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Sex steroid hormone receptors are thought to me-

diate the actions of their respective hormones by

functioning as ligand-activated nuclear transcription

factors that alter the expression of specific sets of

hormone-responsive genes. Particularly high densi-

ties of estrogen receptor (ER)-containing neurons

are located in the arcuate nucleus (ARH) and ventro-

lateral part of the ventromedial nucleus (VMHvl) of

the hypothalamus, and these cell groups are thought

to play key roles in the neuroendocrine control of

reproductive function. Thus, hormonal regulation of

ER gene expression in ARH and VMHvl neurons

represents a direct mechanism by which circulating

sex steroids could affect the responsiveness of

these neurons to hormonal activation. We used in

situ hybridization histochemistry to evaluate the in-

fluence of estradiol and testosterone on levels of

ER mRNA within the ARH and VMHvl of adult male

and female rats. In female rats, estradiol treatment

reduced levels of ER mRNA in the ARH and VMHvl

within 24 h relative to levels in both ovariectomized

control animals and intact estrous females. Com-

parable results were obtained in male rats, except

that testosterone did not significantly attenuate ER

mRNA hybridization in the VMHvl until after 3 days

of hormone treatment, and only a minor decrease

was noted in the ARH, which was not statistically

significant. In both male and female animals, the

overall density of labeling found over individual cells

in emulsion-dipped autoradiograms was consist-

ently lower in hormone-treated animals compared

with that over cells in gonadectomized controls,

suggesting that the observed decreases in ER

mRNA hybridization measured over the ARH and

VMHvl are due to changes in cellular levels of ER

mRNA. These results indicate that circulating sex

steroids suppress the biosynthesis of the ER in ARH

and VMHvl neurons, thereby altering the responsive-

ness of these cells to hormonal activation. (Molec-

ular Endocrinology 5: 424-432, 1991)
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INTRODUCTION

Circulating sex steroid hormones influence the activity

and development of hormone-sensitive neural circuitry

in the brain through interactions with specific saturable

receptors that are found in discrete populations of

neurons. Cells that express estrogen receptors are

particularly abundant in the arcuate (ARH) and ventro-

medial (VMH) nuclei of the rat hypothalamus (1-8), and

these nuclei are known to be critical components of the

neural circuitry controlling gonadotropin secretion and

copulatory behavior (9,10). The cellular basis for much

of estrogen's regulatory influence on reproductive func-

tion is generally thought to involve a ligand-mediated

activation of the receptor protein, which, in turn, acts

at the genomic level to alter the expression of specific

sets of genes that regulate neuronal function (11-15).

Thus, the estrogen receptor (ER) appears to function

as a ligand-activated transcription factor that regulates

the expression of genes encoding neurotransmitter

molecules (16-23), certain rate-limiting biosynthetic en-

zymes (24-27), or other regulatory proteins (28-32),

which mediate many of the effects of estrogens on

brain function.

Estrogen treatment has been shown to decrease

levels of ER immunoreactivity in both rat (Ref. 1; but

see also Ref. 6) and guinea pig brain (33-35), indicating

that cellular levels of the ER itself may be sensitive to

changes in levels of circulating sex steroids. In addition,

treatment of gonadectomized male and female rats with

sex steroids increases levels of estrogen binding in

nuclear extracts (36-39), although these findings are

generally thought to reflect translocation of the acti-

vated hormone-receptor complexes to the nuclear com-

partment (14) or hormone-induced changes in the affin-

ity of the receptor for chromatin and other nuclear

components (12,15).

That sex steroids exert regulatory effects on the

biosynthesis of the ER has been addressed in a variety

of tissues and cell lines. Estradiol (E2) decreases ER

protein and mRNA levels in MCF-7 cells (40-43), but

was found to either increase (42) or not affect (40) ER

expression in T47D breast cancer cells. Furthermore,
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androgens were also found to suppress ER protein and

mRNA levels in ZR-75-1 breast cancer cells (44). Al-

though E2 suppresses levels of ER mRNA in rat uterus,

it has the opposite effect in the liver and pituitary (45).

Thus, circulating sex steroids appear to exert both

tissue- and cell-specific regulatory influences on ER

biosynthesis.

The regulatory profile of ER gene expression in the

brain has not been established. Both the low abundance

of ER mRNA within individual neurons and the relatively

few cells that express the ER in any particular brain

region make it difficult to detect hormonally induced

changes in ER mRNA within discrete populations of

neurons by using conventional biochemical methods. In

the present study, in situ hybridization was used to

evaluate the influence of circulating sex steroids on ER

mRNA within cells of the arcuate nucleus (ARH) and

ventromedial nucleus (VMH) of the hypothalamus in

male and female rats. The results indicate that sex

steroids down-regulate ER gene expression in ARH

and VMH neurons and thereby influence the sensitivity

of cells in these two important neuroendocrine nuclei

to hormonal activation.

RESULTS

Heavily labeled ER mRNA-containing neurons were

found in the ARH, with very few labeled cells in the cell-

poor zone lateral to the nucleus (Fig. 1) (see Ref. 46 for

review of hypothalamic cytoarchitecture). The ventro-

lateral part of the ARH (VMHvl), which in Nissl-stained

material is characterized by its medium-sized darkly

stained cells, contained the greatest density of heavily

labeled ER mRNA-containing cells. At middle levels

through the ARH the distribution of these heavily la-

beled cells extended ventrolaterally beyond the mor-

phological borders of the nucleus toward the base of

the brain. The small-celled dorsomedial part of the ARH

contained fewer ER mRNA-containing neurons that had

only low to moderate densities of overlying silver grains.

Nearly all of the ER mRNA-containing cells found in the

VMH were localized to its ventrolateral subdivision

(VMHvl), and these cells were very heavily labeled. In

addition to the ER mRNA-containing neurons in the

VMHvl, several moderately labeled cells were found in

the adjacent part of the lateral hypothalamic area, lo-

cated lateral and dorsal to the VMH, but these cells

were not included in the quantitative analysis described

below.

Hormonal Regulation of ER mRNA

The possible regulation of ER mRNA levels in cells of

the ARH and VMHvl by circulating gonadal steroids

was evaluated in male and female rats. Two separate

experiments were carried out to, first, evaluate the

influence of E2 treatment on ER mRNA hybridization in

the ARH and VMHvl of female rats and, second, eval-

uate the influence of circulating testosterone (T) on ER

mRNA hybridization in the same cell groups of male

rats.

Females

Treatment of ovariectomized female rats with E2 ap-

peared to down-regulate levels of ER mRNA in the ARH

and VMHvl at all time intervals studied. ER mRNA

hybridization was decreased in the ARH by approxi-

mately 40% in ovariectomized animals treated with E2

for 24 h (Fig. 1) relative to that in ovariectomized animals

that received control pellets (CP) for 24 h and that in

intact estrous females (Fig. 2). ER mRNA hybridization

was also decreased in animals treated for 3 or 7 days

compared with either levels in intact or ovariectomized

control animals treated and processed in parallel, sug-

gesting that this suppression is maintained for at least

7 days. No significant differences in ER mRNA hybridi-

zation were found between the intact estrous females,

which had low plasma levels of E2 (~47 pg/ml), and the

CP-treated ovariectomized animals, in which plasma E2

was undetectable. Overall levels of ER mRNA hybridi-

zation appeared to be substantially greater in the

VMHvl, because signals were obtained over the VMHvl

with 4-day exposures that were comparable to those

Fig. 1. ER mRNA in the ARH and VMHvl

Darkfield photomicrographs that compare the distribution and intensity of labeling over the ARH and VMHvl in ovariectomized

female rats after 1 day of treatment with a control pellet (A) or E2 (B). Scale bar = 160 /xm.
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FEMALES: ARH FEMALES: VMHvl

MALES: ARH

OVX1+ OVX1+ OVX3+ OVX3+ OVX7+ OVX7+ INTACT

CP E2 CP E2 CP E2

ORCX1+ ORCX1+ ORCX3+ ORCX3+ ORCX7+ ORCX7+ INTACT

CP T CP T CP T

MALES: VMHvl

%A

OVX1+ OVX1+ OVX3+ OVX3+ OVX7+ OVX7+ INTACI
1

CP E2 CP E2 CP E2

ORCX1+ ORCX1+ ORCX3+ ORCX3+ ORCX7+ ORCX7+ INTACT

CP T CP T CP T

Fig. 2. Regulation of ER mRNA in the ARH and VMHvl

Comparison of hybridization signals for ER mRNA in the ARH and VMHvl of female (fop) and male (bottom) rats. Females were

intact (estrous) or were ovariectomized and treated with pellets of E2 (0.05 mg/pellet) or control pellets (CP) for 1, 3, or 7 days

before death. Intact male rats were compared with animals that were orchidectomized (ORCX) and treated with pellets of T or

control pellets (CP) for 1, 3, or 7 days before death. Bars represent mean percent absorbance values (±SEM) for each experimental

group. Solid bars indicate animals with relatively high, and hatched bars indicate animals with very low or undetectable, levels of

circulating sex steroid hormones, n = 4 for each experimental group.

obtained over the ARH after 8 days of exposure. ER
mRNA hybridization in the VMHvl was decreased by
approximately 40% after 24 h of E2 treatment compared
with that in intact females and decreased by 50%
relative to that in ovariectomized control animals that
received CP treatment for 24 h. Reduced levels of ER

mRNA hybridization were maintained with additional E2

treatment for up to 7 days. As was found in the ARH,
no significant differences were detected between levels
of ER mRNA hybridization in the VMHvl in intact females

relative to ovariectomized control animals (Fig. 2). The
density of silver grains overlying individual cells in the

emulsion-dipped material was consistently lower in an-
imals treated with E2 relative to that in intact or ovari-

ectomized control animals (Fig. 3, A and B).

Males

Treatment of orchidectomized male rats with T also

reduced levels of ER mRNA hybridization in the VMHvl,

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/m
e
n
d
/a

rtic
le

/5
/3

/4
2
4
/2

8
9
7
5
2
1

 b
y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



Regulation of ER mRNA in the Hypothalamus 427
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Fig. 3. Influence of Sex Steroids on Cellular Labeling for ER mRNA in the ARH

High power photomicrographs showing the relative intensity of labeling over cells in the ARH in an ovariectomized female rat

treated for 1 day with either a control pellet (0vx1 + CP; A) or E2 (0vx1 + E2; B) and over cells in the ARH of an orchidectomized

male rat treated for 3 days with either a control pellet (G3 + CP; C) or T (G3 + T; D). Scale bar = 20 ^m.

although the changes appeared to be less robust and

followed a different time course than that seen in fe-

males. Treatment of orchidectomized rats with T for 24

h did not result in noticeable changes in ER mRNA

levels in the VMHvl, but 3-day treatments decreased

ER mRNA hybridization signals over the VMHvl by

approximately 40% relative to those in gonadectomized

animals that received CP for 3 days. After an additional

4 days of T treatment the hybridization signals remained

lower than those of gonadectomized animals treated

with CP for the same period.

As was found for females, the density of silver grains

over ER mRNA-containing cells within the VMHvl in

dipped autoradiograms appeared to be decreased after

3 days of hormone treatment relative to that in control

animals processed in parallel, indicating that the

changes in ER mRNA hybridization detected on film are

due to fluctuations in cellular levels of specific message.

Relative to intact males, orchidectomy resulted in a

significant increase in ER mRNA hybridization only after

7 days. T-treated male rats had levels of ER mRNA

hybridization similar to those of intact males.

A comparable trend toward down-regulation by T

was seen for ER mRNA hybridization in the ARH, and

as was the case for VMHvl, the greatest apparent

decrease was found in animals treated with T for 3

days (Fig. 3, C and D). However, this decrease did not

achieve statistical significance, perhaps because of the

small sample size and relatively low levels of ER mRNA

hybridization detected in the ARH of males.

DISCUSSION

Our in situ hybridization data clearly indicate that cir-

culating sex steroids down-regulate ER mRNA in the

ARH and VMHvl of the rat brain. These findings are in

good agreement with previous immunohistochemical

results (Refs. 1 and 33-35; but see also Ref. 6) and

suggest further that hormonally induced changes in ER

levels may be due to regulation at the biosynthetic level.

E2 has been shown to down-regulate levels of both ER

mRNA and protein in MCF-7 cancer cells (40-43) as

well as in rat uterus (45). However, estrogen treatment

was reported to cause a significant increase in ER

mRNA in T47-D cells, similar to that found in rat liver

and pituitary (42, 45), suggesting that the influence of

E2 on ER gene expression is both cell and tissue

specific. Although the overall regulatory pattern was

similar for the ARH and the VMHvl, the percent change

observed for the VMHvl was somewhat less, possibly

because of what appeared to be a greater abundance

of ER mRNA in these neurons.

It is somewhat more difficult to correlate the present

findings with previous estrogen binding data. Treatment

of female rats with E2 increases [3H]E2 binding in brain

tissue, as determined by nuclear exchange assay (37-

39), which is consistent with increased levels of nuclear

binding detected during proestrus in cycling animals

(38). Similar results have been obtained for male rats

(36). These hormone-induced increases in estrogen

binding, however, are generally not interpreted to reflect
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an increase in cellular levels of the ER, but, rather,

indicate an increase in the number of receptors trans-

located to the nuclear compartment (14) or an increase

in the affinity of hormone-receptor complexes for chro-

matin and other nuclear components (12, 15). Thus,

estrogen not only activates available receptors through

specific binding, which increases the affinity of the

receptor for nuclear acceptor sites, but also appears to

cause a decrease in the biosynthesis of the receptor.

These two regulatory influences may, therefore, repre-

sent dual molecular levels at which sex steroids alter

the responsiveness of a target cell to hormonal modu-

lation.

The ARH and VMHvl both contain high densities of

cells that express the progesterone receptor (47), and

cells have been identified in the ARH and VMH of the

guinea pig brain that appear to cocontain ER and

progesterone receptor immunoreactivities (48, 49).

Thus, the possibility that the removal of progesterone

by ovariectomy may have influenced ER expression

cannot be ruled out. Progesterone appears to decrease

estrogen binding in the uterus (50, 51), but conflicting

results have been reported for the brain (52, 53), and

no significant changes have been observed in nuclear

ER immunostaining in the ARH and VMHvl after pro-

gesterone treatment (48). In addition, the progestin

R5020 partially blocked the inhibitory effects of E2 on

ER mRNA and protein in MCF-7 cells (42), indicating

that complex regulatory interactions may exist between

these two hormone receptors. Nevertheless, it appears

unlikely that the increases in ER mRNA within ARH and

VMHvl neurons observed in ovariectomized rats are

due solely to the removal of an inhibitory influence

mediated by the progesterone receptor.

In male rats, circulating sex steroids also appear to

down-regulate ER mRNA in the VMHvl, but with a

different time course than that observed in females.

Whereas in female rats a significant decrease in ER

mRNA was detected by 24 h of E2 treatment, com-

parable changes were not detected in male animals

until after 3 days of treatment with T. The interpretation

of this finding is complicated by the fact that T may be

converted to E2 by the enzyme aromatase (54). There-

fore, if E2 is the chief steroid responsible for suppressing

levels of ER mRNA, it follows that this suppression

would be attenuated in male animals, in which intraneu-

ronal T must first be converted to E2 before affecting

ER expression. Consistent with this interpretation, we

were unable to detect significant changes in ER mRNA

in the ARH, which has low aromatase activity (55).

Alternatively, since the VMHvl contains large numbers

of cells that contain androgen receptors (6, 7, 56), T

may affect ER mRNA levels through an androgen re-

ceptor-mediated mechanism that displays different ki-

netics. The nonaromatizable androgen dihydrotestos-

terone has been shown to down-regulate ER mRNA

and protein in ZR-75-1 cancer cells (44). This finding

raises the possibility that the inhibitory influence of T

treatment on ER mRNA in the VMHvl may be at least

partially mediated by the androgen receptor.

Although the observed difference in the time course

of ER regulation in male and female rats may be due to

differences in the actions of androgen and estrogen on

ER gene expression, it may also reflect a sex difference

in the responsiveness of neurons in the hypothalamus

to hormonal activation. For instance, the induction of

lordosis behavior by estrogen (57) and the stimulation

of progestin receptors (58) are both greater in female

rats than in males. Moreover, [3H]E2 binding to nuclear

chromatin is attenuated in male rats (59), which may

represent either a lower capacity for receptor binding

or a significant difference in nuclear factors that influ-

ence the affinity of the activated receptor for DNA.

Alternatively, our results may reflect a sexual dimorph-

ism in levels of ER expression within the ARH and

VMHvl. Although the present study was not designed

to address this question, we consistently found higher

levels of ER mRNA hybridization in female animals. This

finding is consistent with earlier histochemical obser-

vations (7) as well as the results of hormone binding

(58, 68) and autoradiographic studies (69).

In both male and female rats, the densities of silver

grains overlying individual cells in the emulsion-dipped

material were consistently lower in hormone-treated

animals than in gonadectomized controls, indicating

that the observed changes in ER mRNA hybridization

signals detected on the film autoradiograms are due to

changes in the cellular levels of ER mRNA. A recent

preliminary report of a 42% decrease in the density of

ER hybridization over individual neurons in the VMHvl

of female rats that occurs within 18 h after treatment

with E2 benzoate (60) supports this conclusion.

Taken together with the findings of earlier immuno-

histochemical studies, the present results suggest that

circulating E2 negatively autoregulates the biosynthesis

of its own receptor. However, at present, it is not known

whether ER biosynthesis in the ARH and VMHvl, as

inferred from mRNA levels, is primarily regulated at the

transcriptional or posttranscriptional level, since the

extremely low levels of ER mRNA in the hypothalamus

preclude direct measurements of gene transcription and

mRNA stability using current methodology. An estrogen

response element (11, 61-63) in the 5' flanking region

of the rat ER gene has yet to be identified, and estrogen

appears to act primarily at the posttranscriptional level

to suppress steady state levels of ER mRNA in MCF-7

cells, although in the same cells a transient suppression

of ER expression that followed a nearly 2-fold induction

of gene transcription was observed (43). In view of the

cell- and tissue-specific regulation demonstrated for the

ER, the possibility that estrogen treatment induces the

expression of a second frans-acting regulatory factor,

present in hypothalamic neurons that suppresses ER

gene expression also remains a viable explanation for

the observed down-regulation of ER mRNA in the ARH

and VMHvl.

The ARH and VMH are key components of a sexually

differentiated forebrain circuitry in the rat brain that has

been proposed to mediate many of the hormonal reg-

ulatory influences on reproductive function (46, 64, 65).
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The strong inputs to the ARH and VMHvl from other

forebrain regions that contain large numbers of ER-

containing neurons (64, 66) and observed changes in

estrogen binding in the medial basal hypothalamus after

deafferentation (67, 70) suggest that these two nuclei

may receive transneuronal regulatory influences as well

as direct hormonal feedback mediated by the ER. Thus,

negative autoregulation of ER gene expression may

represent an important molecular mechanism by which

estrogen modulates its functional impact on wide-

spread, but interconnected, hormone-sensitive circuits

involved in the control of neuroendocrine physiology

and behavior.

MATERIALS AND METHODS

Animals

Seven groups of female and seven groups of male adult
Sprague-Dawley rats were studied. The vaginal cycles of the
female rats were monitored daily between 0800-1100 h; only
those females exhibiting at least two consecutive 4-day cycles
were included in this study. In Exp I, intact female (estrous)
rats were perfused together with female rats that had been
ovariectomized and immediately given sc pellets (0.5 mg) of
17/8-estradiol (E2; Innovative Research of America, To-
ledo, OH) or a control pellet 1, 3, or 7 days before death (four
animals per group). In Exp II, intact male rats were perfused
together with male rats that had been orchidectomized and
immediately give sc pellets (25 mg) of T (Innovative Research
of America) or a control pellet 1, 3, or 7 days before death
(four animals per group). These experimental treatments pro-
vide rapidly achieved and constant supraphysiological doses
of hormone at each time point studied. They are designed to
optimize the detection of hormonal effects on ER gene regu-
lation in vivo and do not attempt to replicate a particular aspect
of the normal physiological state of intact animals.

Tissue Preparation

Each animal was deeply anesthetized with tribromoethanol,
and a 1 - to 2-ml blood sample was taken from the left jugular
vein immediately before perfusion. After a brief saline rinse,
each animal was perfused transcardially with ice-cold 4%
paraformaldehyde in 0.1 M borate buffer at pH 9.5, after which
the brains were quickly removed and postfixed overnight at 4
C in the same fixative containing 20% sucrose. The brains
were randomized and numerically coded before histological
processing. Twenty-micron thick frozen sections (at a fre-
quency of one in four) through the ARH and VMH of each
brain were collected in chilled 0.02 M potassium-PBS that
contained 0.25% paraformaldehyde (pH 7.4), and mounted
onto gelatin-subbed poly-L-lysine-coated microscope slides
from the same buffer, but lacking the paraformaldehyde. After
a 30-min proteinase-K digestion (10 ng/m\; 37 C) and acety-
lation (0.0025%; room temperature), the sections were dehy-
drated in ascending alcohols and dried under vacuum for at
least 2 h.

In Situ Hybridization

The hybridization protocol used in the present study essentially
follows that of Cox et al. (71). SP6 polymerase was used to
transcribe 35S-labeled antisense cRNA riboprobes from an
850-basepair (bp) Xbal-EcoRI fragment subcloned from the
full-length ER cDNA (72) generously supplied by Dr. Mura-
matsu of the University of Tokyo. The resulting riboprobe is

complimentary to the mRNA encoding the entire steroid-bind-
ing domain of the rat ER as well as to approximately 75 bp of
the 3' untranslated region (see Fig. 1 of Ref. 7). The radiola-
beled cRNA probe was purified by passing the transcription
reaction solution over a P60 column, and 12 200-/J fractions
were collected and counted using a scintillation counter. The
leading fraction (typically the fourth) was identified by its ex-
tremely high specific activity (1.5-4.3 x 106 dpm//ul). The
purified cRNA probe was heated at 65 C for 5 min with 500
Mg/ml yeast tRNA and 50 ^M dithiothreitol in water before
being diluted to an activity of 1.5 x 107 dpm/ml with hybridi-
zation buffer containing 50% formamide, 0.25 M sodium chlo-
ride, 1 x Denhardt's solution, and 10% dextran sulfate. This
hybridization solution was pipetted onto the sections (70 n\/
slide), covered with a glass coverslip, and sealed with DPX
(Gallard and Schleisenger, Carle Place, NY) before incubation
for 20 h at 60 C. This hybridization time was chosen because
we previously determined by RoT (RNA over time; see Ref.
71) analysis that under our hybridization conditions the ER
probe appears to saturate hybridizable ER mRNA by at least
18 h. After hybridization the slides were washed four times
(10 min each) in 4 x SSC before RNase digestion (20 Mg/ml;
30 min at 37 C), rinsed at room temperature in decreasing
concentrations of SSC that contained 1 mM dithiothreitol (DDT)
(2-, 1-, and 0.5-fold; 10 min each) to a final stringency of 0.1
x SSC at 75 C for 30 min. After dehydration in increasing
alcohols, the sections were exposed to DuPont Cronex x-ray
films (DuPont, Wilmington, DE) for 4 and 8 days before being
dipped in NTB-2 liquid emulsion. The dipped autoradiograms
were developed 14 days later with Kodak D-19 developer
(Eastman Kodak, Rochester, NY), and the sections were coun-
terstained with thionin through the emulsion.

Several control experiments were carried out to test the
specificity of both the hybridization method and the ER probe.
First, sections were incubated, as described above, with hy-
bridization solution containing 1.5 x 107 dpm/ml sense strand
(not complementary to ER mRNA) probe synthesized using
T7 polymerase to transcribe the coding strand of the DNA
insert. Second, hybridization was also attempted on sections
that had been pretreated with RNase (20 ^g/ml; 30 min at 37
C). Third, sections through the hypothalamus were incubated
overnight with an excess of unlabeled ER probe or unlabeled
probes for androgen and mineralocorticoid receptor mRNA (7,
73) and subsequently incubated with a similar concentration
of the labeled ER probe. Posthybridization treatments were
then carried out on these control sections, as described above,
to a final stringency of 0.1 x SSC at 75 C. In addition, the
thermal stability of the ER hybrids was assessed by taking
seven adjacent series of sections through the hypothalamus
that had been hybridized as described above and rinsing one
series each in 0.1 x SSC at 65, 75, 80, 85, 90, and 100 C (7).
Finally, the detailed distribution of ER mRNA-containing cells
throughout the brain was compared with that of mRNA-con-
taining cells labeled using probes directed toward 15 different
neuronal messages, including those encoding tyrosine hydrox-
ylase, preprocholecystokinin, preprotachykinin, and the andro-
gen, mineralocorticoid, and glucocorticoid receptors (7, 21,
26, 73).

Quantification of Autoradiograms

The integrated optical density of the autoradiographic images
on Cronex x-ray film was measured, as described previously
(74), using a Joyce-Loebl Magiscan image analysis system
(marketed by Nikon) with a graphics program developed by
Brittain (75). The film was illuminated with a ChromaPro 45
light source, which provided even illumination, and the image
was obtained with a VST Labs (Ann Arbor, Ml) model SC501
CCD camera.

The integrated optical density of the autoradiographic im-
ages on Cronex x-ray film over the ARH and VMHvl at the
same levels from each brain were measured. The integrated
optical density over five separate square areas surrounding
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the ARH and VMHvl that did not contain specific hybridization
were measured and used to calculate mean background levels,
which were subtracted from the integrated optical density
measurements of signals over the ARH and VMHvl. To facili-
tate comparisons between measurements, the integrated op-
tical density measurements were converted to percent ab-
sorbance (a scale from 0-100%). Autoradiographic standards
were prepared by thoroughly mixing brain paste (homogenized
fresh brain tissue plus 0.1 M Tris buffer) with varying amounts
of 35S-labeled UTP. The standard mixtures were added to
centrifuge tubes, frozen with powdered dry ice, and sectioned
at 20 jum. Sections from each of 12 standards (plus one blank
that lacked isotope) were mounted onto slides and stored
desiccated at -70 C. One series each of the standards was
exposed to the x-ray films along with experimental material.
The integrated optical density of an interactively defined region
over each standard was measured; these measurements con-
firmed the linearity of the film's responsiveness as well as the
consistency of signal detection across films (four films per
experiment). In order that the optical densities of the autora-
diographic images over the ARH and VMHvl were all within
the linear range of the standard values, measurements over
the ARH (males and females) were made from films exposed
for 8 days, as were those for the VMHvl in males, but 4-day
exposures were required for the VMHvl in female animals.

A two-way analysis of variance was used to test for signif-
icant differences in levels of ER mRNA hybridization among
the treatment groups in each experiment, and a post-hoc
Duncan's multiple range test was applied to identify significant
differences between individual treatment groups. P < 0.05 or
less was defined as significant.

Hormone Assays

Blood samples taken immediately before perfusion were col-
lected into precooled heparinized tubes. Plasma was sepa-
rated by centrifugation and stored at -20 C. Plasma levels of
E2 (females) were measured by RIA, as described previously
(76). Plasma levels of T (males) were measured in antibody-
coated tubes (Diagnostic Products Corp., Los Angeles, CA).
All samples for E2 and T were each run in a single assay, with
an intraassay variation of less than 4%, and the lower limits of
detection were 2 pg/ml and 0.2 ng/ml for E2 and T, respec-
tively.
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