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Abstract 

Sexual maturation and differentiation of the rat brain are 
believed to result from the interaction of gonadal steroids 
with specific neural receptors during late fetal and early 
postnatal life. A variety of evidence indicates that the first 
appearance of estrogen receptors in the hypothalamus- 
preoptic area (HPOA) during the perinatal period is a crucial 
evident underlying these processes. However, it is unknown 
to what extent the ontogeny of estrogen receptors is itself 
influenced by gonadal steroids present in the fetal environ- 
ment. In order to address this question, estrogen receptors 
were assayed in HPOA 8 weeks after transplantation of the 
tissue from embryonic day 15 to 18 fetuses to either the 
choroidal pia overlying the superior colliculus or to the ante- 
rior chamber of the eye of adult female hosts. Host animals 
were either intact or ovariectomized and adrenalectomized, 
with or without estrogen replacement. 

The saturable binding of estradiol to cytosol of HPOA 
transplants exhibited the steroid specificity and high affinity 
characteristic of authentic estrogen receptors. No differ- 
ences in the level of cytosol estrogen receptors in trans- 
planted HPOA grown in the presence or absence of gonadal 
steroids were found. Receptor concentrations were also sim- 
ilar in HPOA taken from male or female fetuses. Autoradiog- 
raphy with [3H]estradiol revealed clusters of estrophilic cells 
in the transplants similar to those of the adult host hypothal- 
amus, again regardless of whether the transplant developed 
in the presence of gonadal steroids. Estrogen receptors from 
both groups were also found to be biochemically functional 
as indicated by the ability of acute estrogen treatment to 
induce progestin receptors in the transplants. 

These data indicate that estrogen receptors develop in the 
HPOA of both sexes independently of the gonadal steroid 
environment. This finding suggests that the capacity for 
responding to gonadal steroids is inherent in the developing 
HPOA, consistent with the hypothesis that fetal testicular 
secretions activate a pre-existing neural mechanism to in- 
duce sexual differentiation of the brain. 

The sexual differentiation of the rodent brain depends upon its 
ability to respond to estrogens during the late fetal and early 
postnatal period. Although androgen secretion by the developing 
testes results in both defeminization (decreased propensity for 
female sexual behavior and induction of acyclic gonadotropin secre- 
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tion) and masculinization (increased propensity for male sexual and 
aggressive behaviors) of the male brain (Beach, 1975) several lines 
of evidence suggest that androgens must first be converted to 
estrogens in order for complete sexual differentiation to occur. 
Enzymatic conversion of androgens to estrogens (aromatization) by 
fetal and neonatal rat brain has been demonstrated both in vitro 
(Reddy et al., 1974; Weisz et al., 1982) and in vivo (Weisz and 
Gibbs, 1974; Lieberburg and McEwen, 1975). indeed, the highest 
levels of neural aromatase activity at any period of life are found in 
the preoptic area at embryonic day 19 (El9) (George and Ojeda, 
1982; Weisz et al., 1982). Implants of either estrogens or aromatiz- 
able androgens directly into the neonatal brain are capable of 
inducing sexual differentiation (Christensen and Gorski, 1978) 
whereas androgens such as dihydrotestosterone, which cannot be 
aromatized, are much less effective (Plapinger and McEwen, 1978). 
Finally, treatment with either inhibitors of aromatization (Booth, 1977; 
McEwen et al., 1977; Vreeburg et al., 1977) or an estrogen receptor 
antagonist (McEwen et al., 1979) blocks the defeminizing effects of 
androgens in newborn rats. Thus, occupation of neural estrogen 
receptors by aromatized androgens is thought to play an essential 
role in brain sexual differentiation. 

The ontogeny of neural estrogen receptors is also consistent with 
their involvement in sexual differentiation. Estrogen receptors are 
first detected in the fetal hypothalamus-preoptic area (HPOA) and 
amygdala during the last week of pregnancy, between El5 (Vito 
and Fox, 1982) and E21 (MacLusky et al., 1979a). Although there is 
disagreement over the precise age of their first appearance, it is 
clear that the number of receptors in limbic structures increases 
dramatically from E21 throughout the first postnatal week (MacLusky 
et al., 1979a), coinciding with the critical period for defeminization 
(Barraclough and Gorski, 1962). Furthermore, significant numbers 
of receptors are found translocated into cell nuclei in limbic tissues 
of male rats as early as E21 (MacLusky et al., 1979a). Translocated 
receptor complexes are 5-fold lower in female embryos at this age, 
and this sex difference is consistent with the hypothesis that aro- 
matization of circulating androgens is the principal source of estro- 
gens occupying neural receptors in the perinatal period. 

These findings indicate that knowledge of the factors which 
influence the first appearance of neural estrogen receptors is re- 
quired for a thorough understanding of brain sexual maturation and 
differentiation. The present study was undertaken to determine 
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Figure 7, Cytosol estrogen receptors in El 7-18 HPOA transplants grown on the choroidal pia of gonadally intact, ovariectomized-adrenalectomized (OVX- 
ADX), or ovanectomized-adrenalectomized plus estrogen replaced (OVX-AOX + E2) female hosts. Transplants were performed and receptor binding was 
determined 8 weeks later as described under “Materials and Methods.” A one-factor analysis of variance revealed that receptor levels were not affected by 
either the endocrine status of the host (F = 0.60; df = 2/24, p = 0.56). There was also no difference between overall levels from male versus female donors 
(see “Results”) 

TABLE I TABLE II 

Cytosol estrogen receptors in E 15-16 HPOA transplants 
Cytosol estrogen receptor binding in El 5-16 HPOA transplants grown on 

the choroidal pia of intact or ovariectomlzed-adrenalectomized (OVX-ADX) 
female hosts IS shown. Transplants were performed and receptor binding 

was determined 8 weeks later as described under “Materials and Methods.” 
There was no effect of host endocrine status on receptor levels expressed 
in either manner as determined by Student’s t test, two-tailed (femtomoles/ 

mg of protein, t = 0.96, df = 10; femtomoles/transplant, t = 0.52, df = 10). 

Comparison of cytosol estrogen receptors in E 15-l 6 versus E 17-l 8 HFWA 

transplants 
Cytosol estrogen receptor bindlng IS compared in E15-16 and E17-18 

HPOA transplants grown on the choroidal pia of adult female hosts. Trans- 
plants were performed and receptor binding was determined 8 weeks later 
as described under “Materials and Methods.” Values from all different host 

groups were pooled for comparison of fetal ages. Values are mean 2 SEM. 

Estrogen Receptor Blnding 
Transplant Donor Age 

Host 
Estrogen Receptor Binding 

Femtomoleslmq of protein N Femtomoles/transplant 

Intact female 1.30 + 0.27” 7 1.26 f 0.35 

OVX-ADX female 2.03 + 0.71 5 1.60 f 0.55 

a Values are mean +- SEM 

whether the development of estrogen receptors in the fetal HPOA is 
dependent upon the presence of gonadal steroids, particularly 
estrogens themselves. Fetal brain is exposed to a complex variety 
of steroid hormones, produced by maternal as well as fetal glands 
(Milkovic et al., 1973; Chatelain et al., 1980; Weisz and Ward, 1980). 
It is therefore necessary to remove embryonic brain tissue from the 
fetus in order for it to mature in a controlled hormonal environment. 
We have shown previously that fetal rat HPOA will survive and 
differentiate following transplantation to a site prepared on the 
choroidal pia of adult hosts and that cells in the transplanted tissue 
develop the capacity to sequester [3H]estradiol (Stenevi et al., 1980). 
In the present study we have used the fetal transplant technique to 
investigate the influence of gonadal steroids on the development of 
specific estrogen and progestin receptors in the HPOA of the rat. 

Femtomoles/mg of protein N Femtomoles/transplant 

E15-16 1.60 + 0.34” 12 1.40 + 0.30b 
E17-18 4.41 + 0.47 27 1.61 + 0.20 

a Mean estrogen levels are significantly lower in E15-16 transplants when 
expressed as femtomoles/mg of protein (t = 4.84, df = 37, p < 0.01). 

b There is no difference between mean levels in E15-16 and E17-18 

transplants, however, when expressed as femtomoles/transplant (t = 0.58, 
df = 37, not significant). 

Materials and Methods 

Animals. Sprague-Dawley-derived albino CD rats were purchased from 
Charles River Breeding Laboratories (Wilmington, MA) or bred in our colony 
from Charles River stock. The entire medial and periventricular HPOA was 
dissected from embryos of crown-rump length 15 to 24 mm (El5 to E18. 
counting the day the vaginal plug was found as day 1) and transplanted 
onto the vessel-rich pia overlying the superior colliculus of adult hosts as 
described previously (Stenevi et al., 1976, 1980). Fetal sexes were deter- 
mined in day 17 and 18 embryos by examination of the gonads under a 
dissecting microscope. In some cases transplants were made into the 
anterior chamber of the eye as described elsewhere (Olson and Malmfors, 
1970). Hosts were (a) intact female rats of 160 to 250 gm body weight at 
the time of transplantation, or (b) ovariectomized and adrenalectomized 
(OVX-ADX) at least 72 hr before transplantation, or (c) OVX-ADX and 
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Figure 2. Steroid specificity of radiolabeled estradiol binding to cytosol 
receptors from E17-18 HPOA transplants. Transplants onto the choroidal pia 
were performed and receptor binding was determined 8 weeks later as 
described under “Materials and Methods.” Unlabeled estradiol (E2), proges- 
terone (P), testosterone (T), or corticosterone (i3) were added to the Incu- 
batlon medium in a 300.fold molar excess compared to the radtolabeled 
estradiol. Only unlabeled estradiol was effective in reducing binding, as is 
characteristic of authentic estrogen receptors. Each point is the mean of two 
separate experiments. 

implanted subcutaneously with a 1 -cm Silastic capsule of pure estradiol. All 
OVX-ADX animals were implanted with a 100.mg pellet of fused 5050 
corticosterone:cholesterol at the time of adrenalectomy. 

Estrogen and progestin receptor assays. Estradiol SIlastics were removed 
4 weeks following transplantation, and host animals were killed by decapl- 
tation 8 weeks after transplantation. Intact animals used in steroid receptor 
assays were ovariectomized at least 48 hr before death. Transplants assayed 
for estrogen or progestln receptors were dissected from the host brain or 
eye on an ice-cold glass plate. Cytosol estrogen receptors were assayed as 
described previously (MacLusky et al., 1979b) with minor modifications. In 
initial studies, two to six transplants from same-sex fetuses were pooled for 
each assay point using [6,7-3H]estradiol 17fi (55 Ci/mmol; New England 
Nuclear, Boston, MA) as the ligand. The availability of 16a-[‘251]-3-estradlol 
17/3 (initial specific activity, 1611 Ci/mmol; New England Nuclear) made it 
possible to measure receptor levels in cytosol prepared from only one or 
two transplants in later experiments. The specific activity of [“‘l]estradiol was 
corrected for both radiodecay and radio-induced chemical decomposition 
prior to each assay. Cytosol progestin receptors were measured as described 
previously (MacLusky and McEwen, 1980a) using the synthetic progestin 
1 7a-[methy/-3H]R5020 (promegestrone; 56 Ci/mmol; New England Nuclear). 
Estrogen-induced progestin receptors were measured in transplant cytosol 
from hosts given subcutaneous injections of 10 pg of estradiol benzoate in 
sesame oil 72 and 48 hr before sacrifice. Total cytosol protein was determined 
by the method of Bradford (1976). 

Estradiol autoradiography. Autoradiography of [3H]estradiol concentrated 
in viva by estrophilic cells in transplants and host hypothalamus was per- 
formed as described previously (Stenevi et al., 1980) in OVX-ADX hosts and 
intact hosts. The latter were ovariectomized at least 48 hr before injection of 
100 PCi of [3H]estradiol into the tail vein. 

Materials. Steroids (testosterone, estradiol, progesterone, and corticoster- 
one) were obtained from Steraloids (Wilton, NH) and used without further 
punficatlon. Medical grade Silastic tubing was obtained from Dow Corning 

K,: 0.26 nM 

Bmax= 7.12 femtomoleslmg 
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Figure 3. Equilibrium binding characteristics of cytosol estrogen recep- 
tors from El 7-18 HPOA transplants. Transplants onto the choroidal pia were 
performed and receptor binding was determined 8 weeks later as described 
under “Materials and Methods.” [‘zSI]Estradiol concentrations were varied 
from 0.078 to 0.341 nM, and the specific cytosol receptor binding (duplicate 
determinations) versus ligand concentration was expressed as a Scatchard 
plot. Linear regression analysts gave an estimated equilibrium dissociation 
constant (K,) of 0.26 nM, comparable to that of estrogen receptors in the 
adult HPOA. 

Corp. (Midland, MI). All other materials were reagent grade, and distilled- 
deionized water was used throughout. 

Results 

Levels of cytosol estrogen receptors in transplanted HFOA 

Effect of host endocrine status and fetal donor sex. Figure 1 
shows the levels of saturable estrogen receptor binding in cytosol 
of 8-week HPOA transplants taken from El 7-I 8 fetuses. Adult host 
animals were either intact females, OVX-ADX, or OVX-ADX implanted 
with estradiol Silastics during the first 4 weeks following transplan- 
tation. Estrogen receptor levels in transplant cytosol were not af- 
fected by these manipulations of the endocrine status of the host. 
In some experiments cytosol from transplants of same-sex donors 
was pooled prior to assay, whereas in others the limited amount of 
tissue available necessitated mixing cytosol from different sexes. 
Measurable cytosol estrogen receptors were found in all cases. 
Although the number of same-sex determinations within each group 
is insufficient for statistical analysis of treatment by donor sex 
interactions, no obvious differences between the sexes within the 
OVX-ADX and intact host groups are apparent. The seemingly 
greater male level in the OVX-ADX + EP group is due to a single 
high value, resulting in a large SEM for this group. Average levels of 
cytosol estrogen receptors are not different in transplants from male 
versus female donors when values are pooled across host treatment 
groups (males, 5.29 + 0.87 fmol/mg of protein, n = 10; females, 
4.27 rt 0.48, n = 9: Student’s t = 1 .17, df = 17, not significant). 

Effect of fetal donor age and site of transplantation. In order to 
determine whether the development of HPOA estrogen receptors 
might be dependent upon exposure to ovarian steroids prior to El 7- 
18, a series of transplants using El516 fetuses as donors was 
made into intact or OVX-ADX hosts. In this case fetal sexes were 
not determined. As shown in Table I, again there was no difference 
in levels of cytosol estrogen receptors between transplants grown 
in the presence or absence of gonadal steroids. However, overall 
estrogen receptor levels were found to be significantly lower in 
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Figure 4. Autoradiograms of in vivo [3H]estradrol accumulatron tn E17-18 HPOA transplants and adult host hypothalamus from chronrc OVX-ADX hosts, 
A to D, Representatrve autoradrograms from four different HPOA transplants showing both scattered and clustered estrophilrc cells, presumably neurons. 
Transplants were made onto the chorordal pra of OVX-ADX adult female hosts and [3H]estradrol autoradrography was performed 8 weeks later as described 
under “Materials and Methods.” Estrophilic cells were observed rn all transplants examrned, and the range of dens&es of labeled cells appears comparable 
to that observed in the hypothalamus of the host animals (see below). In addition, there IS no apparent difference In the denstty or overall pattern of labeling 
in transplants from OVX-ADX hosts versus those grown in gonadally intact hosts (see Fig. 5). E and F, Autoradiograms of estrophilic cells in the arcuate (ar) 
and ventromedral (vm) hypothalamic nucler of 2 OVX-ADX host females showrng the range from lrghtest (E) to heaviest (F) labeling observed in these 
experiments. 111, third ventricle. All mrcrographs are to the same scale; bar = 200 pm. 
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figure 5. Autoradiograms of m wvo [3H]estradrol accumulatron In El 7-18 HPOA transplants and adult host hypothalamus from gonadally intact female 
hosts. A and B, Representatrve autoradrograms from two different HPOA transplants showing both scattered and clustered estrophrlrc cells, presumably 
neurons Transplants were made onto the choroidal pra of intact adult female hosts and [3H]estradiol autoradiography was performed 8 weeks later as 
described under “Materials and Methods” (hosts were ovanectomized 48 hr before [3H]estradiol injection). Estrophilrc cells were observed in all transplants 
examined, and ttle range of densrtres of labeled cells appears comparable to that observed in the hypothalamus of the host animals (see below). Srmrlar 
findings in HPOA transplants from gonadally intact hosts were reported previously (Stenevi et al., 1980). C and D, Representative autoradiograms showing 
estrophilrc cells in the arcuate (ar) and ventromedial (vm) nuclei of two intact female hosts (ovanectomrzed 48 hr before [3H]estradiol injectron). 111, third 
ventricle. All micrographs are to the same scale; bar = 200 pm. 

transplants from El516 fetuses than in those from El 7-I 8 fetuses 
when expressed on a per milligram total cytosol protein basis (Table 
II). Transplants from El516 donors were generally larger than E17- 
18 transplants, suggesting that the apparent difference in receptor 
levels might be due to a greater total protein level in the El516 
cytosol pools. Therefore, estrogen receptor concentrations were 
recalculated on a per transplant basis. As shown in Table II, there is 
no difference between cytosol estrogen receptor levels from El5 
16 versus El 7-18 fetuses when expressed in this manner. 

In a few experiments fetal HPOA was transplanted into the anterior 
chamber of the eye of intact female hosts. Fetal ages ranged from 
El 7 to E21, and tissue from both sexes was pooled. In all cases 
measurable levels of cytosol estrogen receptors were observed 8 
weeks after transplantation. The mean cytosol estrogen receptor 
level (6.03 + 1.82 fmol/mg of protein, n = 5) was not statistically 
different from that of E17-18 transplants grown on the choroidal pia 
(Table II; Student’s t = 0.86, df = 30, not significant). 

Characterization of cytosol estrogen receptors in 
transplanted HFOA 

Steroid specificity. Specificity of radiolabeled estradiol binding to 
transplant cytosol receptors was determined by adding a 300-fold 
molar excess of unlabeled progesterone, corticosterone, testoster- 
one, or estradiol to the incubation medium. As shown rn Figure 2, 
only estradiol was effective in reducing binding, as is characteristic 
of authentic estrogen receptors. 

Scatchard analysis. Equilibrium binding characteristics of trans- 
plant cytosol receptors were investigated by varying the concentra- 
tion of [‘251]estradiol in the incubation medium. Although the small 
amount of tissue available severely limited the number of points 
which could be determined, it was possible to sample four estradiol 
concentrations from 0.078 to 0.341 nM. Figure 3 shows that the data 
could be fit reasonably well by linear regression (r = -0.92), giving 
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Figure 6. Estrogenic induction of cytosol progestin receptors in El 7-18 
HPOA transplants. Host animals received two injections of either 10 pg of 
estradiol benzoate (EB) or sesame oil vehicle (Oil control) 72 and 48 hr 
before death, 8 weeks after transplantation. Transplants onto the choroidal 
pia were performed and progestin receptor binding was determined as 
described under “Materials and Methods.” Shown are the results of four 
separate experiments using transplants grown in gonadally intact or ovari- 
ectomized-adrenalectomized (OVX-ADX) host females. In one case, trans- 
plants from both groups were pooled to obtain sufficient tissue for the assay. 
Induction of progestin receptors by estradiol benzoate is apparent In each 
case, indicating that estrogen receptors are functionally mature in 8-week 
HPOA transplants whether or not the tissue has been previously exposed to 
gonadal steroids during development. The average induced level of progestin 
receptor binding is statistically greater than that of controls when data from 
all four experiments are pooled (t = 2.11, df = 6, p < 0.05; Student’s t, one- 
tailed). 

an estimated equilibrium dissociation constant of Kd = 0.26 nM and 
maximum binding of B,, = 7.12 fmol/mg of cytosol protein. 

Autoradiography of estrophilic neurons in transplanted HPOA 

Neurons which contain estrogen receptors may be visualized 
autoradiographically because of their ability to sequester [3H]estra- 
diol in viva. Figures 4 and 5 show representative autoradiograms of 
El 7-18 HPOA transplants and host hypothalamus from chronic OVX- 
ADX and gonadally intact hosts, respectively, prepared following 
intravenous injection of [3H]estradiol. Estrophilic cells are present in 
transplants from both intact and OVX-ADX hosts, and there are no 
apparent differences in the general pattern of labeling of cells in 
transplants from the two groups. Although nuclear cell groups cannot 
be recognized within the transplants, labeled cells frequently occur 
in clusters similar to those found in the host arcuate and ventromedial 
nuclei (Figs. 4 and 5). It is reasonable to assume that these labeled 
cells are neurons. The neuronal nature of numerous estradiol-con- 
centrating cells throughout the HPOA has been demonstrated by 
both retrograde tracing of their axonal projections and by immuno- 
cytochemical determination of their peptide content (Morrell et al., 

1984). Furthermore, in viva concentration of [3H]estradiol by glial 
cells has not been reported. 

Estrogenic induction of progestin receptors in transplanted HPOA 

Induction of hypothalamic progestin receptors following estrogen 
treatment is first observed at 2 weeks of age in the rat (MacLusky 
and McEwen, 1980b), and this phenomenon has been shown to be 
mediated by estrogen receptors (Roy et al., 1979). In order to 
determine whether the estrogen receptor system in transplanted 
HPOA is sufficiently mature to exhibit this capability, host animals 
were given two injections of either 10 pg of estradiol benzoate or 
sesame oil vehicle 72 and 48 hr before death (8 weeks after 
transplantation). As shown in Figure 6, induction of progestin recep- 
tors occurred in each of four experiments and was apparent in 
transplants from both intact and OVX-ADX hosts. 

Discussion 

These data are consistent with the conclusion that functional 
estrogen receptors develop in the HPOA independently of the steroid 
environment. Levels of cytosol receptors in mature HPOA transplants 
were not altered by growing the tissue under gonadal steroid-free 
conditions in OVX-ADX hosts from day 15 to 16 of gestation onward. 
Similarly, continuous exposure to estradiol for the first 4 weeks 
following transplantation did not affect receptor levels. These find- 
ings are consistent with previous studies where no change in limbic 
estrogen receptors was observed at postnatal day 22 following 
ovariectomy or testosterone treatment of 3-day-old neonates 
(MacLusky et al., 1979b), and with the report that neonatal ovariec- 
tomy failed to alter the maturation of uterine estrogen receptors 
(Clark and Gorski, 1970). The use of fetal transplantation has made 
it possible to extend the conclusions based on neonatal treatments 
to the prenatal steroid environment. Thus, it appears that the marked 
increase in levels of estrogen receptors in the HPOA following their 
initial detection between El5 and E21 (MacLusky et al., 1979a; Vito 
and Fox, 1982) occurs without significant modulation by gonadal 
steroids. However, our experiments provide no insights into the 
signals-hormonal or otherwise-which trigger the initial determi- 
nation that certain neurons will express the steroid receptor pheno- 
type. 

The sex of the donor fetus was also found to have no apparent 
effect on cytosol estrogen receptor levels in the mature transplanted 
HPOA. This result is consistent with the demonstrated lack of sex 
differences in estrogen receptor concentrations in the hypothalamus 
of adult (Korach and Muldoon, 1974), neonatal (Westley and Sala- 
man, 1977), and E21 fetal rats (MacLusky et al., 1979a) as well as 
the neonatal mouse (Fox, 1975). With respect to the lack of effect 
of both steroids and fetal sex, however, it should be noted that the 
present results do not preclude alterations in estrogen receptors 
localized to either single neurons or to small areas of the HPOA. 

Estrogen receptors were also measurable in cytosol of transplants 
grown in the anterior chamber of the eye (Table II), and levels were 
comparable to those of transplants onto the choroidal pia. Thus, it 
does not appear that there are any factors specific to the transplan- 
tation site within the mature brain which are required for development 
of the embryonic estrophilic neurons. This result is consistent with 
reports of other investigators using both intraocular transplants 
(Nishizuka and Arai, 1982) and in vitro explant cultures (Toran- 
Allerand et al., 1980) as discussed below. 

The saturable binding of estradiol to transplanted HPOA cytosol 
protein exhibited the steroid specificity and high affinity characteristic 
of authentic estrogen receptors. In addition, the ability of estrogen 
treatment to induce progestin receptors in the transplanted HPOA 
indicates that these estrogen receptors are functionally mature 
(MacLusky et al., 1980b). The fact that induction was observed in 
transplants from both intact female and OVX-ADX hosts reveals that 
perinatal exposure to gonadal steroids is not required for the devel- 
opment of the estrogen-responsive mechanism of neural progestin 
receptor induction. 



2380 Paden et al. Vol. 5, No. 9, Sept. 1985 

To our knowledge, this increase in progestin receptors represents rat brain during embryonic, neonatal and infantile development. Endocri- 
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Lieberburg, I., and B. S. McEwen (1975) Estradiol-17P: A metabolite of 
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mechanisms of steroid action in the CNS. 
MacLusky, and E. J. Roy (1979) Attenuating the defeminization of the 

The fact that estrogen receptor development appears to be 
neonatal rat brain: Mechanisms of actton of cyproterone acetate, 1,4,6- 

independent of either the perinatal steroid environment or the sex of 
androstatriene-3,17-dione and a synthetic progestrn, R5020. Horm. Behav. 
13: 269-281. 

the fetus supports the view that fetal testicular secretions act as a Milkovic, K., J. Paunovic, Z. Kniewald, and S. Milkovic (1973) Maintenance 
“trigger” which activates a pre-existing neural mechanism in order to of the plasma conicosterone concentration of adrenalectomized rat by the 

induce sexual differentiation of the brain (McEwen, 1978). The fetal adrenal glands. Endocrinology 93: 115-l 18. 

present results do not support the suggestion of Dohler (1978) that Morrell, J. I., M. Schwanzel-Fukuda, S. E. Fahrbach, and D. W. Pfaff (1984) 

embryonic exposure to estrogens might be necessary to induce or Axonal projections and peptide content of steroid hormone concentrating 

imprint undifferentiated steroid receptors into an estrophilic form. neurons. Peptides 5 (Suppl. 1): 227-239. 

The recent failure to find a fetal sex difference in neural androgen 
Nishrzuka, M., and Y. Arai (1982) Synapse formation in response to estrogen 

aromatase levels (George and Ojeda, 1982; Weisz et al., 1982) as 
in the medial amygdala developing in the eye. Proc. Natl. Acad. Sci. U. S. 
A. 79: 7024-7026. 

had previously been suggested to exist (Reddy et al., 1974) indi- 
cates that the ontogeny of this additional obligatory factor in sexual 

Olson, L., and T. Malmfors (1970) Growth characteristics of adrenergic 
nerves in the adult rat. Fluorescence histochemical and ‘H-noradrenaline 

differentiation may also be independent of the fetal steroid environ- uptake studies using tissue transplantation to the antenor chamber of the 

ment Future experiments on the development of aromatase in fetal eye. Acta Physiol. Stand. Suppl. 348: l-l 12. 

HPOA transplants could be useful in further exploring this question, Plapinger, L., and B. S. McEwen (1978) Gonadal steroid-brain interactions in 

Based on the currently available evidence, then, the most parsimo- sexual differentiation. In Biological Determinants of Sexual Behavior, J. 

nious hypothesis is that the capacity for response to the testicular Hutchinson. ed., pp. 193-218, John Wiley & Sons, Inc., New York. 

steroids which trigger sexual differentiation is inherent in the devel- 
Reddy, V. V. R., F. Naftolin, and K. J. Ryan (1974) Conversion of androstene- 

oping brain, regardless of the sex of the fetus, 
dione to estrone by neural tissues from fetal and neonatal rats. Endocri- 
nology 94: 117-121. 
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