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PREFACE

The role of gonadal hormones in the sexual differentiation of the
hypothalamus and in regulation of sexual behavior is well established.
During the past fifty years, many examples have been described which
show a direct interaction of gonadal steroids with the brain in the
regulation of pituitary gonadotrophin secretion and the stimulation
of sex-specific behavior. However, the nature of the interaction of
gonadal hormones with the brain has only recently been studied. As
documented in this volume there is now ample evidence of receptor
molecules for steroid hormones in the brain.

The early work of Glascock, Hoekstra, and others has demonstrated
the existence of cytoplasmic and nuclear steroid receptor proteins
which stereospecifically bind estradiol in the mammalian uterus.
Studies are in progress which should elucidate the properties of these
potential estrogen receptors, their interactions with steroid hormones
and the cell nucleus, and the role of their interactions in the utero-
trophic effects of estradiol. Several studies on uterine receptors are
included in this collection, because work in this tissue has provided
such an important model in the search for sex hormone receptors in
the brain.

Investigations of bram binding sites for estradiol have been among
the most fruitful efforts in the rapidly growing field of neuroendo-
crinology. The following papers illustrate various approaches to date.
Tissue uptake studies (involving measurement of incorporated radio-
activity in various brain regions following injection of tritiated es-
tradiol) by Eisenfeld, Axelrod, and others have pointed to the pres-
ence of limited capacity, stereospecific and regionally specific bind-
ing sites for estradiol in the female rat brain. Autoradiographic results
of Michael, Pfaff, and others have generally paralleled the biochemical
findings for cat as well as rat. Further studies by Zigmond and
McEwen showed that a major percentage of incorporated estradiol is
bound and retained by cell nuclei of the hypothalamus and preoptic
area. Other investigations have also revealed that soluble, cytoplasmic
macromolecules of hypothalamus and anterior pituitary stereospecif-
ically bind estradiol in vivo and in vitro, forming a slowly dissociating
complex, similar to the estradiol-cytoplasmic protein complex in the
uterus. This complex can be isolated by chromatography and by
density gradient centrifugation. Although the specific cellular func-
tions ofthe estradiol binding sites in the brain is unknown at present,
evidence found in these papers strongly indicates a direct role of the



hormone binding sites to regions responsive to implants of estrogens,
extreme specificity of binding for active estrogens, and finally pres-
ence of high affinity of binding sites in cell nuclei.

In contrast with these findings for estradiol, there is little informa-
tion about brain receptors for testosterone. McEwen et al. and
Resko observed that in vivo uptake of tritiated testosterone by the
adult brain had a distribution in the brain similar to patterns obtained
with labelled estradiol. Autoradiographic studies of Pfaff also demon-
strated selective retention of testosterone by limbic and hypothalamic
structures in the rat. The recent work of Zigmond et al., with ring
doves indicates concentration of testosterone by cell nuclei in the
hypothalamus.

Taken together, the studies in this volume provide firm evidence
that steroid hormone dependent control mechanisms in the brain in-
volve interaction of hormones with the cell nucleus, as is the case in
many other tissues. The role of variable nuclear gene activity in regu-
lating sex differences in behavior as well as other neural phenomena
remains to be determined.

Linda Plapinger
January, 1973
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Factors Affecting Uptake of Estradiol-6,7-°H by the

Hypophysis and Hypothalamus

JUNZO KATO anp CLAUDE A. VILLEE

REVIOUS experiments in this labora-

tory (1) had demonstrated the pref-
erential uptake of estradiol by the anterior
hypothalamus based upon its accumulation
and retention with little or no metabolic
conversion. These findings confirmed and
extended the reports of accumulation of
estradiol in the hypothalamus (2) and
suggested the presence in the anterior
hypothalamus of specific binding sites for
estradiol similar to those in the uterus and
vagina found by other investigators (2-6).
The specificity of the action of estradiol in
those tissues has been attributed to these
specific binding sites (6) and a relation-
ship between the uptake of estradiol and
estrogenic activity has been reported by
Terenius (7).

The present study was undertaken to
define further the capacity and structural
specificity of the sites for the binding of
estradiol in the anterior hypothalamus and
the anterior hypophysis.

10

Materials and Methods

Adult ovariectomized rats weighing 230-250
g supplied by the Charles River Breeding
Laboratory, Wilmington, Mass., were used 8 or
9 days after the operation. Vaginal smears were
examined to establish diestrus. Rats were ex-
amined after sacrifice to make sure that ovariec-
tomy had been complete.

The animals were fasted 12 hr, then injected
intraperitoneally with 0.3 pg of 173-estradiol-*H
with or without added unlabeled 173-estradiol
in 0.5 ml of physiological saline containing 109,
ethanol. The animals were killed by decapita-
tion 1 hr later.

Dissection of the Brain. The entire brain was re-
moved as rapidly as possible and freed of blood
vessels. The blood vessels surrounding the
hypothalamic area on the base of the brain were
dissected away and blood adhering to the sur-
face of the hypothalamus was blotted with
filter paper. The entire hypothalamus was cut
out as a block limited anteriorly by the optic
chiasma, laterally by the hypothalamic fissures,
and posteriorly by the mammillary body. The
block was 2 ml deep from the basal surface of
the hypothalamus. The median eminence was
resected, the hypothalamus was divided into
anterior, middle and posterior sections as de-
scribed previously (1), and the tissues were
weighed on an analytical balance. The remain-
ing parts of the brain were washed several times



TasLe 1. Distribution of radioactivity in rat brain and hypophysis after the injection of tritiated
estradiol with increasing amounts of nonradioactive estradiol

Total estradiol injected, pg

Tissue
0.3 0.9 1.8 4.0 8.0

Anterior P Tttt tHit |

hypothalamus 729 +9.4 (5) 54.5 4.3 (6} 46.8 +3.4 (6) 30.9 +1.7 (5) 21.0 £2.3 (5)
Mic{dle TTET it

hypothalamus 40.9 ~3.1 (5) 45.1 +6.2 (61 35.5 +5.7 (6) 23.0 £2.8 (5) 17.3 +2.0 (5)
Posterior 1 tHEt

hypothalamus 32.6 +1.1 (5, 36.3 £3.7 (5) 31.2 +3.4 (6) 21.9 +3.4 (5) 17.3 +2.6 (5)
Median eminence 117.2 128.0 116.1 448 31.2
Anterior i Tttt

hypophysis 4722 -89.4 15 456.1 ~72.4 (6) 376.9 +36.3 (6) 249.2 +13.9 (5) 136.8+59 (5)
Posterior

hypophysis 43.1 66.1 62.2 21.6 19.6
Cerebral cortex 17.6 +2.3 (5. 17.9 +2.8 (6) 16.2 = 1.7 (61 13.3 +2.3 (5 }(}19 +1.7 (5)
Cerebellum 20.4 = 1.7 15 22,4 +3.4 (6) 19.3 =2.3 (6 16.5 =3.1 (5) 133 +1.7 (5)

0.3 ug of estradiol-6.7-'H (specific activily 42 ¢/mmole; was injected intraperitoneally into adult
ovariectomized rats together with increasing amounts of nonradioactive estradiol. The animals were
killed 1 hr after the injection. The values given in the table represent mean dpm/mg wet weight +stan-
dard error. The number of animals in the experimental group is given in parentheses. The values for
median eminence and posterior hypophysis were obtained from pooled tissues.

+p<.05; 1 p<.025: 777 p<.0l: and #¥17 p<
the first column.

in ice cold physiological saline and blotted with
filter paper. Cortical tissue was excised from the
frontal and parietal lobes of the brain, and the
left half of the cerebellum was taken for analy-
sis. The anterior and posterior hypophyses were
separated. The median eminence from 2 or 3
rats and the posterior hypophyses from 2 or 3
rats were pooled for extraction.

Extraction of Radioactivity. Each tissue was
homogenized in 5 ml of ethanol:acetone 1:1
(v,'v) in a glass homogenizer and extracted 5
times with 5 ml of the same solvent. The ex-
tracts were pooled and dried in scintillation
vials at temperatures kept below 55 C.

Chemicals. All solvents were redistilled before
use. Estradiol-6,7-‘H (specific activity 42 ¢’
mmole) was obtained from New England Nu-
clear Corporation and tested for impurities by
thin-layer chromotagraphy in 3 different sys-
tems. 173-Estradiol was supplied by Sigma
Chemical and 17a-estradiol (melting point 221
223 C) was supplied by Mann Research labo-
ratories, New York.

Measurement of Radioactivity. Tritium was
measured in a Pa. kard Model 3324 Scintillation
Counter using as scintillation fluid a solution
containing 4 g of 2,5-diphenyloxazole and 0.04 g
of 1,4-bis-2(4-methyl-5-phenyloxazolyl) ben-
zene in 1 liter of toluene ethanol 98:2(v 'v).
Enough counts were accumulated to reduce the

.005. compared with the respective control values of

probable error of counting to less than 19,. No
significant quenching occurred in these samples
as determined by the use of internal tritiated
toluene standards. The radioactivity remaining
in the residue of the brain and hypophysis was
less than 1¢; of the initial radioactivity of the
tissue.

Results

To determine whether the tissues of the
brain and hypophysis have a limited capac-
ity for the uptake of estradiol, 0.3 ug of
tritiated estradiol was injected intraperi-
toneally together with unlabeled estradiol
to give a total of 0.3, 0.9, 1.8, 4.0, or 8.0
ug- One hour after injection the animals
were killed and tissues were removed for
the measurement of radioactivity. No
significant difference was found in the con-
centration of radioactivity in the cerebral
cortex at any of these doses; in contrast,
amounts of estradiol greater than 1.8 ug
depressed the amount of radioactivity in
the anterior hypothalamus (Table 1). A
dose of 4 ug or more decreased the uptake
of labeled estradiol in other parts of the
hypothalamus and the anterior hypophysis.
The uptake of estradiol in the median

11



eminence and posterior hypophysis was
slightly depressed when the amount of
estradiol injected exceeded 4 ug; the uptake
in the cerebellum was depressed only when
the dosage exceeded 8 ug.

From the amount of radioactivity taken
up by each tissue and the specific activity
of the estradiol administered, it was pos-
sible to estimate the total amount of estra-
diol taken up per mg of tissue at each dose.
This was expressed as a ratio of the amount
taken up at the lowest dosage (0.3 ug), and
plotted (Fig. 1) as a function of the total
dose of estradiol administered. The amount
of estradiol taken up by the anterior hypo-
thalamus and anterior hypophysis reached
a plateau within the range of estradiol
doses administered in these experiments.
In contrast, the amount taken up by the
cerebral cortex and cerebellum showed a
simple dose dependent increase in the
amount taken up over the entire range.
These results indicate a limited capacity
for the binding of estradiol at receptor sites
in the anterior hypothalamus and anterior
hypophysis but no such limited capacity in
the cerebellum or cerebral cortex.

In another series of experiments, rats
were injected subcutaneously with varying
amounts of unlabeled estradiol three hours
before the injection of 0.3 ug of tritiated
estradiol. The tritiated estradiol was in-
jected intraperitoneally, the animals were
killed one hour later, and the concentration
of radioactivity in the brain and pituitary
was measured (Table 2). Pretreatment
with 0.1 ug of estradiol had no significant
effect on the uptake of estradiol by the
anterior or posterior hypothalamus but
did decrease the uptake in the middle hypo-
thalamus. Pretreatment with 1 ug or more
of unlabeled estradiol greatly decreased
the concentration of radioa:tivity in all
parts of the hypothalamus. The uptake of
estradiol by the anterior hypophysis, like
that of the anterior hypothalamus, was
decreased by pretreatment with 1 ug or
more of unlabeled estradiol. In these tissues
increasing doses of estradiol led to a greater

—

Estradiol taken up by tissues

T T T
03 9 1.8 4.0 8.0

Estradiol injected, ug

Fic. 1. Uptake of estradiol by regions of the brain
and hypophysis as a function of the amount of
estradiol injected. Adult ovariectomized rats were
injected with 0.3 ug of 173-estradiol-6,7-'H, specific
activity 42 ¢/mmole, plus varying amounts of un-
labeled estradiol, and were killed 1 hr later. The
amount of estradiol taken up by the tissue was
calculated from its content of radioactive estradiol
and the specific activity of the estradiol adminis-
tered. The amount of estradiol taken up when 0.3
ug of estradiol was injected was taken as unity and
the amounts taken up when larger amounts were
injected are expressed in relation to this value, so
that the several tissues may be compared on the
same scale. O =Anterior hypothalamus; © =mid-
dle hypothalamus; @ =posterior hypothalamus;
x =anterior hypophysis; A =cerebral cortex; A =
cerebellum.

depression in the concentration of radio-
activity.

A third series of experiments attempted
to determine whether estradiol taken up
by the hypothalamus and hypophysis
could be removed by a second injection of
nonradioactive estradiol. Ten ug of estra-
diol dissolved in 0.5 ml of 109, ethanol-
saline was injected intraperitoneally into
rats 30 minutes after the intraperitoneal
administration of tritiated estradiol. Rats
were killed 30 minutes after the last injec-
tion and tissues were dissected out for
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