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ABSTRACT — In order to investigate the roles of inhibin for rat gonadal differentiation, the expression
of inhibin-a subunit in the developing rat gonads was determined. Sprague-Dawley rat gonads from the
gestational day (GD) 13 through the postnatal day (PD) 21 were fixed in Methacarn solution and
immunohistochemically stained with a polyclonal antibody against [Tyr 30 ] porcine inhibin a-chain (1-
30)NH 2 subunit raised in the goat. During fetal period, inhibin-a subunit was detected only in male
gonads: slight or moderate staining was observed in Sertoli/supporting cells on GDs 14 and 15, and
moderate or marked staining in Leydig cells from GD 17 to 20. Reactivity was negative in female
gonads and in the Mullerian and Wolffian ducts in both sexes during fetal period. After birth, inhibin-a
subunit was moderately expressed in Sertoli cells and slightly in Leydig cells on PD 21 for males, and
markedly in the granulosa cells for females. These results indicate that the expression of inhibin-a
subunit is stage- and cell-specific during the gonadal development and the inhibin may participate in rat
testicular differentiation.

INTRODUCTION

Inhibin  is  a  gonadal  glycoprotein  which  reg-
ulates  pituitary  FSH  secretion  [3,  16,  24]  and
synthesis  [27,  29].  The  purification,  cloning and
sequencing of inhibin cDNA showed that inhibin is
a heterodimer comprised of an a-subunit (18 KD)
and one of two related /?-subunits (14 KD, /?A and
/?B) joined by a disulfide bond [2, 5, 8, 10, 19, 23].
After  the  purification  of  inhibin  protein,  it  has
been obvious that inhibin plays a variety of types
of roles as hormone, paracrine and autocrine reg-
ulators of cellular proliferation and functions in
some mammals [for reviews, 4, 7, 14, 28, 30].

Expressions of inhibin a- and /?-mRNAs were
seen by using in situ hybridization in the gonads of
embryonic rats from gestational day (GD) 14 to
birth  [22].  Inhibin-subunits  mRNAs  were  local-
ized by the stage-specific and tissue-specific man-
ners in the developing rat gonads: a-mRNA was
seen in the seminiferous tubules and interstitial
tissue from GD 14, /?A-mRNA only in the intersti-
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tial tissue just before birth and /?B-mRNA over the
tubules from GD 14. Immunohistochemical loca-
lizations of a- and /?-subunit proteins were exhi-
bited in the germ, Sertoli and Leydig cells in fetal
rat testes and the germ cells in the fetal ovaries
[20]. These results indicate that inhibin may play
roles for gonadal cell proliferation and differentia-
tion, like the cases of immature and adult gonads.

In the present study, immunohistochemical ex-
pression of inhibin-a subunit was chronologically
clarified in the fetal and prepubertal rat gonads
from gestational day 13 to postnatal day 21.

MATERIALS  AND  METHODS

Experimental animals
Crj:  CD  (Sprague-Dawley)  rats  in  13  to  20

weeks of age were housed in constant temperature
(22±2°C), relative homidity (55 + 10%) and light-
dark  cycle  (lights  on  7:00-19:00).  The  animals
fed purina chow and took the tap water ad libitum.
Cohabitation was done in the evening in the 1 : 1
basis  of  male:  female.  In  the  next  morning,
copulation was checked by the presence of sperm
in the vaginal smear. The day when sperm-positive
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smear was found was designated as GD 0, and the
day when litter was found was designated as post-
natal day (PD) 0.

Preparation of tissues for immunostaining
Dams  were  sacrificed  from  GD  13  to  21  and

neonates on PD 5, 11 and 21 by carbon dioxide.
The gonads and genital ducts dissected from the
fetuses and pups were fixed in Methacarn solution
consisting  of  methanol,  chloroform,  and  acetic
acid,  6:3:1  in  volume  for  a  few  hours  to  over-
night.  The  sexes  of  fetuses  were  determined as
described  by  Agelopoulou  et  al.  [1].  Then,  the
tissues were dehydrated through a series of graded
concentrations of ethanol and xylene, embedded
in paraffin and sectioned in 5 jum thickness.

Immunohistochemistry

Sections  were  deparaffinized  with  xylene  and
hydrated in decreasing concentrations of ethanol,
and incubated in 6 M urea (ICN Biomedicals Inc.)
at  room  temperature  for  30  min  and  to  block
endogenous peroxidases with 0.5% periodic acid
(Sigma  Chemical  Co.)  for  15  min.  Sections  were
subsequently rinsed with 10 mM phosphate buf-
fered saline (PBS, pH 7.4, Sigma Co.) for 20 min,
blocked  non-specific  staining  with  1.5%  normal
rabbit serum in 10 mM PBS including 0.5% casein
(Wako Pure Chemical Industries Ltd.) for 20 min
and then incubated with avidin and biotin blocking
solution (Vector Laboratory Inc.) for 15 min, each
at  room  temperature.  After  that,  sections  incu-
bated overnight  at  4°C  with  the  polyclonal  anti-
body against [Tyr 30 ] porcine inhibin a-chain (1-
30)NH 2 raised in the goat (gifted from Prof. Sasa-
moto,  Tokyo University of Agriculture and Tech-
nology) at a dilution of 1 :  40,000 in 10 mM PBS
including 0.5% casein. Dose-response study indi-
cated that this dilution of the antibody gave optim-
al labelling results. Following this incubation the
sections were rinsed with  PBS and then treated
with 0.5% biotinylated rabbit anti-goat secondary
antibody (Vector Lab. Inc. ABC-peroxidase stain-
ing  kit  Elite)  diluted  in  10  mM  PBS  containing
0.5%  casein  for  30  min  at  room  temperature.
Sections  were  again  washed  in  PBS  and  subse-
quently incubated with 2% avidin-biotin complex
(Vector  Lab.  Inc.  ABC  kit  Elite)  in  10  mM  PBS

for 60 min at room temperature. Avidin and biotin
were prepared at least 30 min before applied to the
sections to allow the complex to form.  The sec-
tions were again washed in PBS, and the bound
antibody  was  visualized  with  0.05%  3,3'-
diaminobenzidine tetrachloride (Sigma Chemical
Co.)  in  10  mM  Tris-buffered  saline  (Sigma  Che-
mical Co.) and 0.01% H 2 2 for 4 min.

Controls included (a) replacing the primary anti-
body with normal goat serum, (b) using the prim-
ary antibody that had been pre-incubated over-
night at 4°C with 1 fj.glm\ porcine inhibin-a subunit
(1-32)  (Peninsula  Lab.  Inc.)  before  this  mixture
was applied to the section in order to check the
specificity of the primary antibody and (c) omitting
the primary antibody to check the specificity of the
secondary antibody.

RESULTS

Specificity of antibody
Preparations which were stained with the anti-

body to inhibin, with the immunoneutralized anti-
body, and with normal goat serum were shown in
Fig. 1. Inhibin antibody stained the immature rat
Sertoli cells on PD 21, but the neutralized antibody
or  normal  goat  serum  did  not  stain  any  cells.
Therefore, these results showed that this polyclon-
al antibody specifically stained inhibin-containing
cells, because Sertoli cells might be regarded as the
major source of inhibin in the immature male rat
[see reviews].

lmmunohistochemical localization
The  immunohistochemical  localizations  of  in-

hibin-a subunit in developing gonads were summa-
rized  in  Table  1.  The  first  positive  staining  was
gained in most of the Sertoli cells on GD 14 (Fig.
2. A) and this sign was also seen in a few Sertoli
cells  on  GD  15.  At  the  second,  the  Leydig  cells
were positively stained from GD 17 to PD 5. The
intensity of staining was marked on GDs 17 (Fig.
2. B) and 18 and gradually decreased with develop-
ment. The number of the Leydig cells with posi-
tive  reaction  was  also  decreased  after  GD  20.
However,  female  gonads  and  mesonephric
tubules,  Miillerian  and  Wolffian  ducts  in  both
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Fig. 1 . Demonstration of staining specificity. Male gonads on PD 21 incubated with the inhibin-a antibody (A), with
the neutralized antibody (B) or with normal goat serum (C). Staining is seen in the Sertoli cells (arrow) and the
Leydig cells (arrow head) of A, but not those of B or C. Bars: 50 fxm.

Table 1. Immunohistochemical localization of inhibin-a in the developing rat gonads

GD: Gestational day, PD: Postnatal day, G: Germ cell, S: Sertoli/supportingcell, P: Peritubular cell, L: Leyding
cell, W: Wolffian duct, M: Miillerian duct, MT: Mesonephric tubule, Gr: Granulosa/supporting cell, T: Theca
cell, I: Interstitial/stromal cell. Grade, — : No detectable, + : Slight but above background levels, + + :
Moderate, + + +: Marked staining. Shade box was shown that the cells or tissues were not found in that day.
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Fig. 2. Immunohistochemical localizations of inhibin-a in the perinatal gonads. (A) Male gonad on GD 14 shows the

moderate staining in the Sertoli cells (arrow). (B) Male gonad on GD 17 expresses the marked staining in the
Leydig cells (arrow head). (C) Male gonad on PD 21 is stained moderately in the Sertoli cells (arrow) and weakly
in the Leydig cells (arrow head). (D) and (E) Female gonads on GDs 14 and 17. respectively, do not express any
positive sign. (F) Female gonad on PD 21 expresses the marked reactivity in the granulosa cells (arrow). Bars: 50
/um.

sexes were negative during prenatal period (Fig. 2.
D and E).

During postnatal period, positive staining was
observed  in  most  of  the  Sertoli  cells  for  male
gonads and the granulosa cells for female gonads

on  PD  21  (Fig.  2.  C  and  F),  and  the  intensity  of
staining was moderate or marked. The slight and/
or faint staining was found in the Leydig cells on
PDs 5 and 21. However, there were no detectable
staining to the antibody in any other cells.
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DISCUSSION

Pattern of immunohistochemical expression of
inhibin-a subunit was partially consistent with the
in  situ  identification of  its  mRNA [22].  Inhibin-a
mRNA was localized in the tubular and interstitial
tissues of male gonads during the third trimester
gestational period from GD 14 to GD 21. Ogawa
et al. [20] reported that inhibin-immunoreactivity
was seen in the tubular and interstitial  cells  for
males and the germ cells for females on GD 18.5.
But in this experiment, inhibin-a subunit protein
was only expressed in Sertoli cells on GDs 14 and
15,  and  in  Leydig  cells  from  GD  17.  This  incon-
sistency might be depend on the applicaiton of
different  types  of  antibodies,  because  antigens
used  were  [Tyr  20  ]  inhibin-a  subunit  (1-20)  by
Ogawa et al. [20] but [Tyr 30 ] porcine inhibin a-
chain (1-30)NH 2 in our experiment.

Positive reactions in Sertoli cells on GDs 14 and
15 suggest that inhibin might be related to the
testicular differentiation of the gonad, especially to
the formation of seminiferous tubules and aggrega-
tion of the Sertoli cells around the germ cells like
activin-A and -B, the homodimers of inhibin-/3A
and -/?B subunits, in immature rat testis [13] be-
cause the sexual differentiation of gonad begins
from  the  late  GD  13  [11,  12,  17].  However  an
elucidation  of  the  exact  role  of  inhibin  and/or
inhibin-a  subunit  for  the  seminiferous  tubule
formation or other developmental events will re-
quire further investigation.

This is the first report of the positive staining in
the fetal Leydig cells from GD 17. Immunoreac-
tivity in purified Leydig cells which prepared from
adult rats had been shown by Sharpe et al. [25] and
Risbridger et al. [21]. Sharpe et al. [25] reported
that Leydig cells in adult rats made little contribu-
tion  to  the  intratesticular  and  blood  levels  of
inhibin. However, inhibin modulates LH-induced
androgen  biosynthesis  by  testicular  cells  [9].
Leydig cells have synthetic ability of steroid hor-
mones during the late gestation period. Therefore,
inhibin expression in the fetal  Leydig cells after
GD 17 indicates that inhibin might modulate to the
steroidogenesis in the fetal Leydig cells. Further
study is needed to elucidate the role of inhibin on
steroidogenesis and /or other physiological roles in

the fetal Leydig cells.
Postnatal expression of inhibin in the Sertoli and

granulosa cells was consistent with many previous
works [see reviews and 18]. Inhibin contributes to
negative feedback loop of FSH secretion from the
pituitary in the immature rats. And also inhibin is
concerned with the paracrine roles for testicular
and  ovarian  functions:  steroidogenesis  in  the
Leydig and thecal cells, increase in the number of
follicles,  and germ cell-Sertoli  cell  interaction in
immature and mature rats [see reviews and 6, 26].

Recently,  Matzuk  et  al.  [15]  reported  that  in-
hibin-a was a tumor-suppressor gene of the gonad-
al  stromal  tumors  by  using  inhibin-a-deficient
mice. Mice homozygous for the deleted a-subunit
gene were susceptible to the development of diffe-
rentiated gonadal  stromal  tumors  as  early  as  4
weeks of age, but were normal for the develop-
ment of the gonads and external genitalia before
tumor development by histological examination.
Therefore, it is suggested that other factors may be
participated  in  the  sexual  differentiation  of  the
gonads.

ACKNOWLEDGMENTS

We are very grateful to Prof. S. Sasamoto, Tokyo
University of Agriculture and Technology, for supplying
us with a polyclonal antibody against porcine inhibin
a-chain.

REFERENCES

1 Agelopoulou R, Magre S, Patsavoudi E, Jost A
(1984) Initial phases of the rat testis differentiation
in vitro. J Embryol Exp Morph 83: 15-31

2 Bardin CW, Morris PL, Chen C-L, Shaha C, Vogl-
mayr  J,  Rivier  J,  Vale,  WW  (1987)  Testicular
inhibin: structure and regulation by FSH, androgens
and EGF. In "Inhibin-Non-Steroidal Regulation of
Follicle Stimulating Hormone Secretion" Ed by HG
Burger, DM de Kretser, JK Findlay, M Igarashi,
Raven Press, New York, Serono symposia Publica-
tions, 42: 179-190

3 Campen CA, Vale W (1988) Interaction between
purified ovine inhibin and steroids on the release of
gonadotropins from culture rat pituitary cells. En-
docrinology 123: 1320-1328

4 de Jong FH, Grootenhuis AJ, Klaij IA, van Beur-
den WMO (1990) Inhibin and related proteins:
Localization, regulation, and effects. In "Circulating
Regulatory Factors and Neuroendocrine Function"



454 S. Koike and T. Noumura

Ed by JC Porter, D Jezova, Plenum Press, New
York, pp 271-293

5 Esch FS, Shimasaki S,  Cooksey K, Mercado M,
Mason  AJ,  Ying  S-Y,  Ueno  N,  Ling  N  (1987)
Complementary deoxyribonucleic acid (cDNA)
cloning and DNA sequence analysis of rat ovarian
inhibins. Mol Endocrinol 1: 388-396

6 Fauser BCJM, Hsueh AJW (1988) Growth factors:
Intragonadal regulation of differentiated functions.
In "Progress in Endocrinology 1988 Vol 1" Ed by H
Imura, K Shizume, S Yoshida, Elsevier Science
Publishers, Amsterdam, pp 451-456

7  Findlay  JK,  Clarke  IJ,  Luck  MR,  Rodgers  RJ,
Shukovski L, Robertson DM, Klein R, Murray JF,
Scaramuzzi RJ, Bindon BM, O'Sea T, Tsonis CG,
Forage RG (1991) Peripheral and intragonadal
actions of inhibin-related peptides. J Reprod Fert,
Suppl 43: 139-150

8 Fukuda M, Miyamoto K, Hasegawa Y, Nomura M,
Igarashi M, Kanagawa K, Matsuo H (1986) Isola-
tion of bovine follicular fluid inhibin of about 32
kDa. Mol Cell Endocrinol, 44: 55-60

9  Hsueh  AJW,  Dahl  KD,  Vaughan  J,  Tucker  E,
Rivier J, Bardin CW, Vale W (1987) Heterodimers
and homodimers of inhibin subunits have different
paracrine action in the modulation of luteinizing
hormone-stimulated androgen biosynthesis. Proc
Natl Acad Sci USA 84: 5082-5086

10 Knight PG (1991) Identification and purification of
inhibin and inhibin-related proteins. J Reprod Fert,
Suppl 43: 111-123

11  Magre  S,  Jost  A  (1980)  The  initial  phases  of
testicular organogenesis in the rat. Arch Anat Mic-
rosc Morphol Exp 69: 297-318

12 Magre S, Jost A (1991) Sertoli cells and testicular
differentiation in the rat fetus. J Elect Microsc Tech
19: 172-188

13  Mather  JP,  Attie  KM,  Woodruff  TK,  Rice  GC,
Phillips DM (1990) Activin stimulates spermatogo-
nia! proliferation in germ-Sertoli cell cocultures
from immature rat testis. Endocrinology 127: 3206-
3214

14 Mather JP,  Woodruff  TK,  Krummen LA (1992)
Paracrine regulation of reproductive function by
inhibin and activin. Proc Soc Exp Biol Med 201: 1-
15

15 Matzuk MM, Finegold MJ, Su J-GJ, Hsueh AJW,
Bradley A (1992) a-inhibin is a tumour-suppressor
gene with gonadal specificity in mice. Nature 360:
313-319

16 McCullagh GR (1932) Dual endocrine activity of
the testes. Science 76: 19-20

17 Merchant-Larios H, Villalpando I, Taketo-Hosotani
T (1991) Gonadal morphogenesis in mammals. In
"Reproduction, Growth and Development" Ed by

A Negro-Vilar, G Perez-Palacios, Raven Press, New
York, Serono Symposia Publications 71: 1-11

18 Merchenthaler, I, Culler MD, Petrusz P, Negro-
Vilar A (1987) Immunocytochemical localization of
inhibin in rat and human reproductive tissues. Mol
Cell Endocrinol 54: 239-243

19 Miyamoto K, Hasegawa Y, Fukuda M, Nomura M,
Igarashi M, Kanagawa K, Matsuo H (1985) Isola-
tion of porcine follicular fluid inhibin of 32 k deltons.
Biochem Biophys Res Commun 129: 396-403

20 Ogawa K, Kurohmaru M, Shiota K, Takahashi M,
Nishida T, Hayashi Y (1991) Histochemical loca-
lization of inhibin and activin a, /?A and /?B subunits
in rat gonads. J Vet Med Sci 53: 207-212

21  Risbridger  GP,  Clements  J,  Robertoson  DM,
Drummond AE, Muir J, Burger HG, de Kretser
DM (1989) Immuno- and bioactive inhibin and
inhibin a-subunit expression in rat Leydig cell cul-
ture. Mol Cell Endocrinol 66: 243-247

22 Roberts V, Vale W (1991) Expression of inhibin/
activin subunit messenger ribonucleic acids during
rat embryogenesis. Endocrinology 128: 3122-3129

23 Robertson DM, Foulds LM, Leversha L, Morgan
FJ,  Hearn  MT,  Burger  HG,  Wettenhall  RE,  de
Kretser DM (1985) Isolation of inhibin from bovine
follicular fluid. Biochem Biophys Res Commun 126:
220-226

24 Schwartz NB, Channing CP (1977) Evidence of
ovarian "inhibin": suppression of the secondary use
in serum follicle stimulating hormone levels in
proestrous rats by injection of porcine follicular
fluid. Proc Natl Acad Sci USA 71: 5721-5724

25 Sharpe RM, Kerr JB, Maddocks S (1988) Evidence
for a role of Leydig cells in the control of the
intratesticular secretion of inhibin. Mol Cell Endoc-
rinol 60: 243-247

26 Skinner MK (1991) Cell-cell interactions in the
testis. Endocr Rev 12: 45-77

27 Vale W, Rivier C, Hsueh A, Campen C, Meunier
H, Bicsak T, Vaughan J, Corrigan A, Bardin W,
Sawchenko P, Petraglia F. Yu J, Plotsky P, Spiess J,
River J (1988) Chemical and biological characteriza-
tion of the inhibin family of protein hormones. Rec
Prog Horm Res 44: 1-38

28  Vale  W,  Hsueh  A,  Rivier  C,  Yu  J  (1991)  The
inhibin /activin family of hormones and growth fac-
tors. In "Peptide Growth Factors and Their Recep-
tors II" Ed by MB Sporn, AB Roberts, Springer-
Verlag, New York, pp 211-248

29 Ying S-Y (1987) Inhibins and activins: Chemical
properties and biological activity. Proc Soc Exp Biol
Med 186: 253-264

30 Ying S-Y (1988) Inhibins, activins. and follistatins:
Gonadal proteins modulating the secretion of folli-
cle-stimulatine hormone. Endocr Rev 9: 267-293



Koike, Satoshi and Noumura, Tetsuo. 1993. "Immunohistochemical
Expression of Inhibin-α Subunit in the Developing Rat Gonads." Zoological
science 10, 449–454. 

View This Item Online: https://www.biodiversitylibrary.org/item/125363
Permalink: https://www.biodiversitylibrary.org/partpdf/71467

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Biodiversity Heritage Library

Copyright & Reuse 
Copyright Status: In Copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 03:38 UTC

https://www.biodiversitylibrary.org/item/125363
https://www.biodiversitylibrary.org/partpdf/71467
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

