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The interstitial nuclei of the human anterior hypothalamus
(INAH1–4) have been considered candidates for homology

Examination of the human hypothalamus for mor-
with the sexually dimorphic nucleus of the preoptic area of
the rat. Volumetric sexual dimorphism has been described
for three of these nuclei (INAH1–3), and INAH3 has been
reported to be smaller in homosexual than heterosexual
men. The current study measured the INAH in Nissl-
stained coronal sections in autopsy material from 34 pre-
sumed heterosexual men (24 HIV2 and 10 HIV1), 34 pre-
umed heterosexual women (25 HIV2 and 9 HIV1), and 14

HIV1 homosexual men. HIV status significantly influenced
the volume of INAH1 (8% larger in HIV1 heterosexual men
and women relative to HIV2 individuals), but no other
INAH. INAH3 contained significantly more neurons and
occupied a greater volume in presumed heterosexual
males than females. No sex difference in volume was de-
tected for any other INAH. No sexual variation in neuronal
size or density was observed in any INAH. Although there
was a trend for INAH3 to occupy a smaller volume in
homosexual men than in heterosexual men, there was no
difference in the number of neurons within the nucleus
based on sexual orientation. © 2001 Academic Press
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HIV.
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phological sex differences comparable to those de-
scribed in animals (Bleier et al., 1982; Commins and
Yahr, 1984; Gorski et al., 1978; Hines et al., 1985; Tobet
et al., 1986) has produced discrepant results. Swaab
and Fliers (1985) examined a hypothalamic cell group
previously designated as the intermediate nucleus
(Brockhaus, 1942) and found it to be larger in males
than in females. They suggested that the nucleus may
correspond to the sexually dimorphic nucleus of the
preoptic area (SDN-POA) of the rat (Gorski et al.,
1978). Consequently, they redesignated it as the SDN-
POA or, more simply, the sexually dimorphic nucleus
(SDN) (Swaab and Hoffman, 1988, 1995). Allen et al.
(1989) were unable to verify a sex difference in that
nucleus; however, they identified two other nuclei
which they called the second and third interstitial
nuclei of the anterior hypothalamus (INAH2 and
INAH3), both of which they found to be larger in
males. They designated the SDN of Swaab and Fliers
as the first interstitial nucleus of the anterior hypothal-
amus (INAH1). Thus, the terms intermediate nucleus,
SDN-POA, SDN, and INAH1 correspond to a single
cell group in the human. Allen et al. (1989) also de-
scribed a nucleus which they called INAH4 for which
they found no sexual dimorphism. Like Allen et al.
(1989), LeVay (1991) found INAH3 to be larger in
males than in females and found no sex difference in
0018-506X/01 $35.00
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INAH1 or INAH4. LeVay (1991), however, found no
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87Interstitial Nuclei of Human Hypothalamus
sex difference in the volume of INAH2.
To address the discrepancies in the literature re-

garding sexual dimorphism of the INAH, we assessed
the volume of each of the INAH in serial sections from
postmortem specimens obtained at autopsy and also
examined each nucleus for sex differences in neuronal
density, total neuronal number, and mean neuronal
size. In agreement with two prior studies (Allen et al.,
1989; LeVay, 1991), we found INAH3 to be sexually
dimorphic, occupying a significantly greater volume
in males than females. In addition, we determined that
the sex difference in volume was attributable to a sex
difference in neuronal number and not in neuronal
size or density (Byne et al., 2000). We found no evi-

ence for sexual dimorphism of any other INAH.
LeVay (1991) examined the volumes of the INAH

or variation with sexual orientation in men. He found
he volume of INAH3 in homosexual men to be
maller than that of presumed heterosexual men and
omparable in size to that of presumed heterosexual
omen. On the basis of that result, he hypothesized

hat INAH3 is dimorphic, not only with sex, but also
ith sexual orientation, at least in men (LeVay, 1991).
eVay’s characterization was done only for volume
nd not for cell number.
We now report our examination of the INAH for

ossible variation with sexual orientation in men. Sex-
al orientation was determined from a review of med-

cal records available at autopsy. No information re-
arding sexual orientation was available for subjects
hat died from causes unrelated to HIV infection. In
he absence of such information, all individuals who

ere not known to be HIV positive (HIV1) at the time
f death were classified as heterosexual because of the

ow rate of homosexuality in the population (Hamer et
l., 1993; Michael et al., 1994). Specimens were ob-
ained from HIV1 men only if the autopsy record
isted a single HIV risk factor (i.e., intravenous drug
se or homosexual behavior). Those for whom intra-
enous drug use was the only known risk factor were
resumed to be heterosexual. Those for whom homo-
exual behavior was listed as the risk factor were
resumed to be homosexual. Thus, as in the study of
eVay (1991), all specimens from homosexual men
ame from individuals who died from opportunistic
nfections associated with HIV infection. It has, there-
ore, been necessary to examine possible effects of HIV
nfection on the INAH. To date, we have examined all
our INAH for volumetric variation with sexual ori-
ntation and HIV status. In addition, we have exam-
ned INAH3 for such variation in neuronal number,
rains from women of known sexual orientation, it
as not been feasible to address the possibility that
ne or more of the INAH exhibit variation with sexual
rientation in women.
The present sample includes the specimens from
IV-negative (HIV2) individuals who were included

n our earlier study (Byne et al., 2000) in which all of
he morphometric methods were fully described.
hroughout the text, data are presented as mean 6
tandard error of the mean (SEM). The mean age of
ubjects did not differ significantly across groups:
IV1 presumed heterosexual males 47.1 6 10, n 5

0; HIV2 presumed heterosexual males 49.5 6 2.9,
5 24; HIV1 presumed heterosexual females 40.6 6

.2, n 5 9; HIV2 presumed heterosexual females
9.9 6 2.5, n 5 25; and HIV1 homosexual males
1.8 6 2.5, n 5 14.

IV Influence on INAH1 and Sexual Influence on
NAH3

For the initial analysis (Table 1), HIV1 and HIV2
eterosexual males and females were analyzed in a

wo-way ANOVA for the volumes of INAH1–4. Only
NAH3 revealed a significant influence of sex. There
as a highly significant effect of sex (P , 0.0001),
ith no influence of HIV status [F(1, 61) 5 1.61, P .

.20]. Only INAH1 revealed a significant influence of
IV status, as there was a statistically significant effect

n volume (P 5 .047). Volume was increased in
IV1 males and HIV1 females by about 8% (0.369 6

.012 vs 0.401 6 0.017). Since there was no significant
nfluence of HIV status on INAH3, the influence of
exual orientation was analyzed by a one-way
NOVA collapsing across HIV status to yield three
roups: male heterosexual, female heterosexual, and
ale homosexual subjects. This analysis yielded a sig-

ificant effect of group: F(2, 76) 5 13.95, P , 0.0001,
with the majority of the effect due to the male–female
difference. The size of INAH3 in homosexual males
(0.096 6 0.007, n 5 14) was intermediate between the
heterosexual males (0.121 6 0.007, n 5 31) and fe-
males (0.073 6 0.005, n 5 34), but the differences did
not reach statistical significance relative to either
group (P . 0.05, post hoc Tukey–Kramer HSD)
(Fig. 1).

Influences on Brain Weight

Excluding the homosexual male group, there were
significant sex (P , 0.001) and HIV (P , 0.05)
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influences on brain weight with males (1347.3 g) hav-
ing greater brain weights than females (1187.3 g) and
HIV2 individuals (1299.1 g) having greater brain

eights than HIV1 individuals (1235.5 g). Although
he interaction of sex and HIV status was not signifi-
ant (P 5 0.11), the bulk of the HIV influence was due
o larger brain weights in HIV2 heterosexual males
1409.6 6 22.9) vs HIV1 heterosexual males (1291.0 6
1.1). This may not be due to the HIV infection itself,
s the average brain weight for the HIV1 homosexual
ales (1409.3 6 31.5) did not differ from that of the

Heterosexual males

HIV2 HIV1

NAH1 .364 6 .017 (n 5 21) .424 6 .033 (n 5 9) .
NAH2 .059 6 .004 (n 5 23) .058 6 .010 (n 5 10) .
NAH3 .123 6 .009 (n 5 22) .108 6 .009 (n 5 9) .
NAH4 .101 6 .010 (n 5 22) .103 6 .011 (n 5 8) .

a Some INAH were incomplete in some specimens precluding vo
e determined, therefore, varied among the nuclei as indicated. An
ffect of HIV status only for INAH1 [F(1, 55) 5 4.02, P , 0.05] a
.0001]. There was no significant sex 3 HIV interaction for any nu

FIG. 1. Eighty-micron-thick coronal sections from specimen ms-
136 (69-year-old presumed heterosexual male) illustrating the
INAH, which are indicated by the corresponding numbers. INAH1
and INAH2 are seen clearly in level a, in which INAH3 begins to
emerge as an area of increased density within MP-AHN. Level b is
880 mm posterior to level a. INAH3 and INAH4 are prominent.
INAH3 is in close proximity to a cell group designated by Bleier as
AH-ST (see Byne, 1998, for discussion). Abbreviations: AH-ST, con-
fluence of the anterior hypothalamic nucleus (AH) with the bed
nucleus of the stria terminalis (ST); MP-AHN, medial preoptic-
anterior hypothalamic nucleus; PVN, paraventricular nucleus; oc,
optic chiasm; SON, supraoptic nucleus; v, third ventricle.
IV2 heterosexual males (Table 2); however, in the
bsence of an HIV2 homosexual group, the main and
nteractive effects of sexual orientation and HIV status
annot be completely analyzed. None of the depen-
ent variables examined exhibited significant covari-
nce with brain weight. Similarly, no variables covar-
ed with age, and mean ages did not differ across
roups.
Because ANOVA revealed a significant group effect

n brain weight, an additional ANOVA was run for
NAH3 volume/brain weight. The results were the
ame as for the raw volumes of INAH3. There was a
ignificant main effect of sex [F(1, 61) 5 12.07, P 5

0.009], but no effect of HIV [F(1, 65) 5 .416, P 5
0.5213]. Post hoc Tukey–Kramer HSD failed to dem-
onstrate a significant difference between homosexual
men (0.069 6 0.006) and either heterosexual men
(0.087 6 0.005) or women (0.061 6 0.004) (P . 0.05,
each test), although there was a trend for INAH3/
brain weight to be reduced in the homosexual relative
to heterosexual men (P , 0.10, two-tailed) (Table 3).

INAH3 Neuronal Number Varies with Sex But Not
Sexual Orientation

In our previous studies, the most robust cellular
finding was an increased number of neurons in the
INAH3 of males compared to females (Byne et al.,
2000). The present data set agrees with those findings
in presumed heterosexual individuals with the male
INAH3 containing on average approximately 60%
more neurons than the female. The number of neurons
in INAH3 from homosexual males did not differ from
heterosexual males. For neuronal number, a one-way
ANOVA revealed a significant group effect [F(2,
53) 5 7.21, P , 0.01] that was attributable to the fact

Heterosexual females
Homosexual males,

HIV1IV2 HIV1

018 (n 5 20) .409 6 .003 (n 5 8) .379 6 .026 (n 5 12)
002 (n 5 24) .058 6 .013 (n 5 8) .059 6 .005 (n 5 13)
006 (n 5 25) .067 6 .012 (n 5 9) .096 6 .007 (n 5 14)
010 (n 5 25) .083 6 .013 (n 5 9) .085 6 .012 (n 5 14)

determination. The number of specimens for which volumes could
VA (excluding the homosexual males) revealed a significant main
gnificant main effect of sex only for INAH3 [F(1, 61) 5 20.7, P ,
H

372 6 .
055 6 .
077 6 .
091 6 .

lume
ANO

nd a si
cleus.
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that both male groups had more neurons in INAH3
than did the female groups. The trend toward de-
creased INAH3 volume in the male homosexual group
in the absence of a difference in total neuronal number
suggested the potential importance of examining neu-
ronal density. There was a strong trend for an influ-
ence of sexual orientation on neuronal density in
INAH3 [F(2, 53) 5 3.03, P 5 0.057] that was attrib-

table entirely to a higher neuronal density in INAH3
f male homosexuals versus heterosexual males and
emales (Table 3). There was no group effect on the
ross-sectional area (mm2) of neurons within INAH3

(heterosexual males 120.7 6 3.4, n 5 21; females
18.4 6 3.1, n 5 21; homosexual males 121.9 6 3.8,

n 5 14).

HIV status Male heterosexual

Positive 1291.0 6 41.1 (n 5 10)
Negative 1409.6 6 22.9 (n 5 24)

a An ANOVA, excluding the homosexual males, revealed a main
F(1, 65) 5 4.3, P 5 0.04] and no sex 3 HIV interaction (P 5 0.1
eight in the HIV1 heterosexual males relative to the HIV2 heter

ABLE 3

NAH3 Dataa

Heterosexual male

Volume (mm3)
HIV2 .123 6 .009 (22)
HIV1 .108 6 .009 (9)
All .121 6 .007 (31)

Volume/brain wt (mm3/g)
HIV2 .088 6 .006 (22)
HIV1 .086 6 .007 (9)
All .087 6 .005 (31)

Neurons per mm3

HIV2 14484 6 1179 (13)
HIV1 17755 6 1447 (8)
All 15730 6 960 (21)

Neuronal number
HIV2 1737 6 179 (13)
HIV1 1887 6 275 (8)
Total 1794 6 149 (21)

a Cellular parameters were assessed only if INAH3 was comple
per group or a randomly selected subset of intact specimens. ANO

** Different from heterosexual males, P , .001.
† Different from both heterosexual and homosexual males, P ,

†† Trend toward increased density in homosexual compared wi
Discussion

The present study provides further evidence that
INAH3 occupies a larger volume (Allen et al., 1989;

eVay, 1991) and contains more neurons (Byne et al.,
2000) in presumed heterosexual men than women.
The primary sexually dimorphic cellular characteristic
of INAH3, neuronal number, did not vary as a func-
tion of sexual orientation. The current study failed to
provide evidence of sexual dimorphism in INAH1
(Swaab and Fliers, 1985; Swaab and Hoffman, 1995) or
INAH2 (Allen et al., 1989).

It has been proposed that hormones exert a global
organizational influence on the developing brain, in-
fluencing the development of brain regions and cir-

Sex/orientation

Female Male homosexual

180.0 6 30.1 (n 5 9) 1409.3 6 31.5 (n 5 14)
194.6 6 22.6 (n 5 25)

of sex [F(1, 65) 5 27.3, P , 0.0001] a main effect of HIV status
e bulk of the HIV effect is accounted for by the reduction of brain
l males.

Female Homosexual male

.077 6 .006 (25)

.067 6 .012 (9) .096 6 .007 (14)

.073 6 .005 (34)**

.064 6 .005 (25)

.058 6 .011 (9) .069 6 .006 (14)

.061 6 .004 (34)**

15912 6 1113 (12)
16167 6 1224 (9) 18792 6 881 (14)††
16021 6 804 (21)

1123 6 156 (12)
1122 6 249 (9) 1831 6 184 (14)
1123 6 135 (21)**†

tact. These parameters were assessed in either all intact specimens
re described in text.

rosexual males, P 5 .057.
1
1

effect
14). Th
osexua
tely in
VAs a

.001.
th hete
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anterior commissure (e.g., Allen and Gorski, 1992). We
also measured the anterior commissure in the same
blocks of tissue used for the present hypothalamic
study (data not shown) and were unable to replicate a
report that its cross-sectional area is larger in women
than in men (Allen and Gorski, 1992). Thus, while a
variety of other structural sex differences have been
described for the human brain, including differences
in the corpus callosum, anterior commissure, and por-
tions of the bed nucleus of the stria terminalis (re-
viewed in Byne, 1993; Fox et al., 1999), the sexual
dimorphism of INAH3 is thus far the only one that has
been subjected to repeated and successful attempts at
replication by independent laboratories in the absence
of significant failures of replication.

FIG. 2. Three-dimensional reconstructions of the medial preoptic-a
the human, like the SDN-POA of the rat, is a component of the MP
the rat, an expansion of the ventricle (V) is seen behind the anterio
extend through ac posteriorly. Reconstructions were prepared f
Visualization System software (Advanced Visual Systems, Inc., W
nucleus of the anterior hypothalamus; MP-AHN, medial preopti
dimorphic nucleus of the preoptic area; SON, supraoptic nucleus.
candidates for homology with the much-studied SDN-
POA of the rat. We believe that, in addition to its
sexual dimorphism, INAH3 more closely resembles
the SDN-POA of the rat in a variety of ways, including
its positional and cytoarchitectonic characteristics
(Byne, 1998; Byne et al., 2000). For example, like the

DN-POA, INAH3 is a component of the medial pre-
ptic-anterior hypothalamic nucleus (MP-AHN) (Fig.
). In contrast, INAH1 is situated completely outside
nd lateral to the MP-AHN. While it might be helpful
o bring chemoarchitecture to bear on the issue of
omology, little is known about specific markers in

he human INAH. Moreover, homologous nuclei do
ot necessarily express the same peptides in all spe-
ies. For example, the large cholinergic neurons of

r hypothalamic continuum of the human (A) and rat (B). INAH3 in
. In contrast, the other INAH are situated outside the MP-AHN. In
issure (ac). In the human, the region of the reconstruction did not
ionin-stained serial sections with the assistance of Application
, MA). Abbreviations: ac, anterior commissure; INAH, interstitial
ior hypothalamic nucleus; oc, optic chiasm; SDN-POA, sexually
nterio
-AHN
r comm
rom th
altham
c-anter
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but not in humans (Walker et al., 1991). Inferences
regarding homology should, therefore, be based on a
consideration of a wide variety of markers. The con-
nections and functions of the nuclei in question are
also relevant to the issue of homology, but again, little
is known with regard to the INAH.

By analogy to hypothalamic sex differences in ani-
mals (e.g., Byne et al., 1987; Gorski et al., 1978; Tobet et
al., 1986) the sex difference in the human INAH3 may
depend at least in part on sex differences in develop-
mental exposure to gonadal hormones. The prevailing
hypothesis concerning the development of the SDN-
POA in rats is that gonadal steroids cause more neu-
rons to survive in males than females (Davis et al.,
1996). As the sex difference in INAH3 is in the number
of neurons, differences in neuronal survival between
males and females may also contribute to the sexual
dimorphism of INAH3. In addition, sex related differ-
ences may also emerge later in development as the
neurons that survive become part of functional circuits
(Hutton et al., 1998). The current results may provide
a suggestion of such a later emerging influence. Thus,
while the difference in volume between the sexes was
accounted for by an increased number of neurons in
men, the trend toward a difference between homosex-
ual and heterosexual men was accounted for by a
difference in volume without a difference in neuron
number (i.e., increased neuronal density). Such a dif-
ference in volume could be accounted for in at least
two ways. First, it might simply reflect shrinkage dur-
ing tissue fixation. While that possibility cannot be
ruled out, it seems unlikely since no other INAH was
similarly affected and there is no evidence of neuronal
shrinkage in the homosexual specimens (i.e., neuronal
size did not vary between homosexual and heterosex-
ual men). Alternatively, if validated by independent
replication, the present findings could reflect a reduc-
tion of neuropil within INAH3 in the homosexual
group. Work in animals suggests that the elaboration
of synaptic connections continues after cytoarchitec-
tonic patterns (i.e., the positioning of neurons) are
determined (Byne et al., 1987; Hutton et al., 1998). It is
known that postnatal experience in animals can influ-
ence the elaboration of neuropil in some brain regions
(e.g., Bhide and Bedi, 1984; Turner and Greenough,
1985). In humans, the major expansion of the brain
occurs postnatally while the individual is in constant
interaction with the environment (for references see
Byne and Parsons, 1993). Thus, the elaboration of neu-
ropil may be influenced by postnatal experience in
humans. At present, however, nothing is known about
or postnatal experience on neuropil development in
INAH3.

Considerable speculation has addressed the possi-
ble functions of INAH3, particularly regarding a po-
tential role in regulating male-typical sexual behaviors
(Allen et al., 1989; LeVay, 1991). At present, however,
we can neither ascribe any function to INAH3, nor can
we interpret the functional significance of its sexual
dimorphism. If INAH3 is a site related to the func-
tional circuitry of sexual orientation, then the current
data suggest that measures other than simple nuclear
volume are needed to discern the relationship. Based
on the results of the present study as well as those of
LeVay (1991), sexual orientation cannot be reliably
predicted on the basis of INAH3 volume alone.

The finding of an increase in INAH1 volume asso-
ciated with HIV infection in the heterosexual groups
was not anticipated and should be viewed cautiously
until replicated. Whether the increase in volume is
related to a change in neuronal size or number in the
present specimens remains to be determined. Since all
of the HIV1 heterosexual males as well as some of the
HIV1 females had histories of intravenous drug
abuse, the increase in INAH1 volume may be related
more closely to drug use than to HIV infection. Since
INAH1 is rich in message for preproenkephalin, it
may conceivably play a role in the brain reward sys-
tems that are dysregulated in drug addiction. In con-
trast to INAH1, we found no evidence for an influence
of HIV on INAH3, lending credence to LeVay’s (1991)
contention that HIV infection did not account for the
disparity in INAH3 volume he observed between ho-
mosexual and heterosexual men.

ACKNOWLEDGMENTS

We acknowledge Noreen Mall for expert technical assistance,
and Drs. Harry Vintners, Carol Petito, Mahlor Johnson and Charles
Moser for assistance with the procurement of tissues. Tissues were
also provided by the Manhattan HIV Brain Bank supported by
R24MH59724 to S.M. This work was supported by MH54748 to
W.B., MH61376 to S.A.T., and the VISN 3 Mental Illness Research
Education and Clinical Center.

REFERENCES

Allen, L. S., and Gorski, R. A. (1990). Sexual orientation and the size
of the anterior commissure in the human brain. Proc. Natl. Acad.
Sci. USA 89, 7199–7202.
llen, L. S., Hines, M., Shryne, J. E., and Gorski, R. A. (1989). Two



sexually dimorphic cell groups in the human brain. J. Neurosci. 9,
497–506.

A

B

B

B

B

C

D

F

G

Hamer, D. H., Hu, S., Magnuson, V. L., Hu, N., and Pattatucci, A. M.
(1993). A linkage between DNA markers on the X chromosome

H

H

H

L

M

S

S

S

S

T

T

W

92 Byne et al.
rendash, G. W., and Gorski, R. A. (1983). Effects of discrete lesions
of the sexually dimorphic nucleus of the preoptic area or other
medial preoptic regions on the sexual behavior of male rats. Brain
Res. Bull. 10, 147–154.

hide, P. G., and Bedi, K. S. (1984). The effects of a lengthy period
of environmental diversity on well-fed and previously under-
nourished rats. II. Synapse to neuron ratios. J. Comp. Neurol. 227,
305–310.

leier, R., Byne, W., and Siggelkow, I. (1982). Cytoarchitectonic
sexual dimorphisms of the medial preoptic and anterior hypotha-
lamic areas in guinea pig, rat, hamster and mouse. J. Comp. Neurol.
212, 118–130.

rockhaus, H. (1942). Beitrag zur normalen anatomie des hypothal-
amus und der zona incerta beim menschen: Versuch einer ar-
chitektonischen gliederung. J. Psych. Neurol. 51, 96–196.

yne, W. (1998). The medial preoptic and anterior hypothalamic
areas of the rhesus monkey: A comparison with the human and
evidence for sexual dimorphism. Brain Res. 793, 346–350.

Byne, W., and Bleier, R. (1987). Medial preoptic sexual dimorphisms
in the guinea pig. I. An investigation of their hormonal depen-
dence. J. Neurosci. 7, 2688–2696.

Byne, W., Lasco, M. S., Kemether, E., Shinwari, A., Jones, L., and
Tobet, S. (2000). The interstitial nuclei of the human anterior
hypothalamus: Assessment for sexual variation in volume and
neuronal size, density and number. Brain Res. 856, 254–258.

Byne, W., and Parsons, B. (1993). Sexual orientation: The biological
theories reappraised. Arch. Gen. Psychiat. 50, 228–239.

ommins, D., and Yahr, P. (1984). Adult testosterone levels influ-
ence the morphology of a sexually dimorphic area in the Mongo-
lian gerbil brain. J. Comp. Neurol. 224, 132–140.
avis, E. C., Popper, P., and Gorski, R. A. (1996). The role of
apoptosis in sexual differentiation of the rat sexually dimorphic
nucleus of the preoptic area. Brain Res. 734, 10–18.

ox, T. O., Tobet, S. A., and Baum, M. J. (1999). Sex differences in
human brain and behavior. In G. Adelman and B. Smith (Eds.),
Encylcopedia of Neuroscience, 2nd ed. pp. 1845–1849. Elsevier, Am-
sterdam.
orski, R. A., Gordon, J. H., Shryne, J. E., and Southam, A. M. (1978).
Evidence for a morphological sex difference in the medial preop-
tic area of the rat brain. Brain Res. 148, 333–346.
and male sexual orientation. Science 261, 321–327.
ennessey, A. C., Wallen, K., and Edwards, D. A. (1986). Preoptic
lesions increase display of lordosis by male rats. Brain Res. 370,
21–28.
ines, M., Davis, F. C., Coquelin, A., Goy, R. A., and Gorski, R. A.
(1985). Sexually dimorphic regions in the medial preoptic area
and the bed nucleus of the stria terminalis of the guinea pig brain:
A description and an investigation of their relationship to gonadal
steroids in adulthood. J. Neurosci. 5, 40–47.
utton, L. A., Gu, G., and Simerly, R. B. (1998). Development of a
sexually dimorphic projection from the bed nuclei of the stria
terminalis to the anteroventral periventricular nucleus in the rat.
J. Neurosci. 18, 3003–3013.

eVay, S. (1991). A difference in hypothalamic structure between
heterosexual and homosexual men. Science 253, 1034–1037.
ichael, R. T., Gagnon, J. H., Laumann, E. O., and Kolota, G. (1994).
Sex in America: A Definitive Survey. Little, Brown, Boston.

waab, D. F., and Fliers, E. (1985). A sexually dimorphic nucleus in
the human brain. Science 228, 1112–1114.

waab, D. F., Gooren, L. J. G., and Hofman, M. A. (1992). The human
hypothalamus in relation to gender and sexual orientation. Prog.
Brain Res. 93, 205–219.

waab, D. F., and Hoffman, M. A. (1995). Sexual differentiation of
the human hypothalamus in relation to gender and sexual orien-
tation. Trends Neurosci. 18, 264–270.

waab, D. F., and Hofman, M. A. (1988). Sexual differentiation of the
human hypothalamus: Ontogeny of the sexually dimorphic nu-
cleus of the preoptic area. Dev. Brain Res. 44, 314–318.

obet, S. A., Zahniser, D. J., and Baum, M. J. (1986). Differentiation
in male ferrets of a sexually dimorphic nucleus of the preoptic/
anterior hypothalamic area requires prenatal estrogen. Neuroen-
docrinology 44, 229–308.

urner, M., and Greenough, W. T. (1985). Differential rearing effects
on rat visual cortex synapses. I. Synaptic and neuronal density
and synapses per neuron. Brain Res. 329, 195–203.
alker, L. C., Rance, N. E., Price, D. L., and Young, S. W. (1991).
Galanin mRNA in the nucleus basalis of Meynert complex of
baboons and humans. J. Comp. Neurol. 303, 113–120.


	TABLE 1
	FIG. 1
	TABLE 2
	TABLE 3
	FIG. 2
	ACKNOWLEDGMENTS
	REFERENCES

