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In the rat, sex differences in behavioral responsiveness to 
progesterone have been correlated with a sex difference in 
estrogen-induced progestin receptor induction in the ven- 
tromedial nucleus (VMN). It has recently been suggested 
that this sex difference in progestin receptor induction may 
only be present after treatment with large doses of estrogen. 
We have evaluated the sex difference in hypothalamic cy- 
tosol progestin receptor induction in gonadectomized/ad- 
renalectomized rats treated with moderate doses of estra- 
diol benzoate (EB; 20 pg/kg body weight). No sex differences 
were detected in cytosol progestin binding in mediobasal 
hypothalamus or preoptic area of animals treated with this 
dose 48 hr before they were killed. However, a higher level 
of progestin binding in the VMN of females than of males 
was found when these brain regions were examined using 
a microdissection technique. Saturation binding analysis of 
progestin binding in the VMN indicated that this sex differ- 
ence in binding reflects a difference in the number of pro- 
gestin binding sites, and not a difference in binding affinity. 
A dose-response study of progestin receptor induction in 
the medial preoptic nucleus (mPON), arcuate-median em- 
inence region (ARC-ME), and VMN of male and female rats 
indicated a sex difference in cytosol progestin binding in the 
VMN at all EB doses tested (2, 8, 40, or 200 pglkg body 
weight). No sex differences in cytosol progestin binding in 
the mPON or ARC-ME were observed at any of the tested 
doses. These results support the idea that the differences 
in behavioral sensitivity to progesterone may result in part 
from sex differences in the estrogen induction of progestin 
receptors in the VMN. 

In the female rat, a preovulatory rise in progesterone secretion 
activates the onset of sexual behaviors and may play a role in 
determining the duration and amplitude of the luteinizing hor- 
mone (LH) surge (Powers, 1970; Feder et al., 197 1; Wise et al., 
1981). These effects of progesterone, which require prior ex- 
posure to estrogen, are not normally elicited in the male rat. 
Although sexual receptivity can be activated in the castrated 
male by treatment with large doses of estradiol, progesterone 
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appears to have little or no facilitatory effect (Whalen and Ed- 
wards, 1967; Davidson and Levine, 1969; Clemens et al., 1970; 
Whalen et al., 197 1; Etgen, 198 1; Parsons et al., 1984). Similarly, 
the male rat does not exhibit an LH surge in response to either 
estrogen treatment or to combined estrogen and progesterone 
treatment (Brown-Grant, 1974). 

The effects of progesterone on female sexual behavior are 
thought to be mediated by the interaction of progesterone with 
intracellular progestin-specific binding proteins, or receptors. 
The concentration of these receptors in cytosol from certain 
brain regions, including the hypothalamus and preoptic area, 
increases following estrogen treatment (MacLusky and McEwen, 
1978, 1980; Blaustein and Feder, 1979; Moguilewsky and Ray- 
naud, 1979a). Subsequent progesterone treatment results in a 
transient increase in the levels of these receptors measured in 
the cell nucleus after subcellular fractionation, and a concurrent 
decrease in receptors measured in the cytosol fraction (Blaustein 
and Feder, 1980; McGinnis et al., 198 1). In addition, estrogen- 
pretreated guinea pigs that have received an antiprogestin have 
exhibited both a decrease in the availability of cytosol progestin 
receptors and a blockage in progesterone-facilitated sex behavior 
(Brown and Blaustein, 1984, 1986). As a result of the transient 
increase in nuclear binding, the bound progestin receptor com- 
plex is thought to alter protein synthesis important for the ac- 
tivation of sexual behavior (Rainbow et al., 1980, 1982a). 

Several studies have compared cytosol progestin receptor levels 
in the hypothalamus-preoptic area of estrogen-treated male and 
female rats. The results of these studies have been somewhat 
inconsistent, with some investigators reporting lower progestin 
receptor levels in male rats (Moguilewsky and Raynaud, 1979b) 
and others reporting little or no sex difference in progestin re- 
ceptor levels (Etgen, 198 1, 1985; Kirchhoff et al., 1983). In a 
study of progestin binding in cytosols obtained from micro- 
dissected brain nuclei, Rainbow et al. (1982b) reported signifi- 
cantly increased levels of progestin binding in the ventromedial 
nucleus (VMN) of female rats in response to treatment with 10 
pg estradiol benzoate (EB)/d for 3 d. In contrast, this same 
treatment had little or no effect on progestin binding in the male 
VMN. As the VMN is considered to be the principal site for 
the hormonal activation of female sexual behavior (Rubin and 
Barfield, 1980, 1983), these results indicate that the relative 
insensitivity to progesterone of the male rat may be due to 
insufficient progestin receptor induction in the VMN. It has 
recently been suggested, however, that a sex difference in pro- 
gestin receptor induction may be observed only after treatment 
with large nonphysiological doses of estrogen (Etgen, 1985). This 
suggestion was based on the finding of a sex difference in cytosol 
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progestin binding in the hypothalamus of rats treated with large 
doses of EB (10 &animal daily for 3 d), but not with lower 
doses (a single injection of 10 or 40 Kg/kg body weight). 

In the present study, the effect of a moderate dose of EB (20 
pg/kg body weight) on hypothalamic progestin receptor induc- 
tion was evaluated in male and female rats. Previous studies 
have shown that this dose of EB is sufficient to activate pro- 
gesterone-facilitated sex behavior in female rats (Whalen, 1974). 
In addition, the effect of various EB doses on progestin binding 
in cytosols obtained from microdissected brain regions known 
to regulate female sexual behavior and gonadotropin secretion 
was determined. 

rinse of the tissue grinder. After centrifugation at 105,000 x g for 45 

used as standard. Specific binding was calculated by subtracting binding 

min, 250 ~1 of the supematant (cytosol) were incubated with 50 ~1 TEGT 
containing 0.4 nM (final concentration) ‘H-R 5020 (spec. act., 87 Ci/ 

measured in the nresence of unlabeled R 5020 (nonsnecific binding) 

mmol; New England Nuclear, Boston, MA) with or without a loo-fold 
molar excess of unlabeled R 5020. Following an overnight incubation, 
bound and free ‘H-R 5020 were separated by gel filtration on 4.5 x 68 
mm Sephadex LH-20 columns (Pharmacia Fine Chemicals, Piscataway, 
NJ). Aliquots of incubate (250 ~1) were loaded onto the columns and 
were washed into the column bed with 150 ~1 TEGT. Thirty minutes 
after sample loading, the macromolecular fraction was eluted into scin- 
tillation vials with 700 ~1 TEGT. The samples were extracted overnight 
into 5 ml Betafluor scintillation fluid (National Diagnostics, Highland 
Park, NJ) and counted for 10 min in a Beckman model LS8000 spec- 
trophotometer at an efficiency of 55%. The cytosol protein content was 
determined by the dye-binding method of Bradford (1976). with BSA 

Materials and Methods 
Animals. Male and female Sprague-Dawley rats (Charles River Breeding 

~_ ~~~~~ ~~~~. ~~~“, 
from that measured in the absence of unlabeled R‘5020 (total binding). 

adrenal progestins on progestin receptor binding. Animals were group- 

Laboratories, Kingston, NJ), 70-80 d of age, were gonadectomized and 

housed, 3-5 per cage, in 8 x 50 x 20 cm plastic cages. Food (Purina 

adrenalectomized (GDX/ADX) under methohexital anesthesia (Brev- 

Laboratory Chow; Ralston-Purina, St. Louis, MO) and water were freely 
available, and a 12 hr light/ 12 hr dark cycle was maintained (lights on 
from 0700-1900 hours). Normal saline was substituted for tan water 

ital, 50 mg/kg body weight; Eli Lilly) 10-l 5 dafter arriving at our animal 

following adrenalectomy to help maintain electrolyte balance. A recov- 

facility. Adrenalectomy was performed to eliminate the influence of 

ery period of 7-9 d following surgery was allowed before experimental 
treatment was begun. 

Hormone treatment. 17P-Estradiol-3-benzoate (EB) was injected sub- 
cutaneously in 0.07-0.24 ml sesame oil. Because age-matched male and 
female rats differ in body weight, all injections were administered on a 
per kilogram of body weight basis. All injections were given 3-4 hr 
before the onset of the dark phase of the light/dark cycle. 

tubes and centrifuged at 105,000 x g (Beckman airfuge, 30 psi) for 20 

Results are expressed as femtomoles of 3H-R 5020 specifically bound/ 

min. Aliquots (75 ~1) ofthe supematant were incubated with 50 ~1 TEGT 
containing 0.4 nM (final concentration) 3H-R 5020 with or without a 

mg cytosol protein. 

loo-fold molar excess of unlabeled R’ 5020. Following an overnight 
incubation, bound and free 3H-R 5020 were separated on 7 x 32 mm 
Sephadex LH-20 columns. This procedure was similar to that used for 

Microdissected tissues from l-3 animals were homogenized in 200 

MBH and POA samples except that 100 ~1 of sample were loaded, 100 
~1 TEGT were added to rinse the sample into the column bed, and 400 

~1 TEGT. The homogenates were transferred to 5 x 20 mm polyethylene 

J TEGT were added to elute the macromolecular fraction. 

Brain dissection. Forty-eight hours after EB treatment, animals were 
killed by decapitation or bv intracardial nerfusion of 40 ml cold 10% 
(vol/vol) dimethylsulfoxide (DMSO) under ether anesthesia, followed 
by decapitation. 

For experiments in which progestin binding was determined in cy- 
tosols obtained from the entire mediobasal hypothalamus (MBH) or 
preoptic area (POA), the brains were rapidly removed and dissected on 
a chilled glass plate. The triangular MBH sample was bounded rostrally 
by the posterior edge of the optic chiasm, and caudally by the posterior 
edge of the mammillary bodies. Cuts extending ventrally from the top 
of the third ventricle to approximately 2 mm lateral to the base of the 
third ventricle formed the dorsolateral boundaries. The POA sample 
extended approximately 2 mm rostra1 to the MBH sample. A cut made 
along a line continuous with the lateral ventricles formed the lateral 
boundaries, and a cut through the level of the anterior commissure 
formed the dorsal boundary. 

For experiments in which progestin binding was determined in cy- 
tosols obtained from microdissected nuclei, brains were rapidly re- 
moved and frozen onto cryostat chucks using powdered dry ice. The 
brains were then wrapped and stored at -80°C for no more than 3 d. 
To obtain sections, the brains were transferred to an IEC cryostat main- 
tained at - 15°C and allowed at least 20 min to equilibrate. Serial 300- 
pm-thick sections were cut and placed on glass slides, with the first 
section corresponding to section A7020 of the atlas of Konig and Klippel 
(1963). The mounted sections were stored overnight at - 80°C. On the 
day of assay, the mounted sections were transferred to a freezing mi- 
croscope stage maintained at - 15°C. The medial preoptic nucleus 
(mPONl. arcuate-median eminence (ARC-ME). and VMN were re- 
moved under a dissecting microscope‘with a lOOO-pm-diameter stain- 
less steel punch, as described by Palkovitz (1973, 1980). The mPON 
was taken from sections 1-3, the ARC-ME from sections 8-12, and the 
VMN from sections 9-l 2, as illustrated in Figure 1. 

Cytosol progestin binding assay. Cytosol progestin binding was mea- 
sured as described previously (Blaustein and Feder, 1979; Parsons et 
al., 1982), with minor modification. All procedures were conducted at 
0-4°C. MBH and POA samples from individual animals were placed 
in 1 ml TEGT buffer (10 mM Tris. 1.5 mM Na,EDTA. 10% (vol/vol) 
glycerol, and 12 mM monothioglycerol, pH 7.4) and homogenized in 
glass tissue grinders with a Teflon pestle. The homogenates were trans- 
ferred to 16 x 70 mm polycarbonate tubes, along with a 250 ~1 TEGT 

Saturation binding assay. Cytosols from microdissected tissues were 
obtained from 13 male and 13 female rats as described and were pooled 
for each tissue and sex. Aliquots (75 ~1) of the pooled cytosols were 
incubated with 50 ~1 TEGT containing a range of 3H-R 5020 concen- 
trations (0.05-3.0 nM). Following an overnight incubation, bound JH-R 
5020 was separated from free as described. The binding data obtained 
were analyzed by a computer-assisted nonlinear curve-fitting method 
(Munson and Rodbard, 1980). 

Statistical analysis. The effect of 20 pg EB/kg body weight treatment 
on progestin binding was statistically analyzed using an analysis of vari- 
ance. Sex comparisons of progestin binding levels were evaluated using 
2-tailed Student’s t tests. Data obtained in the dose-response experiment 
were statistically analyzed by a 2-way analysis of variance. Apparent 
sex differences in progestin binding (significant sex-dose interaction) 
were further analyzed by 2-tailed t tests. Further comparisons of dose 
effects were analyzed by Duncan’s Multiple Range Test (p < 0.05 level) 
(Duncan, 1955; Kramer, 1956). 

Results 
Experiment 1: Effect of DMSO perfusion 
The dissection of individual brain nuclei, as described in this 
study, requires tissue freezing, a process that may result in di- 
minished steroid hormone receptor levels (MacLusky et al., 
1986; Thornton et al., 1986). DMSO, which can act as a cryo- 
protective agent, is thought to prevent this loss of steroid hor- 
mone binding in frozen tissues and has been used in several 
studies of hormone binding in microdissected tissue samples 
(Parsons et al., 1982, 1984; Rainbow et al., 1982b; Thornton et 
al., 1986). In order to determine whether DMSO perfusion has 
an effect on the measurement of progestin receptor levels in 
microdissected brain tissues, GDX/ADX female rats were treat- 
ed with 5 Kg EB 48 hr before decapitation. All animals were 
anesthetized with ether and were either perfused with cold 10% 
DMSO prior to decapitation or decapitated without perfusion. 
The brains were removed, frozen onto cryostat chucks, and 
stored at -80°C for 3 d, the maximum storage period used in 
this study. VMN, mPON, and ARC-ME cytosols were obtained 
and assayed for progestin binding as described. 

No effect of DMSO perfusion was noted in any of the 3 tissues 
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Figure 1. Microdissection of the hypothalamus and preoptic area. Twelve 300-pm-thick sections were obtained from each brain and were mounted 
onto microscope slides. Sections were allowed to thaw briefly to ensure their adhesion onto the slide. Brain nuclei were removed with a lOOO-pm- 
diameter stainless steel punch, as described by Palkovitz (1973). As indicated, the mPON was dissected by taking bilateral punches from sections 
1-3, the ARC-ME by taking a single partial punch from sections 8-12, and the VMN by taking bilateral punches from sections 9-12. 
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Figure 2. Effect of DMSO perfusion 
on progestin binding in microdissected 
brain nuclei. Female rats were treated 
with 5 pg EB. Forty-eight hours later, 
animals were anesthetized with ether 
and killed by decapitation or perfusion 
with 10% DMSO. Cytosols from mi- 
crodissected brain nuclei were obtained 
and incubated overnight at 0-4°C with 
0.4 nM ‘H-R 5020 + unlabeled R 5020. 
Bars represent means 2 SEM of 4-6 
observations per group. Each observa- 
tion was obtained from tissue pooled 
from 2 animals. 

examined (Fig. 2). Although a slight trend toward greater bind- Estrogen treatment resulted in an approximate 2-fold increase 
ing in the ARC-ME of DMSO-perfused rats was noted, this was in cytosol progestin binding in the POA (F( 1,29) = 267.53, p < 
the result of differences in protein concentration possibly caused 0.005) and more than a 3-fold increase in the MBH (F( 1,29) = 
by the presence of blood proteins. No differences in protein 79.5, p < 0.005; Fig. 3). No sex differences were detectable in 
levels occurred in the mPON or VMN. either the vehicle- or EB-treated groups. 

Because these data indicated that progestin binding levels 
were similar in decapitated and DMSO-perfused animals, ani- 
mals were killed by decapitation in the remaining experiments. 
The only exception to this was experiment 3, which was in 
progress when these data were obtained. 

Experiment 3: Sex comparison of progestin receptor induction 
in microdissected regions of the hypothalamus 

Experiment 2: Sex comparison of progestin receptor induction 
in the MBH and POA 
Some investigators have reported a sex difference in hypotha- 
lamic progestin receptor induction, whereas others report little 
or no sex difference. In the present study, we compared progestin 
binding in MBH and POA cytosols from GDX/ADX male and 
female rats 48 hr after treatment with a single injection of 20 
Kg EB/kg body weight or of the oil vehicle. 

In the preceding experiment, no sex differences were detected 
in cytosol MBH or POA progestin binding; however, it remained 
possible that regional sex differences in progestin binding within 
these tissues existed. To examine this possibility, GDX/ADX 
rats were treated as in the previous experiment (injection of 20 
pg EB/kg body weight or of oil vehicle). Animals were killed 48 
hr after treatment, and progestin binding was measured in cy- 
tosols obtained from the mPON, ARC-ME, and VMN. 

In both sexes, EB treatment significantly increased progestin 
binding in all 3 brain nuclei (Fig. 4). Although no sex differences 
were noted in the mPON or ARC-ME, progestin binding was 

Figure 3. Sex comparison of progestin 
binding in MBH and POA cytosol. Rats 
were treated with 20 pg EB/kg body 
weight or sesame oil (vehicle) 48 hr prior 
to decapitation. MBH and POA cyto- 
sols were incubated overnight at 0-4°C 
with 0.4 nM 3H-R 5020 ? unlabeled R 
5020. Bars represent means f  SEM of 
I-10 observations per group. 
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Figure 4. Sex comparison of progestin 
binding in cytosol obtained from mi- 
crodissected brain nuclei. Rats were 
treated with 20 pg EB/kg body weight 
or sesame oil (vehicle) 48 hr prior to 
decapitation. Cytosols from microdis- 
sected brain nuclei were incubated 
overnight at 0-4°C with 0.4 nM ‘H-R 
5020 + unlabeled R 5020. Bars rep- 
resent means f  SEM of 5 observations 
per group except for the VMN male ve- 
hicle-treated group, where there were 2 
observations. Each observation was ob- 
tained from tissue pooled from 2-3 an- 
imals. *Significant male versus female 
difference, p < 0.05. 

0 A. 
significantly higher in the VMN of EB-treated females than in 
the VMN of EB-treated males (t(l0) = 2.570, p < 0.05). 

0 
Experiment 4: Saturation binding analysis of progestin 

0 binding in mPON, ARC-ME, and VMN 

Although the data presented in experiment 3 confirmed the 
0 

. 

f 

existence of a sex difference in progestin binding induction in 

. female 
VMN cytosol, it remained uncertain whether this difference was 
the result of a difference in binding capacity or in binding affinity. 

0 To determine this, a saturation binding study of progestin bind- 
0 . ing in VMN cytosol of male and female rats was conducted. 

male 0 ARC-ME and mPON cytosols were also assayed to serve as 
controls and to test for regional differences in progestin binding 
affinity. 

B. 
GDX/ADX rats were treated with 20 pg EB/kg body weight 

and killed 48 hr later. Cytosols from VMN, mPON, and ARC- 
ME were obtained and incubated with a range (0.02-3.0 nM) of 
3H-R 5020 concentrations. Data obtained were analyzed with 
the use of LIGAND (Munson and Rodbard, 1980), a saturation 
binding analysis program modified for use on the IBM personal 
computer. 

Table 1. Comparison of dissociation constants and binding capacities 
of cytosol obtained from microdissected brain nuclei for 3H-R 5020 

Binding 

20 40 60 80 
capacity0 

Kd (fmol/mg 

[“H] R 5020 BOUND (fmol/mg protein) 
Tissue Sex om protein) 

Figure 5. Scatchard representation of progestin binding in the VMN 
of male and female rats. Rats were treated with 20 pg EB/kg body weight 
48 hr prior to decapitation. Cytosol was pooled for each sex and in- 
cubated overnight at O-4% with a range (0.02-3 nM) of ‘H-R 5020 
concentrations. A, Total ‘H-R 5020 binding. The curves through the 
data points represent best-fit lines calculated using the LIGAND computer 
program (Munson and Rodbard, 1980), with a l-site + nonspecific 
binding model. B, Saturable 3H-R 5020 calculated from the data in A 
by subtraction of the best-fit estimates for nonspecific binding generated 

Medial preoptic Male 0.113 27.2 + 4.1 
nucleus (mPON) Female 0.134 29.6 + 7.8 

Arcuate median Male 0.202 52.4 f  10.2 
eminence (ARC-ME) Female 0.166 58.3 + 5.6 

Ventromedial Male 0.240 38.7 + 7.7 
nucleus (VMN) Female 0.204 52.2 f  8.3 

y +SE (approximate) of the estimated binding capacity (Munson and Rodbard, 
1980). Results were calculated bv least-sauares rearession analvsis of Scatchard 

by the LIGAND program. plots’for each brain region (see Fig. 5). _ - 
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Figure 6. Sex comparison of progestin binding in microdissected brain nuclei 48 hr after treatment with sesame oil or 2, 8, 40, or 200 r.rg EB/kg 
body weight. Cytosols from microdissected brain nuclei were incubated overnight at 0-4°C with 0.4 nM 3H-R 5020 ? unlabeled R 5020. Points 
represent means -+ SEM of 8-10 observations per group. Each observation was made from tissue obtained from a single animal. Asterisks mark 
female groups with a significantly higher progestin binding level than that measured in male animals treated with the same EB dose (p < 0.05). 

The best-curve-fitting analysis for each set of binding data 
was provided using a 1 -site plus nonspecific binding model. The 
results obtained reveal that the sex difference in progestin bind- 
ing in the VMN is the result of a greater number of induced 
receptors in the female than in the male (Fig. 5). No sex differ- 
ence in binding affinity in the VMN was noted. As expected, 
no sex differences in either progestin binding capacity or binding 
affinity were present in the mPON or ARC-ME (Table 1). Sim- 
ilar results were obtained in a second saturation binding study 
(data not shown) that used fewer 3H-R 5020 concentrations and 
included parallel incubation tubes containing a 1 OO-fold molar 
excess of unlabeled R 5020 to correct for nonspecific binding. 

Experiment 5: Dose-response sex comparison of progestin 
receptor induction in microdissected regions of the 
hypothalamus 
A recent study has suggested that a sex difference in progestin 
receptor induction in the VMN may be present only after treat- 
ment with high doses of estrogen (Etgen, 1985). To test this 
hypothesis, we compared progestin binding in cytosols from 
mPON, ARC-ME, and VMN of GDX/ADX male and female 
rats treated with a single injection of 0, 2, 8, 40, or 200 pg EB/ 
kg body weight 48 hr before decapitation. 

A significant effect of EB dose was found in all 3 tissues (Fig. 
6) (mPON: F(4,81) = 43.99, p < 0.001; ARC-ME: F(4,80) = 
38.62,~ < 0.001; VMN: F(4,74) = 40.31,~ < 0.005) but, as 
expected, a significant dose x sex interaction was found only 
in the VMN (F(4,74) = 4.291, p < 0.005). No sex differences 
in progestin binding levels measured in vehicle-injected animals 
were noted in any of the nuclei examined. 

In the VMN, cytosol progestin binding was significantly higher 
in the female than in the male at all dose levels of EB. In the 

male VMN, the lowest EB dose resulting in a statistically sig- 
nificant induction of progestin binding (over oil-injected con- 
trols) was 8 &kg body weight. No significant differences were 
found in binding levels measured at this dose as compared to 
levels measured at 40 or 200 pg EB/kg body weight. 

In the female VMN, 2 pg EB/kg body weight increased pro- 
gestin binding levels significantly above those measured in the 
oil-treated control group. A further significant increase was found 
in the group treated with 8 pg EB/kg body weight. The levels 
of VMN cytosol progestin binding measured in animals treated 
with this dose did not differ statistically from the levels mea- 
sured in animals treated with 40 or 200 Kg EB. 

In the ARC-ME and mPON, the dose-response pattern in the 
male was similar to that in the female. In both sexes, an EB 
dose of 2 &kg body weight resulted in a significant induction 
of cytosol progestin binding. EB doses of 40 and 200 &kg body 
weight induced levels of progestin binding that were statistically 
similar to one another, and, in the ARC-ME, these levels were 
greater than the levels measured after treatment with 8 pg EB/ 
kg body weight. In the mPON, binding levels measured in an- 
imals treated with 200 Kg EB/kg body weight were significantly 
greater than those measured in animals treated with 8 pg EB/ 
kg body weight; however, the levels induced by 40 and 8 &kg 
body weight were not statistically different. 

Discussion 
In previous studies measuring progestin binding in microdis- 
sected brain nuclei, animals were perfused with 10% DMSO to 
prevent any possible loss of hormone binding due to tissue 
freezing (Parsons et al., 1982, 1984; Rainbow et al., 1982% 
Thornton et al., 1986). The results obtained in the present study 
on the effect of DMSO perfusion on cytosol progestin binding 
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in microdissected tissues, however, indicate that DMSO per- 
fusion is not necessary. These results agree with and extend those 
of MacLusky et al. (1986) which indicated that tissue freezing 
or DMSO treatment had little or no effect on progestin binding 
in hypothalamic cytosol (cf. Thornton et al., 1986) although 
some losses of progestin binding may occur in other tissues in 
the absence of DMSO cryopreservation. 

As in several previous studies (Etgen, 198 1, 1985; Kirchhoff 
et al., 1983) no sex difference in MBH or POA cytosol progestin 
receptor induction was observed in the present study. However, 
when these brain regions were examined more closely, a higher 
level of progestin binding in VMN cytosol of female rats than 
in that of male rats was apparent. This sex difference in progestin 
binding was the result of a difference in the number of induced 
progestin receptors, and not of a sex difference in progestin 
binding affinity. The MBH tissue sample, as dissected in this 
study, contained several brain nuclei, including the ARC-ME, 
and was approximately 5 times the size of the VMN sample. 
Thus, it is likely that the sex difference in progestin binding was 
not detected in the MBH because the sex difference is restricted 
to the VMN. 

The finding of a sex difference in progestin receptor induction 
in the VMN but not the mPON or ARC-ME is consistent with 
a study by Rainbow et al. (1982b). In that study, animals were 
treated with a large dose of EB, 10 Kg/animal daily, for a period 
of 3 d. Little or no induction of progestin receptors was reported 
in the male VMN, while in the female a substantial increase in 
progestin binding was reported. However, in the present study, 
we found that treatment with a moderate dose of EB resulted 
in a significant induction of progestin receptors in the male 
VMN. Furthermore, this level of induction was found to in- 
crease with increasing EB doses. The reason for this apparent 
discrepancy is not known; however, one important difference 
between the 2 studies is that, in the present study, animals were 
adrenalectomized as well as gonadectomized, whereas in the 
former study the animals were adrenal-intact. It is possible that 
in the previous study adrenal progesterone secretion in the male 
masked an increase in progestin binding by competing with the 
radiolabeled ligand during the assay procedure. Studies have 
shown that cytosol progestin binding in the hypothalamus is 
significantly lower in gonadectomized rats than in gonadecto- 
mized-adrenalectomized animals (Etgen, 1985; T. J. Brown and 
A. S. Clark, unpublished observations). However, the levels of 
plasma progesterone measured after castration are similar in the 
2 sexes (Piva et al., 1973) and would, therefore, be expected to 
affect the measurement of progestin binding to an equal extent. 
Alternatively, the lower progestin binding induction in the male 
VMN observed by Rainbow et al. (1982b) could be a function 
of the large dose of EB used and its method of administration. 
This is unlikely, however, because, in the present study, treat- 
ment with a large dose of EB (200 p&kg) resulted in a greater 
induction of progestin binding in the male VMN than did treat- 
ment with lower EB doses. In any event, it is apparent that a 
striking sex difference in progestin receptor induction exists in 
the VMN. 

The minimally effective dose of EB required to prime a female 
rat to become sexually receptive in response to progesterone 
treatment is approximately 4-8 &kg body weight (Whalen, 
1974). This dose was found to result in a significant increase in 
progestin receptor levels in the female VMN. Interestingly, a 
dose of 200 pg EB/kg body weight resulted in a level of progestin 
binding in the VMN of the male equivalent to that measured 

in the female VMN following treatment with 2 pg EB/kg body 
weight, a dose generally considered to be subthreshold in the 
activation of progesterone-facilitated sexual behavior in the fe- 
male rat. These results, therefore, are consistent with the idea 
that a sex difference in progestin receptor induction in the VMN 
may be partly responsible for the sex difference in responsivity 
to progesterone. It is important to remember, however, that 
other factors may also contribute to sex differences in sensitivity 
to progesterone. Such factors as a possible sex difference in post- 
receptor binding events or in neuronal connectivity of the VMN 
may also be involved in determining the response to proges- 
terone action in the VMN. 

The results of this study, together with those of Rainbow et 
al. (1982b), clearly demonstrate a sexually dimorphic effect 
of estrogen action in the VMN. Although Parsons et al. (1984) 
have shown that this sex difference is probably the result of 
exposure to aromatizable androgens during perinatal develop- 
ment, the mechanism underlying the development of this dif- 
ference is not entirely clear. Rainbow et al. (1982b) found no 
difference in cytosol estrogen receptor levels in the VMN of 
male and female rats; indicating that the sex difference in es- 
trogen action is not caused by a difference in the availability of 
estrogen receptors. In support of this, data obtained in this 
laboratory show that nuclear bound estrogen receptor levels 
measured in the VMN 1 hr after intravenous injection of a 
saturating dose of estradiol are similar in males and females 
(Kranzler, 1984). It remains possible, however, that a sex dif- 
ference exists in the retention of nuclear-bound estrogen recep- 
tors in the VMN, which could lead to a difference in estrogen 
action. It is also conceivable that the organizational effects of 
early androgen exposure result in the inactivation of genes re- 
sponsible for the induction of progestin receptors by estrogen 
action in a subset of estrogen-sensitive cells in the male VMN. 
Alternatively, these organizational effects could be manifested 
as a selective loss of estrogen-progestin-sensitive neurons. How- 
ever, the fact that there is no sex difference in estrogen receptor 
levels in the VMN suggests that, for this hypothesis to be valid, 
the progestin target neurons would have to be replaced by cells 
sensitive to estrogen, but not progesterone. Further study of the 
sex difference in progestin receptor induction in the rat VMN 
should yield important new information on how gonadal ste- 
roids exert organizational effects in the brain. 

In summary, the results of this study indicate that treatment 
with physiologically relevant doses of EB results in a greater 
induction of progestin receptors in the VMN of female rats than 
in that of males. The magnitude of this sex difference may at 
least partly account for the differences in responsiveness between 
the 2 sexes to the lordosis-promoting effects of progesterone. 
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