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INTRODUCTION 

The secretion of the gonadotropins LH and 
FSH is controlled by the interaction of factors 
from brain and peripheral origin[I-4]. The 
decapeptide gonadotropin-releasing hormone 
(GnRH), originally isolated and characterized 
in the mammalian hypothalamus [5, 6], rep- 
resents a major physiological regulator of repro- 
ductive functions, but its pituitary effects are 
modulated by sex steroids and non-steroidal 
gonadal proteins. The secretion of GnRH itself 
is under the multifactorial influence of opiates, 
bioamines and steroids[3, 7]. LH and FSH 
are secreted concomitantly under a variety of 
physiological and pathophysiological circum- 
stances, but there are also several well-defined 
conditions of dissociated LH and FSH release. 
These include portions of the rodent estrous 
cycle[8], acute gonadectomy[9] and, in the 
male, Sertoli cell dysfunction[10, 11]. There 
is now evidence that non-steroidal gonadal 
compounds, including a 32 kDa protein 
called inhibin [12, 13], may be involved in medi- 
ating the non-parallel release of gonadotropins 
[14-17]. This paper will discuss some aspects 
of the physiological role and pharmacological 
effects of inhibin in the female rat. 

EXPERIMENTAL 

Female Sprague-Dawley rats were kept 
under standard laboratory conditions, with rat 
chow and water ad libitum. Ovariectomy, when 
necessary, was performed under metofane 
anesthesia. Blood samples were also obtained 
in anesthetized animals. Separated plasma were 
snap-frozen and kept at -20°C until assayed. 
Plasma LH and FSH levels were measured by 
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RIA, using reagents provided by the National 
Pituitary and Hormone Distribution Program 
of the NIDDK. Results are expressed in terms 
of the RP-2 LH or FSH standards. Recombi- 
nant human inhibin was prepared as described 
previously [18]. Following ANOVA, differences 
between treatments were analyzed by the 
multiple range test of Duncan. 

RESULTS AND DISCUSSION 

Inhibin is a protein secreted, in particular, 
by granulosa cells[19], which is found in 
follicular fluid (FF)[20] and which specifically 
interferes with FSH secretion[21,22]. The 
physiological role of inhibin has been demon- 
strated by experiments showing that immuno- 
neutralization of endogens inhibin increases 
plasma FSH, but not LH, in female rats aged 20 
days and older (Fig. 1)[23-26]. This suggests 
that FSH release is under the tonic inhibitory 
influence of endogenous inhibin. Further sup- 
port for the role of inhibin in mediating FSH 
secretion came from the simultaneous measure- 
ment of plasma inhibin and FSH levels in the 
female rat. Until day 17 of age, the circulating 
levels of both FSH and inhibin increase, and 
immunoneutralization of endogenous inhibin 
does not measurably alter FSH values [24, 26]. 
At day 17 however, plasma FSH levels show 
an abrupt decrease, accompanied by a concomi- 
tant rise in inhibin values [24], and from that 
time, polyclonal antibodies raised against the 
N-terminal portion of the 0t-chain of inhibin [27] 
increase radioimmunoassayable FSH levels [28]. 
These results suggest the existence of a func- 
tional relationship between inhibin and FSH 
in female rats older than 17 days and supports 
the hypothesis that endogenous inhibin plays 
a physiological role in regulating FSH secre- 
tion. 

The estrous cycle of the rat is characterized by 
a proestrous surge of LH and FSH (the primary 
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Fig. 1. Effect of immunoneutralization of endogenous in- 
hibin on FSH secretion in the female rat. Normal sheep 
serum (NSS) or polyclonal antibodies against the N-termi- 
nal portion of the ct-chain of inhibin were injected i.v. to 
intact rats. Blood samples were obtained 6 h later. Each bar 

represents the mean + SEM of 5 animals. **P ~< 0.0l. 

surge), while only FSH secretion increases 
during the early morning of estrous (the sec- 
ondary surge)[8]. Studies showing that injec- 
tions of purified FF, but not GnRH antagonists, 
interferes with this secondary surge[29-34], 
indicated that the estrous secretion of FSH was 
at least in part modulated by inhibin. We [35] 
and others [36] have provided support for this 
hypothesis by demonstrating that plasma radio- 
immunoassayable inhibin levels significantly 
decrease during late proestrous in rats showing 
a secondary FSH surge [35], that experimental 
manipulations which would prevent the de- 
crease in inhibin release (such as a blockade of 
the primary LH rise) abolish the estrous changes 
in FSH release, and that exogenous LH, which 
accentuates the fall in inhibin values of GnRH- 
antagonists treated rats[37], also restores the 
secondary FSH surge [32, 37-39]. 

While many valuable studies have been 
carried out with purified, charcoal-extracted FF 
as a source of inhibin, we now know that such 
preparations contain not only inhibin, but 
also activin (which specifically stimulates FSH 
release) and follistatin (which inhibits this 
release) [20, 22,40]. Therefore, the net FSH 
stimulating or inhibiting activity of FF depends 
on the interaction of several compounds, and 
does not represent the true biological action 
of inhibin. It was therefore of great interest to 
examine the ability of recently available prep- 
arations of recombinant human (rh) inhibin 
[18], to alter FSH and LH secretion. We have 
recently reported that the i.v. injection of rh 
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Fig. 2. Effect of the i.v. injection of rh inhibin on FSH and 
LH secretion in adult ovariectomized rats. Each bar rep- 
resents the mean + SEM of 5 animals. Blood samples were 

obtained 6h after treatment. *P < 0.05; **P < 0.01. 

inhibin causes dose-dependent decreases in 
plasma radioimmunoassayable FSH levels in 
the absence of measurable changes in LH 
secretion[41]. This effect can be observed in 
female rats as early as day 14 of age, as well as 
in both intact or ovariectomized adult animals 
(Fig. 2). In our hands, both mean plasma FSH 
levels and all parameters of pulsatile FSH 
secretion, are inhibited by rh inhibin [41]. 

These studies indicate that in addition to 
GnRH, sex steroids, and possibly follistatin and 
activin, inhibin represents an important regula- 
tor of FSH secretion in the female rat. 
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