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INTRODUCTION

It has been well known that estrogen(E)
plays a major role in ovarian follicular grow-
th and development, proliferation of granu-
losa cell(GC), and production of progesterone
(P). Estrogen also synergizes with gonadotro-
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pins to cause maturation of follicles in pre-
paration for ovulation(Richards et al., 1976 ;
Richards, 1980). In the mammalian ovary, ma
inly of human or rat, estrogen receptors(ER)
have been found in granulosa cells(Richards,
1975 ; Tonetta and Ireland, 1983 ; Kudolo et
al,, 1984) as well as in theca cells (TC, Stum-
pfs, 1969) and luteal cells(Holt et al., 1981).

o] =Fe 1987x Eudl A&FEnia % The ER has been reported in hen GC(Kami-
AFzAulel 2dle] AF5 92 yoshi et al., 1986) and progesterone receptor
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(PR) was found in thecal, stroma and GC in
hen ovary(Isola et al., 1987). However, to our
knowledge, studies of steroid receptor in por-
cine ovary have not been reported but we
can assume without any difficulties that the
action mechanism of steroid hormones in the
porcine follicular development might be me-
diated through their receptors. This concept
could supported by the fact that there are
autocrine and paracrine system in the ovary
(Richards, 1980 ; Richards et al., 1987 ; Ri-
chards and Hedin, 1988).

It has been known that androgens anta-
gonize the growth promoting actions of es-
trogens in the ovarian tissue(Payne and Run-
ser, 1958 ; Louvet et al, 1975 ; Azzolin and
Saiduddin, 1983) and bring about the reduc-
tion in ovarian weight (Saiduddin and Zas-
senhaus, 1978). Until now it is generally ac-
cepted that the higher levels of androgens
in ovarian follicular fluid are associated with
the atretic phenomena of the mammalian fol-
licles(McNatty et al., 1979 ; Bomsel-Helmreich
et al,, 1979 ; Tsonis et al., 1984 ; Lee and Yoon
1985 ; Lobo et al., 1985 ; Yoon et al., 1988).
Androstenedione is the major steroid hor-
mones synthesized by thecal layer and is con-
verted to testosterone(T) and 5a-dihydrotes-
tosterone(DHT) in bovine follicles(McNatty
et al., 1985). However the A concentrations
in atretic follicles are not different from that
in normal one (Henderson et al., 1984 ; Kruip
and Dieleman, 1985 ; Spicer et al., 1987), while
A, DHT, and T in human atretic follicles are
increased(Lee et al., 1986).

The demonstration of androgen binding
protein, T receptor (TR) suggests that the
effect of androgen on the ovary also are me-
diated through its receptors (Saiduddin and
Zassenhaus, 1984). However, the changes of
the steroid receptors in the mammalian ovary
during atresia has not been thoroughly stu-
died.

We report here a comparison of the con-
centrations of T or DHT receptors in atretic
follicles with normal ones and that the an-
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drogen decreased the level of ER, not their
own level might be one of the mechanism in

promoting follicular atresia.

MATERIALS AND METHODS
Chemicals

The following reagents were purchased
from Sigma Chem. Co. : Unlabelled steroids
and diethystillbesterol(DES), Trizma-HCI, di-
thiothreitol (DTT), EDTA, phenylmethylsul-
fonyl-fluoride (PMSF), diisopropylfluoropho-
sphate (DFP), sucrose(grade I ), DNA from
calf thymus, charcoal(Norit A), flutamide(e,
a, a-trifluoro-2-methyl-4’-nitro-m-propiono-
toluidide). 11 8-*H-Moxestrol(R2858, spec, act.
70~87 Ci/mmol), 2, 4, 6, 7, 16, 17-3H-estradiol-
17beta(*HE2, 130-170 Ci/mmol), promegestone
(R5020 17a 1, 2,-°H, 42.3 Ci/mmol), 1, 2,6,7,-*H
-progesterone(101 Ci/mmol), testosterone 1,
2, 6, 7, *H(®HT, 89-101 Ci/mmol) and 1, 2, 4, 5,
6, 7, -*H- 5a-dihydrotestosterone (*HDHT,
110-150 Ci/mmol) and methyltrienolone(17be-
ta-hydroxy-17- methyl-4, 9, 11 -estratrien - 3-
one, R1881, 87 Ci/mmol) and also cold R2858,
R5020, R1881 were purchased from New En-
gland Nuclear, GmbH. The tritium labelled-
tracers were assyed for their purities by as-
cending thin layer chromatography(Merck,
0.25mm thickness, silica gel)after the addition
of unlabelled lignads. The purifying solvent
system was benzen/ethyl acetate(3:1. v/v).
The spots were identified by brief staining
over iodine vapors, scraped off and counted.
All other chemicals used were analytical gra-
de unless otherwise stated.

Animals

Immature Sprague-Dowley female rats(21
day old) were supplied from a local agent
and exposed to 25°C under 12D : 12L/cycle
giving food and water ad libitum. Steroids
dissolved in sesame oil were subcutaneously
injected. Rat were decapitated between 09 :
00 and 10:00 on the morning of 22 to 25
days.



Porcine ovaries were obtained from the
slaughter house(Woosung Nonghyub) located
at Majangdong, Seoul. The ovaries were grou-
ped to follicular(NCL, corpus luteum absent)
or luteal (CL, functional corpus luteum pre-
sent) phase by the morphological criteria as
described in previous papers{lLee and Yoon,
1985 ; Yoon et al.,, 1989). The ovaraian folli-
cles were dissected out and then classified
into small(diameter, less than 3mm, designa-
ted as S), medium(3-5mm, M), large (larger
than 7mm, L) follicles, after measured by a
caliper. The isolated follicles with pale vas-
cularization, large proportion of black or
opaque’areas, or follicular fluids with floa-
ting cell debris under the stereomicroscope
(Wild M5A), grouped into atretic ones. The
isolated follicles were slit on the wall to re-
lease the intrafollicular contents and then
cut in a vial with fine scisor. The follicular
fluids (pFF) was collected by centrifugation
for 20 min at 1,000x g at 4C and frozen at
-40°C until assayed. The pelleted porcine gran-
ulosa cells(pGC) were resuspended again in
TC 199 medium containing 25 mmol/L. HEPES,
The remaining GC were scrapped out gently
from the inner wall of the follicles. The har-
vested GCs were washed thrice with the me-
dium and then their viability was determined
by a method of trypan blue(final dilution, 0.1
% ) dye exclusion using haematocytometer.
The nuclear phase of the collected ova were
examined by the whole mount techniques as
described previously(Lee and Yoon, 1985).

The human granulosa cells were harvested
from 198 follicles in 63 cycles of 431 women
treated with for IVF and ET because of the
tubal blockage as described previously (De
Geyter, Yoon, Bordt, et al., 1988). Ovarian
hyperstimulation was performed by adminis-
trating either hMG(Humegon, Organon, Ober-
schleim, FR Germany of Pergonal, Serono,
Freiburg, FRG), or huFSH (Fartinorm, Se-
rono, Freiburg, FRG). The superovulation
was induced by an intramuscular injection

of 10,000 IU hGC (Pregnyl, Organon). The

follicular fluid (hFF) and granulosa cells
(hGC)were aspirated by a laparoscopy after
34 to 36 hours later of hCG treatment.

Tissue Preparation

Rat ovaries were quickly denuded with
fine scissors of all extra-ovarian tissues, was-
hed and placed in chilled homogenation buf-
fer as follows. All subsequent procedures
were carried out at 0-4°C. The ovaries were
placed in embryo dissecting dishes containing
the buffer(TEGT), 20 mmol/L Tris-HCl, pH
7.5, 0.3mM-EDTA, 1mM-DTT, 10%-glycerol,
12mM-thioglycerol and freshly prepared 1.0
mM -phenylmethysulfonylfluoride. The follic-
les randomly punctured with dental 30-gauge
needle and the granulosa cells were squee-
zed out with a pair of fine forceps. Gentle
pressure was applied to follicles and the ex-
pressed cells were collected after centrifuga-
tion at 800xg (20 min, 4°C). The cells and
pelleted GCs from 2 ovaries/tube {0.1lmM vo-
lume, for the estradiol nuclear receptor as-
say) were washed thrice in TEGT and also
the remaining ovarian tissues (ROT) were
washed three times in ice cold TEGT.

Cytosol was prepared as follows | For Scat-
chard analysis, tissue and cells were homo-
genized in 1 volume of buffer. For the other
experiments, homogenization was performed
in 4 volume of a 2-fold diluted buffer. In ad-
dition, the curde homogenate was treated
with 1/4 volume of 1/2%(w/v) dextran-coa-
ted charcoal(DCC) for 10 min on ice before
high speed. The homogenates were centrifu-
ged at 1200x g for 10 min at 4C to yield
a nuclear fractions. The supernatants were
further centrifuged at 18000 x g for 20 min
and then after removing the floating lipied,
the cytosol was prepared by centrifugation
again at 3500 g for 3 hours in a high-speed
centrifuge(Beckman J21) or by centrifuging
at 108,000 g for 1 hour at 4°C (Hitachi 70P
Ultracentrifuge).

Assay Procedures



Testosterone binding was routinely measu-
red by employing Sephadex G-25 minicolumn
(0.6 X 25cm) to separate bound from free ster-
oid. The fine grade, washed Sephadex G-25
was equilibrated in TEGT and poured 1.5ml
into siliconized pasteur pipettes plugged with
siliconized glass wool. The columns were pou-
red at least a day in advance and stored at
4°C in TEGT containing 0.02% NaN3. Cytosol
(adjusting to 1mg/200ul) was incubated for
2 hour on ice with 50 ul-*HT (10 mmol/in
TEGT) plus 50 ul of unlabelled T (100 fold
excess T in TEGT). All assays were done tri-
plicate. Before loading the samples onto the
columns, 10 ul of a blue dextran and phenol
red mixture was added to serve as visible dye
markers of the excluded volume(blue dextran,
bound steroid) and the included volume(phe-
nol red, free steroid). Column chromatogra-
phy was run in a 4C cold room. The exclu-
ded binding fractions were collected and ad-
ded to 20ml of scintillation cocktail fluid coun-
ted in a Packard Tricarb 4530 counter equip-
ped with a radioreceptor programmes.

To assay the receptors in small quantity,
Hydroxyl Apatite method was adopted. HA
was equilibrated with TEGT containing 50mM
KCl and suspended at 0.1g/ml. After incuba-
tion of cytosol with labelled steroids, 1.2ml
of the suspension was added to the cytosol
and adsorption allowed to continue for 35
min. The HA was then centrifuged at 1,000
X g for 10 min and washed 4 times with
TEGT+50mM KCI. Bound form was extracted
2 times with 1 ml of ethanol and its radiocac-
tivity determined after evaporation of the
ethanol.

As the reference method, we used the DCC
adsorption method. After incubation, 0.25ml
of 1/2% (w/v) DCC was added to the cyto-
sol and the samples were left in ice for 10
min. The samples were then centrifuged at
1,000x g for 10 min and the radioactivity of
supernatant was counted.

For the measurement of estradiol (ER) or
progesterone(PR) in human ovary, the com-

-2 ~

mercial PR-or ER-EIA kits(Abbott Lab Gm-
bH), solid phase enzyme immunoassay kits
with sandwich immunoabsorbent types, were
used using specimen cytosol (about 1mg solu-
ble cytosol protein/ml). These assays perfor-
med according to the methods described by
the manufacturer. The color intensity was
read in a spectrophotometer at 492nm, which
covered the range of standards(0~500 fmol).
The intra-assay variation was less than 10%
for one sample with 52.5+2.7 fmol/mg protein
receptor levels. The
was 18.9 at the same levels.

inter-assay variation

Other Methods

Protein determination was performed by
the method of Lowry et al.,(1958) or by the
Bio-Rad kits after precipitation of cytosol
aliquots with 10% trichloroacetic acid. Bo-
vine serum albumin was used as a standard.
DNA content was determined by a modified
method of West et al.,{1985).

Scatchard plots were analyzed by linear
regression. Curve linear Scatchard plots were
analyzed by our computer programmed(Scat-
chard et al.,, 1949).

Statistical analysis of the data obtained
from normal distribution was performed by
Student’s t-test. But the data which was not
normally distributed in the samples were per-
formed using the Mann-Whitney U test. All
results are expressed as the mean +1 SD,
stand-ard deviation unless otherwise stated.

RESULTS

Assay Methods for Steroid Receptors in
Ovary

Three assay methods for steroid receptors
were tested to assay multiple samples simul-
taneously and in order to assay T-high-affini-
ty binding sites(HABS) of cytosolic receptors
in rat ovarian homogenates. The results are
summarized in Table 1. All procedures yield
approximately equivalent values for the con-
centration of ovarian steroid receptors. How-



Table 1. Measurement of cytosolic steroid
receptors in ovarian homogenates of rats

Receptors DCC Methods Sephadex
(fmol/mg adsorp- hydroxyl G-25
cytosol) tion apatite column
Estra-
diol 5660+13.7 513+ 6.1 605+7.3
Testos w159 84496 153.1+25.3 -
terone

Proges 4 53 91134 351+ 86
terone

*Cytosol negatively skewed. Cytosol (>200mg
wet weight) was prepared from rat homo-
genates of 50 rats. Final protein concentra-
tion of cytosol was 2-3mg/ml.

ever, the DCC adsorption assays often gave
more variable results(CV>20%), not only for
replicates from the same cytosol preparation
but also from day-to-day using different cyto-
sol preparation. We found that Sephadex G-
25 column procedure was linear to the cyto-
solic protein concentration as low as 200ug
/ml, but unsuitable to analyze a large num-
ber of samples. The Hydroxylapatite(HA) me-
thod is"more reliable and slightly rapid. The
DCC assays were employed only when cyto-
solic protein concentration was greater than
2-4mg/ml.

In the nuclear receptor assay of granulosa
cells, we found the present results were in a
curvelinear Scatchard by using DTT(0.1nmol)
or sodium molybdate(100nmol)in TEGT buf-
fer during the assay and the binding was
stable at 37°C until 90 min and steady state
was achieved by 45 min.

Distribution of Steroid Receptors in Ovar-
ian Cells

The receptor contents of rat ovarian tissue
are summarized in Table 2. The present re-
sults suggested that the majority of ovarian
ER was located in GC layer and that of TR
are located in the residual ovarian tissues.

Saturation Binding Studies in Granulosa
Cells
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Table 2. Distribution of steroid receptors in
rat ovarian tissue

Receptor concentration

Cytosol Nuclear
(fmol/mg protein) (fmol/mg DNA)
Estradiol
Whole 1805+ 9.9 1156+ 65
ovary .
Granulosa 966+ 36.4 406.0+30.6
Residual
ovarian 156+ 2.6 79+ 0.9
tissues
Testosterone
Whole 78.9+15.7 115.7+24.8
ovary
Granulosa 456, 93, 28.3+18.9
cells
Residual
ovarian 173.5+28.1 193.4 +49.9
tissues

* Each experiment was repeated 3 times(val-
ues are means+ SEM). '

* The bindings of 10nM-tracers (R2858 for
ER, R188]1 for TR) in the presence or abse-
nce of cold competitors(1l gmol/1 DES for ER,
DHT for TR) were determined after 18h of
incubation at 4°C (cytosol) and 1h 37°C(nu-
clear).

Steroid receptors in GC nuclei were appa-
rently saturated at 4nmol of R2858 for ER in
rat, 5.0nmol in porcine GC, and 8.0nmol in
human GC, when assayed using DES as com-
petitior. Scatchard analysis revealed a single
class of ER and TR with an apparent Kd of
1.64+0.92 nmol/l for ER and 1.824+0.70 nmol/1
for TR. The binidng capacity of ER in nucleus
of granulosa cells of rat ovary was more
than 335.2+161.9 fmol/mg DNA.

Saturation of the granulosa cell cytosol
for steroid receptors was observed at 2nmol
/1 R2858 for ER using DES as competitor,
and at 4.0 nmol/1 R1881 for TR using DHT
as competitor. Apparent Kd was 3.58+1.22
nmol/l, which was similar to that measured
in the cytosol of whole ovary, representing
a single class of binding sites. The binding
capacity of the rat ER receptor was 51.3 fmol

/mg cytosol protein and that of TR was



Table 3. Competition of various steroids for
porcine granulosa cytosol binding of (*H)-
methyltrienolone and moxestrol

Displacement ability(%)

Steroids
Testosterone Estradiol
receptor receptor
Methyltrieno-

Jone(R1881) 100.0 18.7+3.3
Testosterone 93.7+8.9 13.3+3.9
ba-Dihydrotes- o547, 26.7+7.9

tosterone
Androstenedione 67.3+5.4 85+7.0
Estradiol 76+2.0 100.0
Cortisol 29.4+3.1 11.8+7.1
Triamcipolone 328465 _

acetonide
Progesterone. 26.1+7.1 25.7+4.7
Diethylstillbes-

terol(DES) 55+1.1 95.0+4.1

*The porcine GC pooled cytosol (1 mg/ml)
was incubated with 10nM tracers for 18hr
at 4C in the presence or absence of a 100
fold molar excess of cold steroid. The bound
steroids were separated by hydroxylapatitite.
The displacement ability is compared for those
in the absence of competitors(0%) and in the
presence of a 100 fold excess of unlabeled
methyltrienolone for TR and DES for ER.
Values given are the mean of three separate
experiments in triplicate.

153.1 fmol/mg protein.

Ligand Competition Study ; Steroid Specifi-
city

Competition of T binding in ovarian GC
cytosol by unlabelled steroids showed a ra-
ther broad specificity for the ovarian andro-
gen binding protein (Table 3). Maximum com-
petitition of moxesterol(R2858, E binding to
cytosolic receptor) occurred with E;
DES, the other hormones examined had lit-
tle effect on competitition for ER. The most

and

potent natural androgens such as T and ap-
pear to compete the best for binding to the
receptor whereas the androgen antagonists
such as cyproterone acetate and flutamide,
etc were only 20% as effective in this com-
petition assay a progesterone, E: or Sbeta-
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Table 4. Competition of various steroids for
triamcinolone acetonide blocked cytosol
(testosteronereceptor) binding of (*H) me-
thyltrienolone(R1881)

Displacing ability

Steroid of T-receptor(%)
Methyltrienolone 100
Testosterone 90
5a-dihydrotestosterone 85
Androstenedione 85
Estradiol 0
Cortisol 0
Triamcinolone acetonide 0
Progesterone <1

*The cytosol (1mg protein in 200x1) was pre-
incubated with 1 gM triamcinolone acetonide
(TA) for 2h at 0°C and was further incubated
with 10nM-R1881 for 2h at 2°C in the presence
or absence of a 100 fold molar excess of un-
labeled steroids (1uM/200¢1). The bound ster-
oids were separated by HA and the specificity
of R1881 binding in the TA-blocked cytosol.
The displacement abiltiy is compared for
those in the absence of competitor and in the
presence of 100 fold excess of unlabelled
R1881. Values are the mean of three separate
experiments in duplicate.

DHT, which are steroids with no or little
androgen activity.

These results suggest that R1881 binding to
androgen receptor is also displaced by gluco-
corticoids and triamcinolone acetonides(TA),
which has been known to bind glcocorticoid
or progesterone receptor. On the other hand,
Table 3 shows that an excess of R1881 can
completely suppress the TA or cortisol bin-
ding to their receptor.

These findings led us to study whether an-
drogen receptor (AR) in porcine GC is not
so specific for R1881 and androgens, and whe-
ther glucocorticoid receptor and PR inter-
fere with the binding of R1881 to AR, if glu-
cocorticoid and progesterone which have the
structure of 3-one and a double bond at C-
4, bind to androgen receptor. Table 4 shows
that the displacement ability of cortisol, pro-
gesterone, and estrogens seemed to be disap-
perared by treatment of TA. However, andro-
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Fig. 1. Estrogen receptor in ovarian gran-
ulosa cells. *Cytosol and nuclear suspensions
of ovarian granulosa cells were prepared and
incubated with labelled R2858(10 nmol) in the
presence or absences of 1 pmol DES for 18
hours at 4°C for cytosol or lhr at 37C for nu-
clear fraction. Each experiment was repeated
three times and expressed as mean+SD.
*p<0.05; **: p<0.001.

stenedione, 5a-DHT had a somewhat less sup-
pressive effect.

Contents of Steroid Receptors in Granulosa
Cells

The cytosolic and nuclear ER were deter-
mined in the granulosa cells of human, pig,
and rat after thorough stripping the endo-
geneous steroids by dextran-coated charcoals
and are summarized in Figure 1. The ratio
of ER contents in nucleus(fmon/mg DNA)
to cytosolic receptor{fmol/mg protein) of rat
and human were significantly higher than
that of pig. The cytosolic ER in pGC were
significantly higher than those in rGC and
hGC, but the nuclear ER in human GC were
significantly higher than others.

The concentrations of cytosolic and nuclear
testosterone receptor in GC are summarized
in Figure 2. On the contrary to ER results,
the ratio of nuclear receptor to cytosolic one
was less than 2. The amounts of cytosolic
and nuclear TR in hGC were significantly
lower than those in rGC and pGC.
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Fig. 2. Testosterone receptor in human and
porcine granulosa cells. Values are means#+
SD. The legends are same as in the Fig. 1 ins-
tead of concentrations of tracer, R1881 (10
nmol) and of cold R1881 (1 pmol).
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Fig. 3. Testosterone receptor of cytosol of
porcine granulosa cells during the follicular
maturation and atresia. The values are means
+ SD. Each experiment was repeated more
than three times. See the criteria of atretic
follicle in materials and methods. The bin-
dings of R1881 in the presence or absence
of cole R1881 (1 pmol) were determined after
18hrs incubation at 4°C (cytosol) and lhr at
37°C(nuclear). '

Contents of Testosterone Receptors in
Granulosa Cells from Porcine Normal or
Atretic Follicles

The cytosolic and nuclear TR in porcine
GC were determined to compare the changes



Table 5. Effects of dihydrotestosterone-enan-
thate on the level of ovarian cytosolic E-
and T-receptor in rat.

. Treatment
Estradiol DHTE t-test
ovarian wet
weight 6.3+ 0.9 4.9# 2.3 p<0.001
(mg) (n=15) (n= 5)

ovarian By 1690, 155 1365+20.1% pc0.01
receptor

ovarian T

78.3+20.7 7631158
~ receptor

*Rats(3 weeks old) were injected Img-estra-
diol/ml sesame oil by 2 days intervals and
on the 4th week, 5 rats were injected with
1mg-dihydrotestosterone enanthate/ml sesa-
me oil. All rats were killed 1 days later after
treatment and steroid receptor levels measu-
red and expressed as bound-stercid(fmol)/mg
cytosol protein.

of TR during follicle growth and atresia, and
summurized in Fig. 7.

The cytosolic TR tends to be increased as
the follicle becomes larger, eventhough the
significance could not be found because of
the small sample sizes and a large variations
of the values.

Cytosolic and nuclear TRs in small atretic
follicles were 2.1 times and 1.98 times higher
than those of normal ones. The same ten-
dency could be observed in the measurement
of TR in large follicles. But we found no dif-
ferences between the concentrations of TR
in medium atretic follicles and in normal
ones.

Effects of Dihydrotestosterone Enanthate
(DHTE) and Estradiol on the Ovarian Rece-
ptors

Previously, Saiduddin and Zassenhaus(1984)
have shown the presence of E2 receptors in
rat ovarian tissue and demonstrated that the
action of testosterone may be by blocking of
the synthesis of the ER. To confirm this cone-
ept, we treated E; Img/ml sesame oil from
3th week age by two day intervals until 30
days. One half of the rats were treated two
times the recently synthesized DHTE(100ug/

10041 sesame 0il) on the 4th week. On 1 day

later after the last injection, all animals
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were killed and the steroid receptor levels
in ovarian homogenates were measured and
summarized in Table 5.

The cytosolic ER and ovarian wet weight
were significantly reduced in rat ovary. At
this time, 24 hour later, the follicles became
to be atretic by the morphologic criteria. On
the contrary, TR in ovarian homogenates of
DHTE treated rats were not significantly
changed.

DISCUSSION

The present study shows that the DCC
adsorption assays often gave more variable
results. In part, this variability of DCC me-
thod may be due to “stripping” of bound T
from the receptor, as has been descried by
Peck and Clark(1977) for the uterine estro-
gen receptor. In particular, the DCC adsorp-
tion assay was sensitive to the protein con-
centration (more than 2mg protein) of cyto-
sol. The DCC assay, therefore, should be em-
ployed when cytosolic protein concentration
was greater than 2-4mg/ml. The present study
also confirmed that hydroxyl apatite method
and Sephadex mehtod were more reliable and
suitable to use in measurement of steroid
receptor in ovarian granulosa cells.

Correlation studies of PR and ER concen-
tratons (data not shown) showed that the
commercial Abbott’s EIA Kit for PR or ER
are useful to determine the low receptor levels
of cytosol routinely using monoclonal antibo-
dies(Legros et al., 1988). During the last 10
years, all receptor assays were based on mea-
surement of the capacity of cytosol fractions
for binding radiclabelled ligands. Because
this approach has the limitation to measure
the free receptors and also does not deter-
mine the localization of the receptor to spe-
cific cells, the method to measure the total
receptor number should be developed.

Bulk biochemical assays generally do not



discriminate among various tissue compon-
ents. Recently, a variety of histochemical
techniques including autoradiography, im-
munocytochemistry and histofluorescene te-
chniques has been tried to identify receptors
in different cell types (DeGoeu et al., 1984 ;
Perrot- Applanat et al., 1985, 1987). Recent
papers measuring steroid receptors using mo-
noclonal antibodies describe exclusively a
nuclear distribution of receptor observed in
cells of the endometrium, myometrium, ovi-
duct, cervix, vagina pituitary and breast even
under the conditions where Ps is present in
only low concentration (king and Greene,
1988 ; Press and Greene, 1988). The present
study also demonstrates that a large number
of ER(Fig. 1) and TR (Fig. 2) could be deter-
mined in the nuclear fractions of granulosa
cells.

ER-EIA may be particulary useful when
ER is measured in ovarian carcinoma, beca-
use the ovaries may contain a huge amount
of endogeneous E; that may invalidate recep-
tor assays in which radiolabelled ER-ligands
are used. (Holt and Bolanos, 1986 Legros et
al,, 1988). The most potential advantages of
these kits will be the fact that endogeneous
steroid would not interfere the measurement
of concentration of receptors themselves. On
the other hand, immunocytochemical study
of mammalian steroid receptors might make
it possible to visualize small amount of recep-
tors and also their locality. (Perrot-Applanat,
et al., 1985, 1988 ; Isola et al., 1987 ; Press and
Green 1988). The present study also showed
that the endogeneous steroid could be remo-
ved by DCC adsorption, and that the tissue
isolations and the separation of ovarian gran-
ulosa cells could be done without difficulties.
The present studies also demonstrated that
the steroid receptors in lower amount of cy-
tosol(200ug/ml).

The natural T has a disadvantage as a
ligand in the study of androgen receptor,
because it is easy to be metabolized to less
potent derivatives, so that it can be difficult
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to measure the accurate dissociation constant
and the number of binding sites. The present
result confirmed that methyltrienoclone could
bind to glucocorticoid receptor and to a
small portion of PR. Thus, the use of R1881
as ligand in TR measurement, might possibly
be overestimated. It has been also known
that progesterone also bind glucocorticoid
receptor with a lower affinity than corticos-
terone and TA, which also can bind to PR
but not to TR(Kyakumoto et al., 1984). The
cross bindings of steroid hormones to their
receptors are very important factors in or-
der to study their roles on the ovary because
there are a huge amount of steroids. There-
fore it is necessary to supress the other ste-
roid receptors and also is necessary to re-
move the free steroids before assays as shown
in this study.

The present results demonstrate that the
granulosa cell in porcine and human ovary
contain androgen binding activity that has
several characteristics of a receptor. The bin-
ding affinity (Kd=4-11.8) is similar to other
steroid receptors and is saturable. T receptor
is comparable to E; receptor in the ovarian
tissue in gquantity. The Scaichard plot analy-
sis of the ovarian androgen receptor showed
that at high concentrations of [*H) T, bin-
ding activity is detected which is of low af-
finity and high capacity. However, this bind-
ing activity is not detected by the DCC adsorp-
tion assay, probably because charcoal “strips”
the bound T from these low affinity sites
(Saiduddin and zassenhaus, 1984). Indeed, DCC
appears to strip bound T from the high af-
finity sites as well(particularly at low cyto-
sol protein levels). Thus, the assay of ovarian
T receptor in dilute cytosol preparations re-
qures a technique such as HA or sephadex
G-25 as shown in the present study.

Some data have been published on the ster-
oid receptor content of the human normal
ovary since 1973 (Taylor et al., 1973). Wurz
et al.(1983) have reported 42% of the nor-
mal ovaries to contain both ER and PR. Of



19 healthy ovaries examined by Lantta(1984),
26% contained both ER and PR, and 26%
were receptor negative. In 47% the combina-
tion ER-/PR+ was found. However, these
results suggest that the low ER content of
normal ovaries examined is possibly due to
the ‘endogenous’ estrogen of the ovarian tis-
sue. By a recently, developed of commercial
kits, receptors content could be found at the
level of 3-5 fmol/mg protein. This may be
particularly useful when ER is measured in
ovary which may contain a huge amount of
steroids. Thus, the receptor study might be
on the start line for the race. The present
result showed that in human and porcine
ovary, the detectable amount of TR and ER
could be measured after thorough stripping
the endogeneous steroids by charcoal treat-
ments, but could not elucidate whether the
determined TR or ER .s unoccupied or occu-
pied.

The present stur'y showed that after injec-
tion of 1mg DHTS ovarian wet weight and
the amount ¢ ovarian E; receptor have
significantly decreased. The tahle 5 showed
that this respones to DHTZ is specific for the
ovary because the uterine wet weight and
amount of Ez receptor are not significantly
changed (data not shown). This result also
suggests that the loss of E; receptor in the
ovary does not appear to be duve simply to
cell death since the amount of T receptor is
unchanged. On the other hand, the follicles
from the DHTE treated ovary became atretic
at 24hrs later of treatment as shown in the
result of Saiduddin and Zassenhaus(1984). Ba-
sed upon the results that androgen decreases
the ovarian weight and ovarian cytosolic ER
in rat, and that the contents of TR in granu-
losa cells of atretic follicles in pig, the pre-
sent study could demonstrate that androgen
might act directly on the ovary and might
inhibit the action of estrogen to proliferate
the maturation of GC in the ovary by the
reduction of estrogen receptor.
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