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Abstract 

Using DNA-cellulose affinity chromatography and either 3H-labeled dihydrotestosterone, testosterone, or 
estradiol, we qualitatively and quantitatively analyzed the androgen- and estrogen-binding activities present 
in four regions of male and female ferret brain at prenatal, early and late neonatal, and adult ages. The 
cytosolic androgen- and estrogen-binding activities in ferret brain at all ages studied were qualitatively similar 
in both sexes and in all brain regions and exhibited characteristics which resemble those of androgen and 
estrogen receptors from other species, including rodents and nonhuman primates. A developmental analysis 
indicated that high levels of both androgen and estrogen receptors were present in the hypothalamus-preoptic 
area as early as 5 days before birth. A significant, transient decline in concentrations of estrogen receptors 
(approximately &fold) occurred in anterior hypothalamus-preoptic area and mediobasal hypothalamus at 12 
days of age in both males and females; this phenomenon has not been observed in any other species studied to 
date. The observed ontogeny of androgen receptors correlates with the known ability of testosterone, acting 
over postnatal days 5 to 20, to cause coital masculinization in ferrets, whereas the observed postnatal dip in 
estradiol receptor concentrations correlates with the inability of estradiol to cause coital masculinization or 
defeminization of receptive behavior in this species. 

Several aspects of brain sexual differentiation in ferrets are 
strikingly different from those in other species such as mice, 
rats, and hamsters. For example, a critical period of coital 
masculinization in ferrets occurs during the late neonatal period 
(Baum et al., 1982; Baum and Erskine, 1984), beginning ap- 
proximately 5 days postnatally and extending to approximately 
20 days after birth; in mice and rats, a critical period occurs 
perinatally with its onset being prenatal (see Vito and Fox, 
1982), while in hamsters a critical period occurs during the 
early neonatal period (Eaton, 1970; Swanson, 1970), beginning 
at birth and ending 4 to 5 days later. Also unique to ferrets is 
the fact that coital masculinization occurs only after exposure 
to testosterone at late neonatal ages (Baum et al., 1982). Neo- 
natal administration of either dihydrotestosterone or estradiol 
to female ferrets was ineffective. This is in contrast to mice, 
rats, and hamsters in which the aromatization of androgens to 
estrogen has been implicated in the process of coital masculin- 
ization (reviewed in Baum, 1979). Furthermore, in contrast to 
mice, rats, or hamsters, perinatal exposure of male or female 
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ferrets to estrogen or androgen failed to reduce the animals’ 
capacity later to display receptive coital behavior in response 
to adult treatment with estradiol (i.e., perinatal steroids failed 
to cause receptive defeminization). Given these observations, 
we were interested in the possibility that these behavioral 
characteristics unique to ferrets may be correlated with species- 
specific differences in androgen and estrogen receptor systems 
in the brain, especially during the critical neonatal period of 
coital masculinization. In particular, we were interested in the 
ontogeny of androgen and estrogen receptors and their rela- 
tionship to both the time course of coital masculinization and 
gonadal hormone production in male and female ferrets. In 
order to compare these developmental events in ferrets with 
similar events in other species, we chose to analyze receptors 
for both androgens and estrogens in developing and adult ferret 
brain (male and female) using methods which have proven to 
be sensitive in the analysis of receptors in mouse (Fox, 1975a, 
b; Vito and Fox, 1979; Vito et al., 1979), rat (Lieberburg et al., 
1980; Vito and Fox, 1979, 1982; Wieland and Fox, 1981a), and 
hamster brain (Vito et al., 1983). 

The experiments described in this report (a) demonstrate 
the existence of typical androgen and estrogen receptors in 
adult ferret brain; (b) qualitatively characterize androgen and 
estrogen receptors in neonatal male and female ferret brain; 
and (c) quantitatively establish the relationship between age, 
sex, and receptor concentrations in four regions of ferret brain. 

Materials and Methods 
Animals. Pregnant ferrets were purchased from Marshall Research 

Farm (North Rose, NY), approximately 2 weeks before the expected 

268 



The Journal of Neuroscience Sex Steroid Receptors in Perinatal Ferret Brain 269 

day of delivery (gestation = 42 days; birth = 0 days of age). Pregnant 
and lactating females were provided with nest boxes in individual cages, 
kept under a 16-hr/R-hr light/dark cycle, and fed Purina Cat Chow and 
canned cat food. 

Chemicals. “H-labeled hormones were obtained from Amersham (Ar- 
lington Heights, IL) and New England Nuclear (Boston, MA). Stocks 
of (2,4,6,7-“Hlestradiol and [2,4,6,7,16,17-“Hlestradiol were 107 and 
140 Ci/mmol, respectively; stocks of [1,2,4,5,6,7-“H(N)]-5-n-dihydro- 
testosterone (DHT) and [1,2,4,5,6,7,16,17-“HJDHT were 143 and 208 
Ci/mmol, respectively; and stocks of [1,2,6,7-3H]testosterone (TES) 
and [1,2,6,7,16,17-“H]TES were 107 and 152 Ci/mmol, respectively. 
Stocks of “H-labeled hormones were checked for purity and were 
repurified, if necessary, by high performance liquid chromatography as 
previously described (Wieland and Fox, 1981b). 

Huffers. Extract buffer and elution buffer contained 50 mM Tris- 
HCI, pH 8.1 (21”C), 1 mM EDTA, 1 mM mercaptoethanol, 10% (v/v) 
glycerol, and NaCl as indicated. This buffer is suitable for solubilization 
of available receptors into the cytosolic fraction of tissue homogenates 
(Fox, 1975b; Fox et al., 1982) and is used at ionic strengths low enough 
for efficient chromatography on DNA-cellulose columns (Fox and 
Savakis, 1983). The conductivity of buffers and samples (10 ~1 diluted 
into 500 ~1 of deionized water) was measured using a Radiometer meter; 
NaCl concentrations were determined with a standard curve. 

Brain dissection and preporation of cytosol extracts. To obtain pre- 
natal brain tissues, pregnant females were anesthetized with pentobar- 
bital (45 mg/kg) 5 days before the expected day of parturition (-5 days 
ofage). The uterus and its contents were removed via a midline incision, 
and the kits were delivered and immediately decapitated. Other groups 
of ferrets were decapitated at several different postnatal ages (7, 10, 
12, and 15 days of age). Adult male and female ferrets, gonadectomized 
with pentoharhital anesthesia approximately 1 week before brain dis- 
sections, were killed by CO, asphyxiation followed by decapitation. All 
ferrets were killed 4 to 6 hr into the light phase of the day/night cycle. 

Brains were removed from all animals immediately after decapita- 
tion, taking care first to sever the pituitary stalk. Brains were placed 
ventral surface facing upward on an ice-cold glass plate. A no. 11 
surgical blade was used for all dissections. Figure 1 illustrates the 
dissection procedures followed. 

At -5 days of age, only a single slab of brain was isolated by making 
one coronal slice 2 mm in front of the optic chiasm and a second slice 
at the caudal edge of the mammillary bodies. This slab was turned on 
end, and a single horizontal slice was made at the level of the anterior 

commissure. The combined hypothalamus and preoptic area (H + 
POA) was isolated from this slab by making two lateral slices at the 
hypothalamic fissures. The remaining two pieces of lateral tissue were 
combined and designated as temporal lobe (TI,). Cerebral cortex (CTX) 
was isolated from this slab of tissue by making a single horizontal slice 
at the level of the corpus callosum. 

For ferrets of each sex at each perinatal age, brain regions from 
three to eight animals were pooled in a tube containing cold extract 
buffer which was immediately frozen on dry ice and stored in either 
liquid nitrogen (-196°C) or in a Revco freezer (-80°C). In some 
instances tissue was not stored frozen but was kept instead in buffer 
on ice for approximately 2 hr before assay. We have observed no 
receptor differences (quantitative or qualitative) in homogenates ob- 
tained from tissues frozen for storage versus those not frozen prior to 
homogenization. 

Preparation of cytosol extracts and all subsequent manipulations 
were performed at 2°C. To prepare cytosol extracts, tissues were 
homogenized in buffer containing 10 mM NaCL using Kontes/Teflon- 
glass homogenizers; the initial homogenate was then transferred to a 
centrifuge tube, followed by two half-volume rinses of the homogenizer. 
The tissue-to-buffer ratio of the complete homogenate was 450 mg of 
tissue (wet weight)/ml of buffer. The homogenate was then centrifuged 
at 140,000 X g for 60 min at 2°C. The resulting cytosol was then 
collected, samples (5 kl in duplicate) were removed for protein content 
determination (Lowry et al., 1951), and the remainders were prepared 
for DNA-cellulose affinity chromatography. 

DNA-cellulose affinity chromatography. Cytosols were collected, 
transferred to polystyrene tubes (Sarstedt), and incubated with either 
(“H]estradiol, (“H]DHT, or [“HITES. Following a 60.min incubation 
at 2-C, cytosols were applied to DNA-cellulose columns (equilibrated 
with buffer containing 10 mM NaCl) and allowed to enter the columns 
by gravity flow. Prior to and subsequent to layering the cytosol, 200 ~1 
of buffer containing the appropriate “H-labeled hormone at each re- 
spective concentration were applied to the column; these steps ensure 
that t,he column and its contents are exposed to a uniform concentra- 
tion of “H-labeled hormone. The columns containing the “H-labeled 
cytosol were transferred to an incubator at 20 to 21°C. After 60 min, 
the columns were returned to the cold room (2 to 4°C) and allowed to 
cool for 30 min. The columns were then washed with buffer containing 
10 mM NaCl (-16 column volumes for 16 hr) to remove free radioac- 
tivity and those cytosol components which did not adhere to DNA- 
cellulose under these experimental conditions. 

Figure 1. Regional dissection of post- 
natal ferret brain. Dissection procedures 
for obtaining the AH-POA, MHH, TL, 
and CTX were as follows. For all post- 
natal brains, three coronal slices were 
made: one 2 mm in front of the rostra1 
horder of the optic chiasm (hw I), a 
second at the caudal edge of the optic 
chiasm (line 2), and a third at the caudal 
edge of the mammillary bodies (Ime .‘I). 
This procedure thereby isolated two 
slabs of brain (A and H). The AH-POA 
was isolated from slab A hy making one 
cut at the level of the anterior commis- 
sure and two lateral cuts 2 mm on either 
side of the midline. The MBH was iso- 
lated from slab B by making two inter- 
secting diagonal slices extending from 
the lateral edge of the chiasm to the top 
of the third ventricle. The optic nerves 
and the chiasm were dissected free from 
the AH-POA and MBH, respectively. 
The TL was isolated bilaterally from 
slab B by making two intersecting slices, 
one originating at the most lateral edge 
of the hypothalamus and extending up- 
ward and laterally. and a second origi- 
nating at the base of the temporal lobe 
and extending straight upward. Finally, 
the CTX was isolated from slab H by 
making a single horizontal slice across 
the tissue at the level of the corpus cal- 
losum. 
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The 3H-labeled hormone-receptor complexes which adhered to DNA- 
cellulose were eluted with a linear concentration gradient of NaCl. 
Fractions (approximately equivalent to % column volume) were col- 
lected and aliquots were removed to determine NaCl concentration. 
Radioactivity was measured in 5 ml of Omnifluor (New England 
Nuclear)-toluene liquid scintillation fluid using a Beckman LS 233 
liquid scintillation counter; the counting efficiency for tritium was 39%. 
All receptor values in this report were obtained by DNA-cellulose 
chromatography. Since these could represent a subset of total in situ 
receptor, detected differences reflect both absolute receptor amounts 
and plausible changes in their DNA-binding activity. Further experi- 
mental considerations pertinent to the chromatography of radiolabeled 
cytosol extracts are discussed elsewhere (Vito et al., 1979; Vito and 
FPY, 1982; Fox and Savakis, 1983). Results are displayed in femtomoles 
per milligram of protein. Although not shown in the text, data on the 
ontogeny of estrogen and androgen receptors in different brain regions 
were also calculated in femtomoles per tissue pool. Results expressed 
in both ways were analyzed across the various postnatal ages using the 
Kruskal-Wallis one-way analysis of variance by ranks. Provided the 
resultant H value was significant at p < 0.05, subsequent individual 
groups’ comparisons were made using two-tailed Mann-Whitney U 
tests. 

Results 

Qualitative characterization of hormone-binding activities in 
adult ferret brain. Using DNA-cellulose affinity chromatogra- 
phy, we characterized the androgen- and estrogen-binding ac- 
tivities in various regions of adult ferret brain. Figure 2 illus- 
trates representative elution profiles obtained during chroma- 
tography of anterior hypothalamus-preoptic area (AH-POA) 
extracts (from gonadectomized adult males) labeled with either 
3H-androgens or 3H-estrogen. In the case of those extracts 
labeled with [“HIDHT or [3H]TES, a major peak of androgen- 
binding activity eluted within the 120 to 140 mM region of the 
NaCl elution gradient. Qualitatively, the ability to (a) bind 
both DHT and TES, (b) adhere to DNA-cellulose, and (c) 
exhibit a reliable and reproducible elution maxima at 120 to 
140 mM NaCl, each, is characteristic of a receptor-like andro- 
gen-binding activity. To further assess the receptor qualities of 
this activity in ferret AH-POA, we performed a parallel analysis 
of androgen binding in mouse brain, also using DNA-cellulose 
as previously described for mouse androgen receptors (Vito et 
al., 1979). In this direct comparison (data not shown), we found 
that the androgen-binding activities in ferret brain were qual- 
itatively indistinguishable from those in mouse brain, both in 
terms of hormone-binding specificity and behavior during 
DNA-cellulose affinity chromatography. Also, we have found 
that the androgen-binding activities in mediobasal hypothala- 
mus (MBH), TL, and CTX are qualitatively similar to those in 
AH-POA and that the androgen-binding activities in male 
ferret brain are similar to those in female ferret brain. Thus, 
in our qualitative characterization of androgen receptors from 
ferret brain, we have found no evidence to suggest species, sex, 
or regional differences. 

As illustrated in Figure 2, estrogen-binding activity was also 
detectable in extracts of adult ferret AH-POA and was readily 
distinguished from the androgen-binding activities in ferret 
AH-POA by virtue of its different elution behavior. When 
analyzed using DNA-cellulose affinity chromatography, the 
[“Hlestradiol-binding activity in ferret AH-POA exhibited an 
elution maximum at the 200 mM region of the NaCl elution 
gradient. The ability both to adhere to DNA-cellulose and to 
reproducibly exhibit this specific elution behavior is character- 
istic of estrogen receptor activity. Furthermore, in a direct 
comparison of ferret brain and mouse brain (data not shown), 
the qualitative characteristics of estrogen receptor from ferret 
brain were indistinguishable from those in mouse brain when 
analyzed using DNA-cellulose affinity chromatography; and, as 
is true for ferret androgen receptors, we have detected no 

I I  1 1 

IO 100 200 300 

ELUTION GRADIENT (mM NaCI) 
Figure 2. DNA-cellulose affinity chromatography of androgen and 

estrogen receptors from cytosol extracts of adult male ferret AH-POA. 
A cytosol extract of AH-POA from gonadectomized adult male ferrets 
was prepared as described under “Materials and Methods.” Aliquots 
were then incubated with either [3H]DHT (143 Ci/mmol; O-O), [“HI 
TES (152 Ci/mmol; l - - -O), or [3H]estradiol (140 Ci/mmol; O-0) 
at final concentrations of 10 nM. Following a 60.min incubation at 2 
to 4”C, each aliquot (containing approximately the equivalent of 1 
block of AH-POA) was layered on a column of DNA-cellulose (5 ml 
packed volume) and further treated as described under “Materials and 
Methods.” The androgen- and estrogen-binding activities which ad- 
hered to the DNA-cellulose were then eluted with a linear concentration 
gradient of NaCl (equivalent to 8 column volumes), ranging from 10 to 
400 mM. Fractions (1.25 ml) were collected, and the NaCl concentration 
and the radioactivity per fraction were determined as described under 
“Materials and Methods.” The peaks of bound [“HIDHT and [“HJTES 
which elute at 120 to 140 mM NaCl are equivalent to 2.2 and 1.2 mol/ 
mg of tissue (X 1017), respectively. The peak of bound [“Hlestradiol 
which elutes at 200 to 220 mM NaCl is equivalent to 5.9 mol/mg of 
tissue (X lOIT). 

qualitative species, sex, or regional differences in brain estrogen 
receptors in adult ferrets. 

Thus, on the basis of these data, we conclude that adult male 
and female ferret brain contains both androgen- and estrogen- 
binding activities which are typical of the receptors present in 
the brains of subavian (Salhanick et al., 1979), avian (Siegel et 
al., 1983), rodent (Lieberburg et al., 1980; Vito and Fox, 1982; 
Vito et al., 1983), and nonhuman primate (Pomerantz et al., 
1985) species. 

Qualitative characterization of hormone-binding activities in 
neonatal ferret brain. Figure 3 illustrates representative elution 
profiles of the androgen- and estrogen-binding activities in 
MBH extracts from 7-day-old male ferrets obtained using 
DNA-cellulose affinity chromatography. When labeled with 
either [3H]DHT or [“HITES, the ‘H-androgen-binding activity 
adhered to DNA-cellulose and reproducibly eluted within the 
120 to 140 mM region of the NaCl elution gradient. The binding 
specificity and elution behavior of the androgen-binding activ- 
ities detected in perinatal extracts were similar to those in 
extracts of adult ferret brain (refer to Fig. 2); when analyzed in 
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Figure 3. DNA-cellulose affinity chromatography of androgen and 
estrogen receptors from cytosol extracts of neonatal male ferret MBH. 
Cytosol extracts of MBH from 7-day-old male ferrets were prepared as 
described under “Materials and Methods.” Aliquots were then iucu- 
bated with either [3H]DHT (208 C/ 1 mmol; O-O), [3H]TES (107 Ci/ 
mmol; l - -O), or [3H]estradiol (107 Ci/mmol; O-O) at final concen- 
trations of 10 nM. Following a 60-min incubation at 2 to 4”C, each 
aliquot (containing the equivalent of 4 blocks of MBH) was layered on 
a column of DNA-cellulose (5 ml packed volume) and further treated 
as described under “Materials and Methods.” The androgen- and 
estrogen-binding activities which adhered to the DNA-cellulose were 
then eluted and distinguished with a linear concentration gradient of 
NaCl (equivalent to 6 column volumes), ranging from 10 to 400 mM. 
Fractions (1.25 ml) were collected, and the NaCl concentration and the 
radioactivity per fraction were determined as described under “Mate- 
rials and Methods.” The peaks of bound [3H]DHT and [3H]TES which 
elute at 120 to 140 mM NaCl are equivalent to 4.0 and 2.5 mol/mg of 
tissue (X 10r7), respectively. The peak of bound [3H]estradiol which 
elutes at 200 to 220 mM NaCl is equivalent to 9.5 mol/mg of tissue (X 
10’7). 

parallel, the binding activities in perinatal extracts were qual- 
itatively indistinguishable from those in adult extracts. More- 
over, these characteristics were qualitatively typical of the 
androgen-binding activities detected in ferret brain at all other 
perinatal ages tested (from -5 to 15 days of age), and they are 
similar to those in developing rodent (Vito et al., 1979; Lieber- 
burg et al., 1980; Vito and Fox, 1982; Vito and DeBold, 1983) 
and primate (Pomerantz et al., 1985) brain. Furthermore, we 
have detected no qualitative sex or regional differences in the 
androgen-binding activities in ferret perinatal brain extracts. 

As in the adult ferret brain, the estrogen-binding activity in 
7-day-old ferret brain was readily distinguishable from the 
androgen-binding activities by virtue of its different elution 
behavior. When labeled with [3H]estradiol and analyzed using 
DNA-cellulose affinity chromatography, the estrogen-binding 
activity in neonatal ferret MBH exhibited an elution maximum 
at 200 mM NaCl which is characteristic of the estrogen receptor 
in adult ferret brain and in developing rodent (Fox, 1975a; 
MacLusky et al., 1979a, b; Vito and Fox, 1982; Vito and DeBold, 
1983) and primate (Pomerantz et al., 1985) brain. 

These data, suggesting the existence of an estrogen receptor 
in developing ferret brain, are consistent with those of a pre- 
viously published report (Holbrook and Baum, 1983) in which 

the presence of estrogen receptors in prenatal and neonatal 
ferret brain was established using Sephadex LH20 gel filtration 
as well as sucrose density gradient centrifugation; our findings 
also confirm the observation (Holbrook and Baum, 1983) that 
no qualitative sex or regional differences in estrogen receptors 
are detectable in developing ferret brain. 

Ontogeny of androgen and estrogen receptors in ferret brain. 
The development of both androgen and estrogen receptor in 
various brain regions is depicted in Figure 4. The mean values 
at each age were derived by combining individual male and 
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Figure 4. Androgen and estrogen receptors in male and female ferret 

brain: ontogeny and regional distribution. The ordinate indicates the 
concentrations (moles) of bound hormone per milligram of protein (X 
1015) in cytosol extracts of pooled male (0) and pooled female (0) ferret 
brains. The bars represent mean values determined by combining all 
male and female values depicted at each age. Quantitation of bound 
hormone was achieved using DNA-cellulose affinity chromatography; 
the concentrations of androgen- and estrogen-binding activities in 
cytosol extracts were determined using saturating concentrations of 
[“HIDHT (hatched bars) or [3H]estradiol (stippled bars), respectively. 
Birth (0 days of age) is indicated by the arrows. At 5 days before birth 
(-5), extracts were made from the H + POA whereas, at all other ages 
(7 days of age through adulthood), separate extracts were made from 
the AH-POA and the MBH. Extracts of TL were used at prenatal, 
postnatal, and adult ages. At -5 days of age, CTX represents the entire 
cerebral cortex; at all other ages, CTX represents parietal cortex. At 
-5 to 15 days of age, brains were obtained from gonadally intact male 
and female ferrets; at adult ages, brains were obtained from gonadec- 
tomized (GDX) males and females. 
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TABLE I 

Sex comparison of androgen and estrogen receptor concentrations in neonatal ferret brain (postnatal days 7 to 15 combined) 

Anterior Hypothalamus-Preoptic 

Sex Area 
Mediobasal Hypothalamus Temporal Lobe 

Androgen Estrogen Androgen Estrogen Androgen Estrogen 

fmol of steroid boundlmg of cytosol protein 

Male 1.15 f 0.17” 3.13 zk 0.74 2.23 + 0.43 5.86 f 1.46 0.95 f 0.13 2.86 f 0.63 

W* (11) (8) (10) (3) (4) 
Female 1.28 k 0.28 3.56 3~ 1.04 2.53 + 0.70 6.01 + 1.35 1.20 +- 0.16 3.02 f 0.51 

(7) (10) (8) (11) (6) (7) 

’ Data are expressed as mean k SEM. None of the sex differences were statistically significant (p > 0.10, Mann-Whitney U tests, two-tailed). 

* Numbers in parentheses, number of independent determinations on pools of male or female tissues. 

female determinations, since no significant sex differences in 
the concentration of either type of receptor were apparent in 
AH-POA, MBH, or TL at postnatal days 7, 10, 12, and 15 
combined (Table I). It is evident from the data summarized in 
Figure 4 that both androgen and estrogen receptors were pres- 
ent in ferret brain at the earliest age sampled (e.g., day -5) and 
that both types of receptor remained detectable throughout 
postnatal development, including the critical neonatal period 
of coital masculinization. An overall comparison of estrogen 
receptor concentrations (data expressed in femtomoles per 
milligram of protein) across all postnatal ages revealed a sig- 
nificant change in AH-POA (Kruskal-Wallis H = 17.35, df = 
4, p < 0.01) and in MBH (H = 16.23, df = 4,~ < O.Ol), but not 
in TL. Too few determinations were done in CTX to allow 
meaningful statistical comparisons. Individual age group com- 
parisons with Mann-Whitney U tests showed that estrogen 
receptor concentrations in AH-POA were significantly lower at 
postnatal days 12 and 15 than at day 7 or in adulthood (p < 
0.01). Likewise, estrogen receptor concentrations in MBH were 
significantly lower at postnatal day 12 than at day 7, day 15, 
or in adulthood (p C 0.01). 

A similar pattern of statistical differences was obtained when 
the estrogen receptor data were expressed in femtomoles per 
tissue pool (data not displayed). Overall statistical comparisons 
revealed significant effects in AH-POA (H = 11.61, df = 4, p < 
0.05) and MBH (H = 25.86, df = 4, p c 0.01). Subsequent group 
comparisons showed that estrogen receptor content in AH- 
POA was significantly lower at postnatal day 12 than at day 7 
or 15, or in adulthood (p < 0.05). Likewise, for MBH, estrogen 
receptor content was significantly lower on day 12 than on day 
7, day 15, or in adulthood (p < 0.01). Saturation analysis carried 
out using either AH-POA or MBH taken from males and 
females killed on day 12 revealed no apparent change in the 
affinity of estrogen receptors for [3H]estradiol (data not 
shown). 

Analysis of the ontogeny of androgen receptors, when data 
were expressed in femtomoles per milligram of protein, also 
revealed a dip in receptor concentration at days 10 to 12, with 
significant variations being detected in AH-POA (H = 9.81, df 
= 4, p < 0.05), MBH (H = 10.84, df = 4, p < 0.05), and TL (H 
= 8.25, df = 3,~ < 0.05). Subsequent group comparisons showed 
that androgen receptor concentrations in AH-POA were lower 
at day 12 than at day 7, day 15, or in adulthood (p < 0.05). In 
MBH, androgen receptor concentrations on day 12 were lower 
than at day 7, day 15, or in adulthood (p < 0.01). Androgen 
receptor concentrations in TL on days 10 + 12 were signifi- 
cantly lower than at day 7. The reliability of the above reduc- 
tions in androgen receptor concentration around day 12 was 
brought into question, however, after reanalysis of the data 
expressed in femtomoles per tissue pool. Again, overall statis- 
tical comparisons revealed a significant effect of postnatal age 
on androgen receptor content of AH-POA (H = 10.99, df = 4, 
p < 0.05), MBH (H = 12.46, df = 4, p < 0.02), and TL (H = 
10.44, df = 3, p < 0.05). However, individual comparisons of 

androgen receptor content for each region revealed a different 
pattern of differences from that which was obtained when the 
results were expressed in femtomoles per milligram of protein. 
Thus, for AH-POA, receptor content at days 7 and 12 was 
lower 0, < 0.05) than at day 15; for MBH, adult content was 
significantly lower than for day 15 (p < 0.05), and for TL, day 
10 + 12 content was significantly lower than day 7 content (p 
< 0.05). We place little emphasis on the potential biological 
significance of any postnatal variations in brain androgen 
receptor content, because the absolute variation in receptor 
content was lower compared to the estrogen receptor data and 
because there was the discrepancy in the age profile of androgen 
receptor results, depending on how the data are expressed. 

Preliminary experiments, in which we compared intact ver- 
sus neonatally (day 5) gonadectomized ferrets (males and fe- 
males separately) killed at 11, 12, or 21 days of age, revealed 
no apparent differences in detectable androgen or estrogen 
receptor concentrations in any brain region tested (data not 
shown). 

Discussion 

Androgen- as well as estrogen-binding activities measured in 
different regions of ferret brain during development exhibited 
characteristics which are identical to those of androgen and 
estrogen receptors previously characterized during perinatal 
development in mouse, rat, and hamster brain regions. As for 
those rodent species, the present study indicated that, qualita- 
tively, the androgen and estrogen receptors present in ferret 
brain were not distinguishable on the basis of sex, age, or brain 
region. There were, however, important quantitative differ- 
ences between the ferret and the three rodent species previously 
studied in the concentration profile of estrogen receptors as 
well as in the temporal relationships during development in the 
initial appearance of both estrogen and androgen receptors and 
the onset of the critical perinatal period of coital masculiniza- 
tion. 

The concentrations of estrogen receptor measured in differ- 
ent subcortical brain regions of male and female ferrets pre- 
natally as well as 7 days postnatally were notably higher than 
the concentration of this receptor previously measured in 
mouse, rat, or hamster at comparable ages. In contrast to these 
rodent species, however, estrogen receptor concentrations in 
AH-POA and MBH declined approximately 5-fold in the mid- 
dle of the postnatal period of coital masculinization. As a 
consequence, the estrogen receptor concentrations during this 
postnatal period in ferret brain were markedly lower than those 
in either mouse or rat brain during their critical period of brain 
differentiation (Vito and Fox, 1982). Likewise, as a consequence 
of this reduction, the ratio of hypothalamic androgen to estro- 
gen receptor was higher in ferrets than in mice, rats, or ham- 
sters during postnatal development. 

It seems unlikely that the decline in estrogen receptor con- 
centrations observed on postnatal day 12 reflects a technical 
inability to detect receptors bound to endogenous steroids, 
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because there is no correlation between the levels of estrogen 
receptor measured in the present study and the availability of 
estrogen to interact with these receptors. For example, we 
detected the highest concentrations of estrogen receptor in 
various brain regions at -5 days, an age when plasma levels of 
estradiol and estrone (Erskine and Baum, 1984) are as high in 
both sexes as those measured in adult female ferrets in estrus. 
By contrast, we detected the lowest concentration of estrogen 
receptors at postnatal day 12, when plasma concentrations of 
estradiol are as low as the levels measured in ovariectomized 
females. Similarly, there is no apparent correlation between the 
availability of estrogen synthesized locally in hypothalamic 
tissues from circulating testosterone and the concentration of 
estrogen receptor measured in various brain regions across 
perinatal life. High levels of aromatase activity were measured 
in H + POA (prenatally) and in AH-POA and MBH (postna- 
tally) in ferrets of both sexes (Canick et al., 1984). Plasma 
concentrations of testosterone were higher (in both sexes) at 
day -5 than at any other perinatal age (Erskine and Baum, 
1982); yet the dip in estrogen receptor concentration occurred 
at postnatal day 12. Finally, the concentration of estrogen 
receptors in AH-POA and MBH was not affected in the present 
study by neonatal gonadectomy of either sex. 

Previous research has shown that, in contrast to rodent 
species such as the rat, in which estrogenic metabolites of TES 
contribute to the masculinization of coital behavior (reviewed 
in Baum, 1979), the male ferret is not significantly masculinized 
by the action of estradiol (Baum et al., 1982, 1983) during the 
critical period for this process, which extends between postnatal 
days 5 and 20. Likewise, in rodent species the formation of 
estrogenic metabolites of TES in developing subcortical brain 
regions is associated with the defeminization of receptive be- 
havioral capacity in males. In ferrets, estrogens given shortly 
after birth lacked the ability to defeminize receptive behavior 
in females, and males normally fail to undergo receptive defem- 
inization. An obvious overlap exists in rats between the increas- 
ing concentration of hypothalamic estrogen receptor previously 
detected perinatally and the timing of the critical periods for 
both coital masculinization and receptive defeminization. Like- 
wise, in ferrets the inability of estrogen exposure neonatally to 
cause either coital masculinization or receptive defeminization 
is correlated with the reduction in estrogen receptor concentra- 
tion seen in both males and females around postnatal day 12. 

The significance in both sexes of the comparatively high 
concentration of estrogen receptors in H + POA prenatally, 
coupled with the availability of high levels of estrogen, either 
via the circulation or via neural aromatization of TES precur- 
sor, is not evident at present. It is possible that estrogen acts 
in the brain of both sexes to promote the formation of neural 
connections which later control a variety of behavioral and 
neuroendocrine functions which are not sexually dimorphic. 
Both the activity of aromatase (Canick et al., 1984) and plasma 
testosterone concentrations (Erskine and Baum, 1982) are 
higher at day -5 in males than in females, suggesting that the 
amount of estrogen available to interact with neural estrogen 
receptors at this age may be greater in males than in females. 
Recent evidence suggests that male ferrets normally are sensi- 
tized during the late prenatal/early neonatal period to respond 
more efficiently than females to the masculinizing action of 
testosterone on coital behavior potential between postnatal 
days 5 and 20 (Baum and Erskine, 1984). Other evidence 
suggests that male ferrets undergo a process of defeminization 
during this same late prenatal/early postnatal period which 
leads them to display lower levels of proceptive feminine sexual 
behavior in adulthood (Baum et al., 1985). Either of these 
functions could result from an interaction of estrogen and 
estrogen receptors in the male ferret brain. 

Like estrogen receptors, androgen receptors were readily 

measured in various brain regions of both male and female 
ferrets at the earliest perinatal age studied (day -5). They 
subsequently remained detectable throughout perinatal life, 
although there were some variations in androgen receptor con- 
tent during the postnatal period. However, unlike the data for 
estrogen receptors, the pattern of variation in androgen recep- 
tors varied considerably depending on whether the results were 
expressed in femtomoles of [3H]DHT bound per milligram of 
cytosol protein or per tissue pool. Regardless of how the data 
were expressed, the magnitude of the postnatal variation in 
androgen receptor content never approached that seen for 
estrogen receptors over the same period. As is true for androgen 
receptors studied in brain tissues of other species (Fox, 1975b; 
Attardi and Ohno, 1976; Kato, 1976; Wieland and Fox, 1979; 
Lieberburg et al., 1980), the androgen receptors isolated in both 
perinatal and adult ferret brain regions bound both TES and 
DHT. Studies already cited suggest that TES but not DHT 
normally causes coital masculinization in the developing male 
ferret. Certainly, the differential ability of these two androgens 
to cause this aspect of brain sexual differentiation in males 
cannot be explained on the basis of the present findings. The 
concentrations of androgen receptor at prenatal and early post- 
natal ages were notably higher in ferret brain regions than in 
comparable regions of rat or mouse brain at this period. The 
high levels of androgen receptor in ferret brain may contribute 
to the ability of testosterone to organize brain mechanisms 
controlling the expression of masculine coital behavior in this 
species. 
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