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Neuroendocrine Response to Estrogen and Sexual Orientation

Abstract. A neuroendocrine component, the positive estrogen feedback effect,
thought to be related to sexual orientation and, indirectly, to sexual differentiation,
was evaluated in healthy, noninstitutionalized research volunteers. Men and women
with a lifelong heterosexual orientation and men with a lifelong homosexual
orientation were administered an estrogen preparation known to enhance the
concentration of luteinizing hormone in women but not in men. The secretory pattern
of luteinizing hormone in the homosexuals in response to estrogen was intermediate
between that of the heterosexual men and that of the women. Furthermore,
testosterone was depressed for a significantly longer period in the homosexual men
than in the heterosexual men. These findings suggest that biological markers for

sexual orientation may exist.

A fundamental question of human psy-
chosexuality is whether there are biolog-
ical influences on sexual behavior and
sexual orientation. Of particular interest
is whether hormonal correlates exist for
the development and expression of pat-
terns of sexual behavior. The results of
previous efforts to relate the plasma con-
centration of androgen (primarily testos-
terone) or estrogen (chiefly estradiol) to
homosexual or heterosexual orientation
were not convincing (/). Currently, a
biological explanation of homosexuality
is being pursued most vigorously in the
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Fig. 1. Changes in LH in response to a single
injection of Premarin. Values are means
+ standard errors (vertical bars). Dashed
lines indicate the 95 percent confidence inter-
val for baseline values for all groups. Group
comparisons: (*) female heterosexuals signifi-
cantly different from male heterosexuals and
homosexuals at all times (P < 0.05, Newman-
Keuls multiple comparison test) and (**) male
homosexuals significantly different from male
heterosexuals at 72 and 96 hours (P < 0.05,
SNK). All groups show a decrease from base-
line at 24 hours.

hypothalamic-pituitary-gonadal axis, a
neuroendocrine system. Presumably the
endocrine responsiveness of this system
is sexually dimorphic, perhaps reflecting
organizing influences of hormones dur-
ing critical periods of sexual differentia-
tion (2). It has been suggested that such
differences in neuroendocrine respon-
siveness are linked to sexual orientation
(3, 4). Because of the importance of
these controversial findings, we mea-
sured the neuroendocrine response to
estrogen administration in men and
women who differ in their sexual orienta-
tion. We found that men declaring a
lifelong homosexual orientation had pat-
terns of luteinizing hormone (LH) and
testosterone secretion in response to es-
trogen that were intermediate between
those of men and women declaring life-
long heterosexual orientation.

During the follicular phase of the men-
strual cycle, increasing concentrations of
estrogen initiate a transient decrease in
LH (negative feedback) that is soon fol-
lowed by a sharp increase in LH (5, 6).
The ability of increased estrogen to en-
hance the release of LH (positive feed-
back) is thought to reflect the adult con-
sequences of hormone-mediated sexual
differentiation. Such an LH response
pattern, typically seen in females, pre-
sumably reflects the ‘‘female’’ differenti-
ation of the brain; the typical absence of
this response in males presumably re-
flects ‘“‘male’” brain differentiation (7).
Exposure to high concentrations of an-

- drogen during a critical period of devel-

opment in males results in a relatively
steady LH secretion pattern. Females,
not ordinarily exposed to such levels of
androgen during this period, secrete LH
in the cyclical pattern related to the
ovulatory cycle. A brief negative feed-
back response of LH to estrogen fol-
lowed by a late rebounding of LH above
pretreatment levels (positive feedback)
was recently used to explore, indirectly,
human sexual differentiation and interre-
lationships of brain function, hormone
responsiveness, and sexual orientation
3, 9.
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Table 1. Plasma concentrations of LH and testosterone in female heterosexuals (FHT), male heterosexuals (MHT), and male homosexuals
(MHS) before and various intervals after administration of Premarin. Values are means * standard errors. Values with different letter
superscripts are significantly different at P < 0.05 (Newman-Keuls multiple comparison test).

Group n Baseline 24 hours 48 hours 72 hours 96 hours
LH (mIU/ml)
FHT 12 8.41 = 1.152 5.88 = 0.72° 9.51 £ 1.45* 16.00 = 2.312 16.87 = 3.60*
MHT 17 7.18 = 0.50* 4.00 + 0.48° 4.34 + 0.46° 5.28 + 0.54° 6.34 = 0.59°
MHS 14 7.28 = 0.61° 4.40 = 0.35° 5.07 = 0.56° 8.03 = 0.91° 10.03 = 0.99¢
Testosterone (ng/ml)
FHT 12 0.57 = 0.03* 0.54 = 0.03* 0.56 = 0.03* 0.61 = 0.03* 0.61 = 0.03*
MHT 17 5.40 = 0.30° 3.21 = 0.30° 3.38 = 0.30° 4.00 = 0.29° '4.33 = 0.26°
MHS 14 5.48 + 0.33° 3.22 £ 0.37° 2.95 + 0.32° 3.31 = 0.26° 3.83 = 0.27°

We selected subjects from volunteers
who met the criteria of good health, no
use of any medications or hormonal
preparations (including oral contracep-
tives) within the past 90 days, and no use
of drugs that affect neuroendocrine fac-
tors (marijuana, excessive alcohol con-
sumption, narcotics, amphetamines, or
barbiturates) (8). Women participated
during the early follicular phase of their
menstrual cycle. All subjects were objec-
tively classified a priori into behaviorally
distinct categories of sexual orientation
(9). We monitored the subjects for
changes in plasma LLH, testosterone, and
estrone in response to a single injection
of the estrogen preparation Premarin (4,
5, 10).

Baseline blood samples were taken
twice daily (1 hour apart between 0800
and 1000 hours) on Friday and the fol-
lowing Monday. After taking the second
sample on Monday, we gave the subjects
intravenous injections of Premarin (25
mg). Additional samples were taken on
the same schedule on each of the next 4
days. The sampling schedule was de-
signed to minimize circadian and ultra-
dian fluctuations in hormone concentra-
tions (/7). Baseline samples from the
first two sampling days (Friday and
Monday) were assayed for LH, testos-
terone, and estrone (/2) and the values
were averaged to yield mean baseline
values for that subject. Similarly, the
samples taken after the Premarin injec-
tions were assayed and both daily values
for each hormone were averaged. Sam-
ples were numbered and were assayed
without knowledge of their origin. All
values for each subject were statistically
analyzed as absolute values or as per-
centages of baseline. Hence, each sub-
ject served as his or her own control.
The baseline values for each hormone
were well within clinically normal limits.

We observed a clear sex difference in
the LH response to Premarin, with fe-
males having an earlier peak of greater
amplitude than all males (Fig. 1). This
sex difference in the LH response to a
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neuroendocrine challenge is a critical
feature in any evaluation of hormone
responsiveness and sexual orientation:
to our knowledge, this is the first simul-
taneous direct comparison of heterosex-
ual and homosexual men with heterosex-
ual women. Mean plasma LH concentra-
tions in the females (n = 12) decreased
to 72 percent of baseline 24 hours after
Premarin treatment and increased sharp-
ly to 122 and 204 percent of baseline by
48 and 72 hours, respectively, leveling
off at 208 percent by 96 hours. This
response pattern is comparable to that
reported in earlier studies of women re-
ceiving similar estrogen treatment (5, 6).

The heterosexual and homosexual
men as a group (n = 31) showed a strik-
ingly different response to Premarin.
With LH initially decreasing to 60 per-
cent of baseline at 24 hours, the men did
not exceed baseline until 96 hours (106
percent). Thus, while baseline values did
not differ according to sex [F(1, 41)
= 1.63, P = 0.21], significant sex differ-
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* *
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Male helevos)exuals

70 -
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T

50
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Baseline T 24 48 72 96

.
Premarin Hours after Premarin
administration

Fig. 2. Changes in testosterone in response to
Premarin. Asterisks indicate significant differ-
ences (P < 0.05, Newman-Keuls multiple
comparison test): (*) female heterosexuals
different from both male groups indicating no
change in testosterone among females and
(**) male heterosexuals different from male
homosexuals at 72 and 96 hours. Values are
means * standard errors. Dashed lines indi-
cate 95 percent confidence interval for base-
line values. Note that only the male groups
show a decrease in testosterone in response to
Premarin.

ences appeared 24 hours (F = 6.62, P =
0.02), 48 hours (F = 20.9, P = 0.001), 72
hours (F = 32.1, P =0.001), and 96
hours (F = 13.3, P = 0.005) after Pre-
marin injection. Table 1 lists the hor-
mone statistics for all groups.

A 3 X 5 analysis of variance for LH
revealed significant effects of group
(F = 10.94, P = 0.002) and day of sam-
ple (F = 29.84, P = 0.001) and a signifi-
cant interaction between them (F =
8.21, P = 0.001). As a result, pairwise
multiple comparisons were performed
and probabilities were corrected for re-
peated testing by using a Student-New-
man-Keuls (SNK) procedure. These
comparisons showed that the females
had significantly higher LH values than
either group of men at all time points
after treatment (P < 0.05).

Post hoc comparisons between the ho-
mosexual and heterosexual men re-
vealed significant differences in their LH
response patterns (Fig. 1 and Table 1).
While these groups did not differ at base-
line or soon after estrogen injection, sig-
nificant differences appeared at 72 and 96
hours (P < 0.05). In addition, the homo-
sexuals at those times had LH values
that were intermediate between those of
the heterosexual men and women
(P < 0.09).

Examination of individual response
patterns showed a greater variability
among the homosexual men than among
the heterosexual men. If we consider a
positive estrogen feedback response of
LH to be a change in LH at 72 or 96
hours that exceeds mean baseline values
for all men by more than 2 standard
deviations, then 9 of the 14 homosexuals
exceeded this criterion, compared to 0 of
the 17 heterosexual men (P = 0.0001,
Fisher’s Exact Test) and 11 of the 12
heterosexual women (89 percent)
(P = 0.104). Note that, while the num-
ber of homosexual men responding is
similar to that of women, the magnitude
of the response is clearly dissimilar (Fig.
1). Comparing a response only 1 stan-
dard deviation above baseline, 11 of the
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homosexual men exceeded this crite-
rion and only one heterosexual man
(P = 0.000044). Hence, although not all
the homosexual men studied showed an
enhanced response of LH to estrogen
compared to the heterosexual men, sig-
nificantly more did.

Testosterone concentrations also dif-
fered in response to Premarin. Women
did not show any significant change
across the test period, whereas both ho-
mosexual and heterosexual men showed
a marked decrease in testosterone imme-
diately after treatment. Testosterone
gradually returned to baseline by 96
hours (Fig. 2 and Table 1). However,
there were significant differences be-
tween the heterosexual and homosexual
men in their response to estrogen. While
baseline testosterone concentrations
were virtually identical for the two
groups (5.40 and 5.48 ng/ml, respective-
ly) and concentrations at 24 and 48 hours
were similarly depressed, at 72 hours the
homosexuals had significantly lower tes-
tosterone levels (60 percent of baseline)
than the heterosexual men (74 percent of
baseline) (P < 0.05, SNK) (Fig. 2 and
Table 1). This difference was also found
at 96 hours (P < 0.05, SNK).

Testosterone concentrations were
slower in returning to baseline in the
homosexual men than in the heterosex-
ual men. Since LH was initially de-
pressed equally in both groups of men
and yet later was higher in the homosex-
ual group, one might expect a corre-
sponding increase in testosterone be-
cause of LH stimulation of testosterone
by the testes (13). That testosterone con-
centrations were depressed in the pres-
ence of elevated LH may reflect ‘‘down-
regulation” of testicular receptors: in-
creased concentrations of LH or human
chorionic gonadotropin may decrease
available LH receptor sites and paradox-
ically temporarily depress testosterone
production (/4). Hence, decreased tes-
tosterone may be a secondary effect of
enhanced LH in these homosexual men.

Estrone concentrations did not differ
in accordance with sexual orientation
among the men at any point in the study.
There was a sex difference: in the fe-
males estrone was significantly higher
than in the men 24 and 48 hours after
injection of Premarin (P < 0.01, SNK).
Presumably this was due to the higher
endogenous level and slower metabolism
of estrone in women. Assays for estrone
confirmed the delivery of estrogens in
the Premarin injections: after 24 hours
plasma estrone was approximately 250
percent of baseline for all men and 350
percent of baseline for women.

None of the males showed a typically
“‘female’” response pattern. Responses

in the women were earlier and of greater
magnitude than those in the men. How-
ever, a differential response pattern was
found among the homosexual men that
suggests a neuroendocrine responsive-
ness intermediate between that of the
heterosexual men and that of the wom-
en. This invites the idea that there may
be physiological developmental compo-
nents in the sexual orientation of some
homosexual men. In addition, an inter-
mediate level of neuroendocrine respon-
siveness to estrogen in some male homo-
sexuals would, in these individuals, con-
stitute a biological marker of their sexual
orientation.

Possible biochemical factors might
have accounted for the different neuro-
endocrine responses of the heterosexual
men and the homosexual men. They may
have differed in their use of drugs known
to affect central nervous system activity
or they may have been differentially
stressed with elevated cortisol in the
homosexual men contributing to de-
pressed testosterone and thus indirectly
elevating LH. However, it is unlikely
that either of these factors influenced our
results. Groups did not differ in reported
substance use (caffeine, nicotine, or al-
cohol). No subject reported use of any
drug known to affect neuroendocrine
factors. As for stress, psychiatric inter-
view of all subjects precluded study of
anyone with significant life stress cir-
cumstances. Furthermore, post hoc as-
say of plasma cortisol did not reveal any
significant differences in baseline values
among groups.

These findings are based on a particu-
lar subset of homosexual men and may
not apply to all male homosexuals. While
recent surveys show that 75 percent of
the male homosexual population claims
to be exclusively homosexual (a Kinsey
rating of 6), the respondents were asked
to describe their orientation and activi-
ties for only the preceding 12 months
(15). According to Kinsey (9), 4 percent
of the male homosexual population meet
criteria for lifelong homosexual orienta-
tion. In our study the two groups of men
were selected such that they represented
the opposite ends of the spectrum of
sexual orientation, in order that any sub-
tle differences in neuroendocrine respon-
siveness might be detected. The homo-
sexual men in this study reported a long-
term pattern of sexual behavior and fan-
tasies involving male partners. Whether
a differential neuroendocrine response is
present in men of less exclusive homo-
sexual orientation is an open question.

Since we may have measured an adult
hormonal correlate of sexual orientation
that is causally independent of sexual
differentiation, a causal relation should

not be inferred. Unknown physiological
factors in the adult may account for the
differential responses of LH and testos-
terone reported here. However, even
though a developmental relation be-
tween neuroendocrine response and sex-
ual orientation is not certain, our find-
ings are not inconsistent with such an
interpretation.

Future investigations should include
larger samples of homosexual and het-
erosexual men and women and transsex-
uals who have not been receiving contra-
sex hormones. Other forms of estrogen,
including long- and short-acting prepara-
tions, may further clarify this neuroen-
docrine response pattern and its relation
to sexual orientation.
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Plasticity of Substance P in Mature and Aged

Sympathetic Neurons in Culture

Abstract. The effect of age on the plasticity of the putative peptide neurotrans-
mitter substance P (SP) was examined in the rat superior cervical sympathetic
ganglion. Explantation of ganglia from 6-month-old rats to serum-supplemented
culture resulted in a tenfold increase in SP concentration, reproducing results
previously obtained for ganglia from neonatal rats. Veratridine prevented the
increase in SP concentration in adult ganglia, and tetrodotoxin blocked the
veratridine effect, suggesting that membrane depolarization and sodium influx
prevented the rise in the SP content of adult ganglia as well as of neonatal ganglia.
However, the time courses of the increase in the amount of the peptide differed in
neonatal and mature ganglia, suggesting that some aspects of regulation may differ
in the two. The effects of aging on neural plasticity were further analyzed by
explanting ganglia from 2-year-old rats. No significant increase in SP concentration
was observed in these ganglia. Remarkable plasticity thus seems to persist in mature
neurons but may be deficient in aged sympathetic neurons.

Evidence indicates that developing neu-
rons are remarkably plastic, altering
transmitter metabolism and even pheno-
typic expression in response to extracel-
lular stimuli (/-3). Sympathetic neurons,
long regarded as noradrenergic, may ex-
press cholinergic characters or the puta-
tive peptide transmitter substance P (SP)
in vivo and in vitro during the neonatal
period (2-5). However, whether trans-
mitter plasticity is restricted to the devel-
oping neuron or whether it persists dur-
ing maturity is unclear (6). Transmitter
plasticity may play a role in the function
of the adult nervous system.

To investigate this issue, we examined
sympathetic neurons in the adult rat su-
perior cervical ganglion (SCG). Details
of the preparation and characteristics of
antiserum to SP as well as the radioim-
munoassay procedure have been de-
scribed (7); the authenticity of immuno-
reactive SP was documented by high-
performance liquid chromatography (3).
Earlier studies have indicated that dener-
vation (decentralization) of the neonatal
rat SCG in vivo or its explantation to
culture (with consequent denervation)
markedly increased the amount of SP in
principal sympathetic neurons (3). To
determine whether explantation also in-
creased SP in the adult rat SCG, we grew
ganglia from 6-month-old rats under a
variety of conditions for 1 week (Fig. 1).
All groups of adult ganglia exhibited at
least an eightfold increase in SP concen-
tration, whether they were cultured in

fully defined or serum-supplemented me-
dium on buffer- or ammonia-reconstitut-
ed collagen (Fig. 1).

Depolarization of neonatal ganglia in
culture is known to prevent the increase
in SP concentration upon explantation
(3). To determine whether depolarization
similarly affects adult ganglia, we ex-
posed explants to the depolarizing agent
veratridine (8). Veratridine exposure
completely blocked the increase of SP
concentration in adult ganglia, reproduc-
ing the effect observed in neonatal gan-
glia (Fig. 2). Moreover, tetrodotoxin,
which prevents the transmembrane sodi-
um influx elicited by veratridine (9, 10),
completely blocked the effect of veratri-
dine (Fig. 2). Thus depolarization with
attendant sodium influx prevented the
increase in SP concentration in mature
ganglia as it did in developing ganglia.

To characterize more fully the regula-
tion of SP concentration in adult ganglia,
we compared the time courses of the
increases of the SP content of adult and
neonatal ganglia. Although both adult
and neonatal ganglia exhibited approxi-
mately tenfold increases in SP concen-
tration after 7 days in culture, the tempo-
ral profiles of these increases differed
markedly. In the neonatal ganglia the
rise in SP concentration began virtually
immediately, attaining a plateau after
only 48 hours in culture (Fig. 3). In
contrast, the amount of SP in adult gan-
glia increased relatively gradually,
reaching only 18 percent of its final con-





