus reduces its sensitivity to estrogen feed-
back, possibly due to impaired neurotransmitter synthesis
(Frolkis, 1966). This theory is supported by reports of
reduced inhibition of ACTH secretion by glucocorticoids in
aged rats (Riegle and Hess, 1972; Riegle, 1973). Shaar

et al. (1975) also demonstrated a smaller increase in serum
LH after castration in aged rats as compared to young rats
and a diminished response to negative feedback by adminis-
tered gonadal steroids. However, Odell and Swerdloff
(1968) and Wise et al. (1973) found similar hypothalamic-
pituitary sensitivity to estrogen feedback in both pre- and
post-menopausal women.

Alterations in hypothalamic function have not been
correlated with anatomical changes of the hypothalamus with
age. Andrew (1956) showed no cellular destruction in the
supraoptic and paraventricular nuclei in the senile human
hypothalamus. Finch (1973) also reported that brain weight
and cellularity do not vary with age.

Several studies suggest that differences in the
concentration of biogenic amines and the ability of the
hypothalamus to secrete its releasing hormones is of great
significance in the effect of aging on reproductive control
systems. Finch (1973) found that catabolism of norepine-
phrine and dopamine is decreased in aged mice. Clemens and
Meites (1971) reported elevated hypothalamic follice

stimulating hormone releasing factor (FRF) activity in
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aged constant estrous rats compared to that of young ones
on the day of estrous.

Attempts have been made to experimentally alter
hypothalamic control mechanisms. Systemic progesterone
treatment of several days duration to aged rats in constant
estrus is capable of inducing ovulation in association with
at least one apparently normal estrous cycle (Clemens
et al., 1969). Clemens et al. (1969) also demonstrated that
direct electrical stimulation of the hypothalamic preoptic
area of old constant estrous rats can cause ovulation.
Their report further showed that prolonged systemic epine-
phrine administration could induce ovulation in old rats,
the effect possibly mediated through alteration of certain
central nervous system neuroendocrine functions. Similarly,
chronic administration of L-dopa or iproniazid, drugs
assumed to increase hypothalamic catecholamine availability,
restored regular cycling patterns in old constant estrous
rats (Quadri et al., 1973). Watkins et al. (1975) reported
a decreased response to acute hypothalamic stimulation with
L-dopa in aged rats as compared to young rats. It was
found that the resulting increase in LH and decrease in
prolactin was less pronounced in aged rats.

Riegle and Meites (1975) demonstrated that young
rats respond to acute stress with increased serum LH, while
aged rats show no such increase with stress, suggesting
some alterations in the CNS mediated hypothalamic-pituitary

mechanism with age.
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Male--General Considerations

While the male reproductive system is often regarded
as less complex than that of females, it also seems that
investigators have a more incomplete understanding of the
details concerning male reproductive control mechanisms,
and particularly the alterations occurring in them with
age. In male reproduction, advanced aging is characterized
by the progressive decrease in spermatogenesis, hormonal

secretion, secondary sex characteristics, and libido.

Male--Gonadal Function

The testes of senescent rats have been found to be
significantly smaller than those of young adults (Peng
et al., 1973) and similar findings have been reported in
men (Stearns et al., 1974). A reduction in size and
activity of the seminiferous tubules has also been
reported in aged males(Adams, 1972). Although sperm
production has been found to decrease, abundant sperm have
been found in the testis and epididymis of sexually
inactive aged males (Bishop, 1970; Peng et al., 1973).
This observation that the loss of gametogenesis is not the
primary lesion associated with decreasing fertility in
aging males is in agreement with data from the female. The
most common degenerative change in the testis with age is
fibrosis in the seminiferous tubules. The numbers and
histological appearance of Leydig cells of the testis have

also been found to decline with advancing age (Albert,
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1961, Peng et al., 1973). On the other hand, Lynch and
Scott (1950) reported increased structural evidence for
activity of sertoli cells associated with atrophied Leydig
cells in the aged human testis. Here it was postulated that
increased sertoli cell secretions of estrogens could
inhibit LH secretion and contribute to the atrophy of the
Leydig cells. Peng et al. (1973) also reported decreased
seminal vescicle weight in aged rats.

There appears to be significant species differences
in hormonal changes occurring with age. Eleftheriou and
Lucas (1974) reported no decrease in serum testosterone
concentrations in aging mice. Reports generally agree that
plasma testosterone decreases in men over 70 years of age
(Vermeulen et al., 1972; Persky et al., 1971; Rubens et al.,
1974; Stearns et al., 1974), although Vermeulen et al.
(1972) observed changes in testosterone to be highly vari-
able. Ghanadian et al. (1975) found serum testosterone in
aged male rats decreased as compared to young adults.

There have also been some reports of decreased
testicular ability to respond to acute stimulation. Long-
scope (1973) showed that testosterone increased more in
young than in aged men after administration of HCG.
Similarly Rubens et al. (1974) reported decreased Leydig
cell response to HCG in aged men, and suggested that the
decreased testosterone secretion with age has a primary

testicular origin.
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Male--Pituitary Function

In support of the theory of primary testicular
degeneration in men, Stearns et al. (1974) reported that
mean LH concentrations rise after 40 yr of age, with
gonadotropin concentrations being inversely related to
testicular size. Stearns et al. (1974) hypothesize that in
men there is a primary decline in testicular function
beginning at 45-50 yr of age, with a resulting increase in
pituitary LH secretion. However, alterations in the
reproductive system of male rats appear to be somewhat
different. Riegle and Meites (1976) reported decreased
serum LH in the aged male rat as compared to the young
adult. Several reports have also shown decreased pituitary
LH with age (Debeljuk et al., 1972; Peng et al., 1973;
Riegle et al., 1976) in the rat. Debeljuk et al. (1972)
has also demonstrated that the pituitary response to acute
LHRH stimulation is decreased in aged male rats. These
reports indicate that testicular degeneration is not the
primary source of dysfunction in the reproductive control

system in the rat.

Male--Hypothalamic Function

There are conflicting reports concerning changes
occurring in the hypothalamic sensitivity to negative feed-
back with age. Peng et al. (1973) reported a larger
increase in plasma LH after castration in aged males than

in young male rats. Shaar et al. (1975) found the opposite
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result, accompanied by an increase in pituitary sensitivity
to testosterone negative feedback in aged male rats.

In summary, observations indicate that reproductive
control mechanisms are altered in aging mammals. It
appears, however, that the specific changes are not coinci-
dent in humans and in the rat. Data from men and women
imply primary degeneration of the gonad in both sexes may
result in the increased serum LH concentrations demonstrated
with advancing age. The rat, on the other hand, shows no
such increase in pituitary secretion and other sources of
degeneration besides the gonad may be implicated. There is
considerable evidence which suggests age alterations in the
function of the ovary, pituitary, and hypothalamus in the
female rat. To date, much less is known concerning aging
effects of gonadal control systems in the male. The experi-
ments to be presented were intended to further characterize
the alterations occurring in the reproductive control system
of the male rat with age and to try to localize the primary

site of these alterations.



METHODS

Experimental Animals

Young adult and aged male Long Evans rats (Blue
Spruce Farms, Altamont, New York) were used in these
studies. Rats included in the young group were three to
six months of age, while those classified as aged ranged
from twenty to thirty months. The studies included in
this report have considered the effects of age on these
two age groups only, with no consideration of intermediate
ages. Rats to be used in aged groups were obtained either
as retired breeders or surplus rats raised in our colony.
All rats were housed in the Endocrine Research Unit's rat
colony under conditions of controlled light (12 hr light
cycle) and temperature (21°-22°C) and given free access
to Wayne Lab-Blox (Allied Mills, Chicago, Ill.) and water.
Mean body weights for young and aged rats were 436 and
502 grams respectively. In some studies, rats were sub-
jected to more than one experimental treatment. In these
instances, all rats were allowed a period of recovery of
at least three weeks following previous experimental u<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>