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FSHB, as well as LHB, and a-subunit mRNA levels
were examined in the pituitary glands of male rats
after sex steroid replacement at various times (7,
28, or 90 days) after orchiectomy. Testosterone pro-
pionate, dihydrotestosterone propionate, or 173-es-
tradiol benzoate (E) were administered daily for 7
days before killing, to assess the role of different
gonadal steroids on gonadotropin subunit mRNA
levels. Subunit mRNAs were determined by blot hy-
bridization using rat FSHS genomic DNA, and « and
LHB cDNAs. At all time points, « and LH3 mRNAs
increased after gonadectomy and fell toward normal
levels with either androgen or estrogen replace-
ment. FSH3 mRNA levels increased variably post-
castration: 4-fold at 7 days, 2-fold at 28 days, and
4- to 5-fold at 90 days. Although E replacement
uniformly suppressed FSH3 mRNAs, neither testos-
terone propionate nor dihydrotestosterone propio-
nate administration suppressed FSH3 mRNA levels
at any time point after orchiectomy. These data
demonstrate that there is a relative lack of negative
regulation of FSHS mRNA levels by androgens in a
paradigm in which E administration results in
marked negative regulation of FSH3 mRNA levels.
Thus, in the male rat, estrogens negatively regulate
all three gonadotropin subunit mRNA levels while
androgens negative regulate LHZ and a-subunit but
fail to suppress FSHS mRNAs. (Molecular Endocri-
nology 2: 492-498, 1988)
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INTRODUCTION

We have shown recently that there is a differential
regulation of pituitary FSHB and LH3 mRNA levels by
sex steroids in male and female rats (1). In female rats,
FSHB mRNA levels are negatively regulated by estra-
diol, although the magnitude of the changes is less than
those of the LHB and a-subunits. In male rats FSHg
and mRNA levels, unlike those of « and LHB, are
relatively insensitive to negative regulation by castration
and replacement with testosterone. These observations
raised two questions. First, is the relative lack of
changes in FSHS mRNA levels in the male time de-
pendent relative to castration (i.e. is there a differential
sensitivity to androgen feedback at various times after
orchiectomy)? Second, what is the underlying etiology
for the discordant changes in FSHB mRNA levels with
castration and sex steroid replacement between the
male and female rat? Specifically, are there inherent
male/female differences in FSHS gene expression or do
estrogens and androgens differentially regulate FSHB
mRNA levels independent of sex?

To address these questions and thus to understand
further the role of sex steroids in the regulation of
gonadotropin production at a pretranslational level, a
castration-replacement model was used in which ste-
roid replacement was examined at various intervals
after orchiectomy (7, 28, or 90 days). Testosterone
propionate (T), Sa-dihydrotestosterone propionate
(DHT), or 173-estradiol benzoate (E) in supraphysio-
logical doses was administered to male rats to assess
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the role of the type of sex steroid on pituitary gonado-
tropin subunit mRNA levels. Additionally, the relative
amounts of mRNA for the «, LHB, and FSHgB subunits
from pools of pituitary glands of intact and gonadecto-
mized male vs. female rats were determined.

Our data document that there are modest elevations
in FSHB mRNA levels at 7 and 90 days after castration
in the male rat but little elevation at 28 days. Androgen
administration at all time points examined consistently
failed to regulate FSHB mRNAs negatively despite sup-
pressing « and LH8 mRNA levels. Estrogen replace-
ment to castrate male rats, however, as was seen
previously in the female, resulted in a substantial neg-
ative regulation of the FSHS subunit. These studies
demonstrate a marked differential regulation of FSHgS
by androgens and estrogen in the male rat.

RESULTS
Seven Days Post Castration

To assess whether one could observe negative regu-
lation of FSHS mRNA levels in the pituitary gland of the
male rat at early times post orchiectomy, the sex steroid
replacement paradigm was performed in animals at 7
days after surgical castration. At the secretory level,
serum FSH and LH levels increased 4-fold (P < 0.01)
and 14-fold (P < 0.01), respectively (Table 1). With 7
days of T replacement, LH levels declined to below
those of intact animals (P < 0.01). FSH levels also
declined, but less strikingly than LH levels and the
decline was not statistically significant.

Table 1. Serum Concentrations of FSH and LH of Intact,
Castrate (7, 28, or 90 days), and Castrate Rats Treated with
T, DHT, or E for 7 days

FSH (ng/ml) LH (ng/mi)
Intact 78+08 0.6 +£0.1
Castrate (7 days) 29.0 + 2.1° 93 +1.2°
+T 239 +29° 03 +£0.17°
Intact 89+04 1401
Castrate (28 days) 36.6 + 2.6° 9.2 +1.0°
+T 216 £1.3%°¢ 0.6 £ 0.1%°
+DHT 25.8 £ 1.3*7 0.6 £ 0.3*¢
+E 17.8 £ 0.6*° 1.8 +1.2%¢
Intact 93+0.6 09+08
Castrate (90 days) 31.6 + 3.4° 8.4 +1.0%°
+T 216 +£29° 0.5 +£0.1%°¢
+DHT 25.4 +1.5° 0.7 £0.1°
+E 19.8 + 1.7%¢ 20+ 0.1%¢

® Significance of comparisons to levels in intact animals; P
<0.01.

® Significance of comparisons to levels in intact animals; P
< 0.05.

¢ Significance of comparisons to gonadotropin serum levels
in castrate animals; P < 0.01.

9 Significance of comparisons to gonadotropin serum levels
in castrate animals; P < 0.05.
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At the level of subunit synthesis, pituitary « and LHB
mRNA levels rose 3.5- (P < 0.05) and 10.8-fold (P <
0.05), respectively (Fig. 1). At this time point, FSHS
mRNA levels were significantly higher [4.5-fold (P <
0.05)] than those in intact animals and animals killed at
28 days but similar to animals killed at 90 days after
castration. Although there was striking negative regu-
lation of @ and LHB subunit mRNAs by T (P < 0.01),
there was no significant decrease in FSHS levels with
androgen administration (P = NS).

Twenty Eight Days Postcastration Experiment

Serum gonadotropin and mRNA levels were measured
for intact rats and compared to animals 28 days
postcastration that were treated with sesame oil, T,
DHT, or E for 7 days before killing. With castration,
serum FSH and LH rose 4-fold (P < 0.01) and 20-fold
(P < 0.01), respectively (Table 1). LH levels decreased
toward or below intact levels with T (P < 0.01), DHT (P
< 0.01), or E (P < 0.01) replacement for 7 days. FSH
levels declined less markedly, but to values significantly
less than castrate levels for all three steroid treatments
[T (P < 0.01), DHT (P < 0.05), and E (P < 0.01)].

At the synthetic level, a dichotomy between the
changes observed in FSHS mRNAs and those of the «
and LHg subunits was demonstrated. Orchiectomy re-
sulted in 5-fold (P < 0.05) and 10-fold (P < 0.05)
increases in « and LHB mRNA levels, respectively,
whereas there was a modest increase [2-fold (P <
0.05)] in FSHB mRNA levels 28 days post castration
(Fig. 2A) as previously observed (1). With androgen
replacement for 7 days, there were prompt and striking
declines in a and LHB mRNA levels (P < 0.05 from
Cast) to those seen in intact animals (P = NS from
Intact), whereas both T and DHT administration re-
sulted in no significant decline in FSH3 mRNA levels (T,
DHT = NS from Cast). Estrogen replacement for 7
days, however, decreased markedly all three subunit
mRNAs from those of castrate animals to those ob-
served in intact rats [« (P < 0.05); LHB and FSHB (P <
0.01)].

Three Months Post Castration

By 3 months post orchiectomy, serum FSH and LH
levels increased 3.4-fold (P < 0.01) and 9.3-fold (P <
0.01), respectively, from levels seen in intact animals
(Table 1). Hormonal replacement for 1 week with an-
drogens resulted in significant decreases in serum LH
levels [(T, P < 0.01); (DHT, P < 0.01)] but not FSH
levels. Estradiol administration, however, produced de-
clines in both gonadotropin values [(FSH, P < 0.05) and
(LH, P < 0.01)]. Again, changes in FSH levels were less
marked than those of LH.

At the pretranslational level, as observed at eartier
times post castration, the increment in « and LHB
mRNAs were more dramatic, 6-fold (P < 0.05) and 9.5-
fold (P < 0.05), respectively, than the 4.8-fold increment
observed in FSHR (P < 0.05) (Fig. 2B). Again, androgen
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Fig. 1. Effect of T on Subunit mRNA Levels in Male Rats 7 Days Post Castration

Subunit mRNA levels in the individual pituitaries of intact and castrate (Cast) rats were determined by blot hybridization analysis
(see Materials and Methods). Each column represents the mean optical density + sem of three to six autoradiographic bands. All
data points are standardized such that the mean subunit mRNA levels in the intact pituitary are 1.0 arbitrary densitometric units
(ADU). Symbols represent significance of comparisons of data points with the values for intact animals (*, P < 0.05; **, P < 0.01)
and with those for castrate (Cast) animals (a, P < 0.05; b, P < 0.01).

replacement resulted in a marked decrement in « [(T,
DHT (P < 0.05)] and LHB [(T, DHT (P < 0.05)] mRNA
levels, whereas there was no change or a slight in-
crease in FSHB mRNA levels (P = NS from Cast). As
observed in the 28-day animals, estrogen administra-
tion consistently lowered mRNA levels of all three go-
nadotropin subunits (P < 0.05).

Gonadotropin Subunit mRNA Levels in Male and
Female Rats

In an attempt to explore potential etiologies for the
apparent lack of negative regulation of FSHZ mRNA
levels by androgens in the male rat, we compared
pooled samples of total RNA from intact and castrate
(1-3 months post Cast) male and female rats. The
same blot was probed sequentially with the rat «, LHB,
FSHgB, and mouse g-actin probes. This allowed satis-
factory comparison of each subunit mMRNA among the
different physiological states with normalization. There
were similar amounts of steady-state « and LHS
mRNAs in the intact animal which then increased to a
variable degree with castration. In the male, both « and
LHg increased 6-fold whereas in the female, « and LH3
increased 8- and 10-fold, respectively (data not shown).
There was a striking discordance, however, in the basal
mRNA levels of FSHB between intact male and female

rats. Female rats were observed to have only approxi-
mately 30% of the FSHB mRNA levels seen in intact
male rats (Fig. 3). With castration, FSHB mRNA levels
increased 6- to 8-fold in the female and up to 2- to 3-
fold in the male, such that the castrate levels were
comparable between the two sexes.

DISCUSSION

In this report, we examined the dissociation between
the regulation of FSHS and LHB subunits by sex ste-
roids at the pretranslational level in the male rat. The in
vivo sex steroid replacement model was chosen be-
cause it has been well characterized by us (1-3) and
others (4~-9) to examine the regulation of gonadotropin
subunit mRNA levels. Various sex steroids were em-
ployed to confirm our previous observations of the
effects of T replacement, as well as to examine the
effects of an E replacement regimen in the castrate
male, previously shown to result in striking negative
feedback of FSHS mRNA levels in the female (1). A
subset of animals treated with DHT was included to
dissect the role of aromatization in sex steroid feed-
back.
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Fig. 2. Effect of Gonadal Steroid Replacement on Subunit mRNA Levels in Male Rats 28 and 90 Days Post Castration

Male rats, 1 month (A) or 3 months (B) post orchiectomy were replaced with 0 or 7 days of T, DHT, or E. Subunit mRNA levels
were determined (see Materials and Methods). Each column represents the mean optical density + sem of three to six
autoradiographic bands. All data points are standardized such that the mean subunit mRNA levels in the intact pituitary are 1.0
ADU. Symbols represent significance of comparisons of data points with the values for intact animals (*, P < 0.05; **, P < 0.01)
and with those for castrate (Cast) animals (a, P < 0.05; b, P < 0.01).
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Fig. 3. Intact and Castrate FSHS and mRNA Levels

A, Northern blot hybridization analysis. A radiolabeled gen-
omic fragment encoding the rat FSHE subunit was hybridized
to total cellular RNA from pools of pituitary glands of intact
and Cast (since ¢ + d) (1-3 months) rats as described in
Materials and Methods. Each lane contains 10 ug RNA. The
same blot was also hybridized with g-actin (lower bands) to
correct for total RNA loaded. Film exposure time was 24 h
using Kodak-XAR film and an intensifying screen at —70 C. B,
A comparison of pituitary FSHB mRNA levels in male and
female rats. Subunit mRNA levels in pools of pituitaries of
intact and Cast rats (1-3 months after castration) were deter-
mined by blot hybridization analysis (see Materials and Meth-
ods). All data points are standardized such that the FSHB
mRNA levels in the intact pituitary are 1.0 ADU.

Sex steroid dosages employed were supraphysiol-
ogical but are those routinely used to suppress reliably
serum gonadotropins to those approximating the intact
animal in acute or chronically castrate animals (10-15).
In our experiments, 7 days of androgen replacement
variably suppressed serum FSH levels in the different
groups of castrate animals, while LH levels were uni-
formly suppressed by each of the gonadal steroids.
Both at the secretory as well as the pretranslational
level, androgens were less effective than estrogen in
effecting negative feedback of FSH in the male rat.

Hormone replacement experiments of castrate ani-
mals at various intervals after orchiectomy were per-
formed to examine potential changes in the sensitivity
of FSHB mRNA levels to sex steroid feedback in the
male at varying times post castration. FSH3 mRNA
levels were modestly elevated at 7 days (4.5-fold) and
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90 days (4.8-fold) post castration when compared to
intact levels. This suggests that some component of
the gonad (either androgen, estrogen, or gonadal pep-
tide) that confers negative feedback has been removed.
Yet at all times examined after orchiectomy, androgen
replacement failed to result in a decline in FSHB subunit
mRNA levels.

Our data demonstrate that, in the male rat, androgen
replacement fails to negatively regulate FSHS8 mRNA
levels in a paradigm in which « and LHB mRNAs are
markedly suppressed. Estrogen administration in the
male, however, does result in a significant fall in FSHB
mRNA levels. This suggests that the discrepancy pre-
viously documented in FSHB8 mRNA regulation (1) be-
tween males and females may be explained by the
differences in endogenous hormonal milieu. The lack of
differences between the mRNA levels of T and DHT
replaced groups suggests that the conversion of tes-
tosterone to estradiol in the T-treated animals must
have been inadequate to effect a decrement in FSHS
mRNA levels. Whether similar results would be obtained
with physiological sex steroid replacement, or for longer
or shorter intervals of steroid administration remains to
be examined.

To examine further the male-female differences in the
regulation of FSHE, we directly compared FSHS mRNA
levels in intact male and female rats and observed a
considerable difference in the basal FSHS mRNA levels
between the sexes. These data are consistent with
differences previously observed in the pituitary content
of FSH between the sexes (1, 2, 16-18). Higher basal
FSHBS mRNA levels would be expected in the intact
male compared to female rat if androgens are less
effective than estrogens in negatively regulating FSHg
mRNA levels. In addition, the higher basal FSHZ mRNA
values in intact males might partially explain the less
striking increments measured in our assay post castra-
tion. However, the fact that estrogen administration
clearly suppresses mRNA levels in the male as well as
the female confirms that the assay used is sensitive
enough to reliably detect changes of FSHS mRNA levels
in the male.

Various hypotheses may explain the lack of androgen
regulation of FSHgS in the male rat. Perhaps, in the male,
the gonadal inhibins (19-25) play a greater role in the
negative regulation of FSHS mRNA levels, whereas, in
the female, sex steroids may play a more dominant
role. The fact that FSHB mRNA levels rise modestly
post castration yet cannot be suppressed by androgen
replacement alone is consistent with this hypothesis.
Administration of the purified or genetically engineered
gonadal peptides would address this question.

It is possible, however, that androgens do not regu-
late FSHB mRNA levels in either sex despite marked
regulation of « and LHS subunit mRNAs. Studies in
which various androgens are administered to ovariec-
tomized rats are in progress to address whether the
lack of negative regulation of FSHB mRNAs is sex
specific or characteristic of the class of gonadal ste-
roids. Perhaps androgens have no direct effects upon
FSHB mRNA levels but act only via conversion to
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estradiol. In our study, there were no differences seen
between the T and DHT-replaced animals; however,
the steroid dosage or length of administration may have
been suboptimal to demonstrate a differential effect
due to aromatization.

Finally, androgens may have conflicting feedback
effects upon the hypothalamus and pituitary. Reports
of pituitary cell culture experiments suggest a positive
feedback effect of testosterone on FSH secretion (26—
28). No data are available concerning FSH synthesis.
Investigators also have demonstrated negative feed-
back effects of androgens at the level of the hypothal-
amus on gonadotropin secretion. In these studies, an-
drogens have been shown to decrease GnRH-induced
LH pulse frequency (29, 30). These opposing effects at
different loci within the hypothalamic-pituitary-gonadal
axis may contribute to an apparent lack of suppression
of FSHB mRNA levels by androgens in the male. /n vitro
cell culture experiments are in progress in this labora-
tory to examine direct steroid feedback effects on go-
nadotropin subunit expression.

In conclusion, in both male and female rats, FSHg
mRNA levels are negatively regulated by E along with
the « and LHB subunit mRNAs. In males, there appears
to be some loss of negative feedback at the pretransia-
tional level with removal of the testes; however, andro-
gen administration for 7 days is unable to lower FSHg
mRNA levels towards those in intact animals. Further
studies in the female and use of in vitro cell culture
techniques are needed to elucidate the underlying etiol-
ogies for the differential regulation of FSHB by gonadal
steroids in the rat.

MATERIALS AND METHODS
Experimental Design

Adult male Sprague-Dawley rats (CD strain, 200-225 g;
Charles River Breeding Laboratories, Inc.; Wilmington, MA)
were used in all experiments. Hormone replacement experi-
ments were performed at various time intervals after surgical
castration. Six animals were used for each experimental group.
There were three to five experimental groups for each time
point: intact animals (1), and castrated animals which received
seven daily injections of sesame oil (Cast), T (500 xg/100 g
BW), DHT (500 xg/100 g BW), or E (10 ug/100 g BW). Groups
of castrate animals underwent sex steroid replacement at 28
or 90 days post orchiectomy. An additional group of animals
(7 days post castration) received only oil or T replacement. All
animals were then killed by decapitation and trunk biood was
collected for serum gonadotropin determination by RIA to
compare changes at the secretory level with those at the
pretranslational level. Pituitaries were recovered quickly and
stored in liquid nitrogen. Also, intact and castrate male and
female rats (1-3 months post castration) were killed and total
RNA isolated from pooled pituitary samples.

RIA of Gonadotropins

Serum levels of FSH and LH were determined by RIA on trunk
blood from individual animals using reagents from the NIDDK
as described (1, 16).

497

DNA Probes

The rat « synthetic oligonucleotide probe, the rat LHS, and
mouse f-actin cDNA, and the rat FSHS genomic DNA probes
have been described previously (1, 2). The synthetic « primer
was labeled using a 5’-end labeling technique (31) to a specific
activity of 0.5-1.0 x 10® cpm/ug DNA, and the cDNA and
genomic fragments were labeled using random primer trans-
lation (32) to achieve a specific activity of 0.5-1.0 x 10° cpm/
ug/DNA,

Subunit mRNA Determinations

Six individual pituitaries were processed for each of the five
experimental subgroups. Total RNA was extracted from indi-
vidual pituitaries as previously reported (1, 2). Four Northern
blots were prepared. Ten micrograms (OD.g) of total RNA
from each sample were subjected to electrophoresis and
diffusion blotted onto nitrocellulose (33). Individual blots were
prepared for each of the replacement time points post castra-
tion (7, 28, 90 days) and a fourth blot included total RNA from
pooled samples of intact and castrate male and female rats in
order to make a direct comparison of gonadotropin subunit
mRNA levels between the sexes. Each blot was sequentially
hybridized with the «, LHB, FSHB, and finally, the §-actin
probes using conditions outlined previously (1, 2). Blots were
washed (1), subjected to autoradiography, and the band den-
sities were determined by scanning densitometric analysis.

Standardization of Data

The amount of RNA in each lane of each blot (10 xg by ODy)
was internally standardized within a blot by assessing the
amount of g-actin mRNA per lane and correcting the a, LHB,
and FSHB mRNA levels accordingly, as described previously
(1,2).

Statistical Analysis

The Wilcoxon rank sum test (Mann-Whitney variation) was
employed for analysis of mMRNA data. A t test for independent
samples was used to assess the statistical significance of
changes in the serum levels of gonadotropins.

Acknowledgments

We are indebted to Dr. Thomas H. Lee for his advice in the
statistical interpretation of these data. In addition, we thank
Nancy Patterson and Gloria Smith for their careful preparation
of this manuscript.

Received January 25, 1987. Accepted February 26, 1988.

Address requests for reprints to: W. W. Chin, George W.
Thorn Building, Room 917, Brigham and Women’s Hospital,
75 Francis Street, Boston, Massachusetts 02115.

This work was funded, in part, by NIH HD-19938.

* Current address: Division of Endocrinology (B-151), Uni-
versity of Colorado Health Sciences Center, 4200 East Sth
Avenue, Denver, Colorado 80262.

REFERENCES

1. Gharib SD, Wierman ME, Badger TM, Chin WW 1987 Sex
steroid hormone regulation of follicle-stimulating hormone
subunit messenger ribonucleic acid (mMRNA) levels in the
rat. J Clin Invest 80:294-299

2. Gharib SD, Bowers SB, Need LN, Chin WW 1986 Regu-
lation of rat luteinizing hormone subunit messenger ribo-

220z 1snbny 9| uo Jesn sonsnp Jo wewuedsq 'S'N Aq 695 | £2/261/9/Z/0101n48/puUs/Ww0o dno"olWwapeoe//:sdyy Wolj peapeojumo(



MOL ENDO-1988

498

10.

1.

12

13.

14.

15.

16.

17.

nucleic acids by gonadal steroid hormones. J Clin Invest
77:582-589

. Abbot SD, Docherty K, Roberts JL, Tepper MA, Chin

WW, Clayton RN 1985 Castration increases luteinizing
hormone subunit messenger RNA levels in male rat pitui-
taries. J Endocrinol 107:R1~-R4

. Maurer RA 1987 Molecular cloning and nucleotide se-

quence analysis of complimentary deoxyribonucleic acid
for the S-subunit of rat follicle-stimulating hormone. Mol
Endocrinol 1:717-723

. Alexander DC, Miller WL 1982 Regulation of ovine follicle-

stimulating hormone 8 chain mRNA by 178-estradiol in
vivo and in vitro. J Biol Chem 257:2282-2286

. Counis R, Corbani M, Jutisz M 1983 Estradiol regulates

mRNAs encoding precursors to rat lutropin (LH) and
follitropin (FSH) subunits. Biochem Biophys Res Commun
114:65-72

. Nilson JH, Nejedlik MT, Virgin JB, Crowder ME, Nett TM

1985 Expression of a subunit and luteinizing hormone B
genes in the ovine anterior pituitary. Estradiol suppresses
accumulation of mRNAs for both « and luteinizing hor-
mone B. J Biol Chem 258:12087-12090

. Papavasiliou SS, Zmeil S, Herbon L, Duncan-Weldon J,

Marshall JC, Landefeld TD 1986 « and luteinizing hor-
mone B messenger ribonucleic acid (RNA) of male and
female rats after castration: quantitation using an opti-
mized RNA dot blot hybridization assay. Endocrinology
119:691-698

. Vogel DL, Magner JA, Sherins RJ, Weintraub BD 1986

Biosynthesis, glycosylation and secretion of rat luteinizing
hormone « and 8 subunits: differential effects of orchiec-
tomy and gonadotropin-releasing hormone. Endocrinol-
ogy 119:202-213

Gay VL, Bogdanove EM 1969 Plasma and pituitary LH
and FSH in the castrated rat following short-term steroid
treatments. Endocrinology 84:1132-1142

Gay VL, Dever NW 1971 Effects of testosterone propio-
nate and estradiol benzoate—alone or in combination—
on serum LH and FSH in orchiectomized rats. Endocri-
nology 89:161-168

Swerdloff RS, Walsh PC, Odell WD 1972 Control of LH
and FSH secretion in the male: Evidence that aromatiza-
tion of androgens to estradiol is not required for inhibition
of gonadotropin secretion. Steroids 20:13-22

Swerdloff RS, Walsh PC 1973 Testosterone and oestra-
diol suppression of LH and FSH in adult male rats: Dura-
tion of castration, duration of treatment and combined
treatment. Acta Endocrinol (Copenh) 73:11-21

Ramirez VD, McCann SM 1965 Inhibitory effect of testos-
terone on luteinizing hormone secretion in immature and
adult rats. Endocrinology 76:412-417

Verjans HL, Eik-Nes KB 1977 Comparison of effects of
C1o (androstene or androstane) steroids on serum gonad-
otropin concentrations and on accessory reproductive
organ weights in gonadectomized adult male rats. Acta
Endocrinol (Copenh) 84:829-841

Badger TM, Wilcox CE, Meyer ER, Bell RD, Cicero TJ
1978 Simultaneous changes in tissue and serum levels of
luteinizing hormone, follicle-stimulating hormone, and lu-
teinizing hormone/follicle-stimulating hormone releasing
factor after castration in the male rat. Endocrinology
102:136-141

Vogel DL, Sherins RL 1984 Orchiectomy in young rats
results in differential regulation of follicle-stimulating hor-

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Vol 2 No. 6

mone and luteinizing hormone content. J Androl 5:80-86
Spitzbarth TL, Horton TH, Lifka J, Schwartz NB, Pituitary
gonadotropin content in gonadectomized rats: measure-
ments influenced by extraction solvent and testosterone
replacement. VIl International Congress on Hormonal Ste-
roids, Madrid, Spain 1986 (Abstract)

Mason AJ, Hayflick JS, Ling N, Esch F, Ueno N, Ying S,
Guillemin R, Niall H, Seeberg PH 1985 Complementary
DNA sequences of ovarian follicular fluid inhibin show
precursor structure and homology with transforming
growth factor 8. Nature 318:659-663

Rivier J, Spiess J, McClintock R, Vaughn J, Vale W 1985
Purification and partial characterization of inhibin from
porcine follicular fluid. Biochem Biophys Res Commun
133:120-127

Robertson DM, Foulds LM, Leversha L, Morgan FJ, Hearn
MTW, Burger JG, Wettenhall REH, de Kretser DM 1985
Isolation of inhibin from bovine follicular fluid. Biochem
Biophys Res Commun 126:220-226

Forage RG, Ring JM, Brown RW, Mcinerny BV, Cobon
GS, Gregson RP, Robertson DM, Morgan FM, Hearn
MTW, Findlay JK, Wettenhall REH, Burger JG, de Kretser
DM 1986 Cloning and sequence analysis of CDNA species
coding for the two subunits of inhibin from bovine follicular
fluid. Proc Natl Acad Sci USA 83:3091-3095

Mayo KE, Cerelli GM, Spiess J, Rivier J, Rosenfeld MG,
Evans RM, Vale W 1986 Inhibin A-subunit cDNAs from
porcine ovary and human placenta. Proc Natl Acad Sci
USA 83:5849-5853

Rivier C, Rivier J, Vale W 1986 Inhibin-mediated feedback
control of follicle-stimulating hormone secretion in the
female rat. Science 234:205-208

Ying S, Czvik J, Becker A, Ling N, Ueno N, Guillemin R
1987 Secretion of follicle-stimulating hormone and pro-
duction of inhibin are reciprocally related. Proc Nati Acad
Sci USA 84:4631-4635

Drouin J, Labrie F 1976 Selective effect of androgens on
LH and FSH release in anterior pituitary cells in culture.
Endocrinology 98:1528-1534

Mittler JC 1974 Androgen effects on follicle-stimulating
hormone (FSH) secretion in organ culture. Neuroendocri-
nology 16:265-272

Kennedy J, Chappel S 1985 Direct pituitary effects of
testosterone and luteinizing hormone-releasing hormone
upon follicle-stimulating hormone: analysis by radioim-
muno- and radioreceptor-assay. Endocrinology 116:741-
748

Smith ER, Damassa DA, Davidson JM 1977 Feedback
regulation and male puberty: testosterone-luteinizing hor-
mone relationships in the developing rat. Endocrinology
101:173-178

Steiner RA, Bremner WJ, Clifton DK 1982 Regulation of
luteinizing hormone pulse frequency and amplitude by
testosterone in the adult male rat. Endocrinology
111:2055-2060

Maxam AM, Gilbert W 1980 Sequencing end-labeled DNA
with base-specific chemical cleavages. Methods Enzymol
65:499-560

Feinberg AP, Vogelstein B 1983 A technique for radiola-
beling DNA restriction endonuclease fragments to high
specific activity. Anal Biochem 132:6-13

Thomas PS 1980 Hybridization of denatured RNA and
small DNA fragments transferred to nitrocellulose. Proc
Natl Acad Sci USA 77:5201-5205

220z 1snbny 9| uo Jesn sonsnp Jo wewuedsq 'S'N Aq 695 | £2/261/9/Z/0101n48/puUs/Ww0o dno"olWwapeoe//:sdyy Wolj peapeojumo(



