NEWS AND VIEWS

The Neurobiology of Sexual Function

Cindy M. Meston, PhD; Penny F. Frohlich, MA

his article provides a review of the past and current literature on the neurobiology of
sexual function. The influence of endocrine, neurotransmitter, and central nervous sys-
tem influences on male and female sexual function are discussed for sexual desire, arousal,
and orgasm or ejaculation stages of sexual responding. Endocrine factors reviewed in-
clude the following: androgens, estrogens, progesterone, prolactin, oxytocin, cortisol, and phero-
mones. Neurotransmitters and neuropeptides discussed include nitric oxide, serotonin, dopa-
mine, epinephrine, norepinephrine, opioids, acetylcholine, histamine, and y-aminobutyric acid.
Central nervous system influences on sexual function are discussed briefly with reference to brain-
stem regions, the hypothalamus, and the forebrain. Arch Gen Psychiatry. 2000;57:1012-1030

Within the past decade, increasing re-
search attention has been paid to the neu-
robiology of sexual function. This has been
fostered, in part, by a growing awareness
of the deleterious effects of pharmacologi-
cal agents on sexual behavior, by an in-
creased recognition of the high incidence
of sexual difficulties present in men and
women and, most recently, by the enor-
mous success of using sildenifil citrate
(Viagra) for the treatment of male erec-
tile dysfunction. In this article, we provide
a concise review of the past and current
literature on the endocrine, neurotrans-
mitter, and central nervous system (CNS)
influences on male and female sexual func-
tion. We would like to acknowledge the
enormity of the field at the outset, and em-
phasize that this article is meant as a broad
overview of the field. Wherever appli-
cable, within each section, we refer the
readers to more in-depth, specialized re-
views. While the focus of this article is on
human research, in areas such as the brain
localization of sexual function where little
human data exist, we also briefly summa-
rize the findings from the animal litera-
ture (for a more detailed review of the ani-
mal literature in this field, see Pfaus'). One
must, of course, exercise caution when ex-
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tending animal findings to the complex ex-
perience of human sexual function.
Wherever possible in the present re-
view, the effects of endocrine, neurotrans-
mitter, and CNS influences are discussed
separately as they pertain to the sexual re-
sponse phases of desire, arousal, and or-
gasm (including ejaculation in males). This
classification of sexual disorders draws
heavily on Masters and Johnson’s Human
Sexual Response? model and Kaplan’s® tri-
phasic model of sexual response in which
desire, arousal, and orgasm are conceptu-
alized as distinct and sequential phases. In
actual clinical practice, however, sexual de-
sire, arousal, and orgasm difficulties more
often than not coexist—suggesting an in-
tegration of phases, and desire does not
necessarily precede arousal—arousal re-
sponses may also ignite desire (for a re-
view of problems associated with this clas-
sification system in women, see Leiblum*).

STAGES OF HUMAN SEXUAL
RESPONSE

Sexual desire is commonly defined as the
broad interest in sexual objects or expe-
riences. Because there is no objective physi-
ological criterion for desire, it is gener-
ally inferred by self-reported frequency of
sexual thoughts, fantasies, dreams, wishes,
and interest in initiating and/or engaging

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 57, NOV 2000 WWW.ARCHGENPSYCHIATRY.COM

1012

©2000 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Texasat Austin User on 06/08/2016



in sexual experiences. Definition of
this construct is complicated by fac-
tors such as attitudes, opportunity
and/or partner availability, mood,
and health.

Intimately connected with
sexual desire, sexual arousal is de-
fined in both subjective (eg, feeling
sexually excited) and physiological
terms (eg, genital vasocongestion).
Physiological sexual arousal in males
involves the regulation of penile he-
modynamics that is dependent on
signal input from central and pe-
ripheral nervous systems, and on a
complex interplay between neuro-
transmitters, vasoactive agents, and
endocrine factors. Within the pe-
nile sinusoidal tissue is a central ar-
tery and veins that exit and drain the
erectile bodies. The smooth muscles
that line the sinusoidal spaces and
the central artery are tonically con-
tracted during the flaccid state. Erec-
tion begins with smooth muscle re-
laxation mediated by nonadrenergic-
noncholinergic autonomic nerves
that, together with the vascular en-
dothelium, release nitric oxide (NO)
into the corpus cavernosum of the
penis. The second messenger, cy-
clic guanosine monophosphate
(cGMP), mediates the effects of NO
that causes smooth muscle relax-
ation. Smooth muscle relaxation re-
duces vascular resistance and the
erectile bodies fill with blood. Once
the erectile bodies become en-
gorged, the emissary veins are com-
pressed under the tough fibroelas-
tic covering and blood is trapped in
the penis.”> Normally, detumes-
cence occurs with the release of cat-
echolamines during orgasm and
ejaculation. Activation of the sym-
pathetic adrenergic nerves causes the
release of noradrenaline, which acts
on adrenoceptors in the trabecular
smooth muscle of the corpus caver-
nosum and in penile vessels. In ad-
dition to mediating detumescence,
the sympathetic nervous system may
play a role in maintaining a non-
erect state. Centrally, penile erec-
tion is controlled by centers lo-
cated in the thoracolumbar and
lumbosacral regions of the spinal
cord. Erections are elicited in a va-
riety of physiological contexts via in-
formation sent from the periphery
and supraspinal nuclei to these cen-
ters. The locus ceruleus (located in

the pons) sends noradrenergic fi-
bers to the forebrain and spinal cord,
including those areas controlling
erection (for a review of male sexual
physiology, see Creed et al®).

Physiological sexual arousal in
women begins with increased clito-
ral length and diameter, and vaso-
congestion of the vagina, vulva,
clitoris, uterus, and possibly the ure-
thra. Comparable to the penis, the
corpora cavernosa of the clitoris con-
sist of a fibroelastic network and
bundles of trabecular smooth
muscle. Pelvic nerve stimulation re-
sults in clitoral smooth muscle re-
laxation and arterial smooth muscle
dilation. With sexual arousal, there
is an increase in clitoral cavernosal
artery inflow and an increase in
clitoral intracavernous pressure that
leads to tumescence and extrusion
of the clitoris. Engorgement of the
genital vascular network increases
pressure inside the vaginal capillar-
ies and results in lubrication of the
epithelial surface of the vaginal wall.
The neurotransmitters that medi-
ate clitoral and arterial smooth
muscle dilation remain undeter-
mined. Recent animal studies sug-
gest that adrenergic nerves induce
contraction and a-adrenergic recep-
tors mediate contraction in both clit-
oral cavernosal and vaginal tissue
(for a review of female sexual physi-
ology, see Levin’). Preliminary stud-
ies suggest that NO may play an im-
portant role in relaxing clitoral
corpus cavernosum smooth muscle,
and vasoactive intestinal peptide may
play an important role in the relax-
ation of vaginal tissue.®

In males and females, orgasm
is characterized by a peak in sexual
pleasure that is accompanied by
rhythmic contractions of the geni-
tal and reproductive organs, cardio-
vascular and respiratory changes,
and a release of sexual tension. In
men, during the emission stage of or-
gasm that is believed to be under
thoracolumbar control, seminal fluid
is propelled into the bulbar urethra
via the release of norepinephrine that
acts on a-adrenergic receptors, the
smooth muscles of the vas defer-
ens, prostate, and seminal vessels.
During the ejaculatory phase, which
is mediated by a sacral spinal re-
flex, semen is released through the
urethra via contractions of the stri-

ated muscles that surround the bul-
bar urethra.” The extent to which
central neurophysiological events are
related to the intensity or experi-
ence of orgasm is unknown. While
orgasm is generally the result of both
genital and psychological stimula-
tion, evidence suggests central
stimulation alone may trigger or-
gasm.’

SEX RESEARCH METHODS

Insight into the neurobiology of
sexual function comes from 3 prin-
cipal research methods: (1) animal
studies, (2) human studies involv-
ing laboratory manipulations of
sexual responding, and (3) clinical
reports of sexual dysfunction sec-
ondary to drug treatment or dis-
ease. In male mammals, behavioral
indexes of sexual initiation, main-
tenance, efficacy, ejaculation la-
tency and intervals, and reinitiat-
ing mating after ejaculation serve as
models for sexual interest, arousal,
orgasm, and refractory periods, re-
spectively, in human males. In fe-
male mammals, the most fre-
quently studied sexual behavior is
the lordosis response—a spinal re-
flex in response to a male’s attempt
to mate. It is unclear how lordosis
responding might reflect the hu-
man female sexual response, and
whether it even provides an appro-
priate model for studying female
sexuality. Other measures of sexual
behavior in female mammals such
as ear wiggling and rejection behav-
iors all reflect sexual interest or mo-
tivation. There is no appropriate ani-
mal model for female sexual arousal
or orgasm. Also limiting the gener-
alizability of animal studies is the fact
that cognitive aspects of sexuality
(eg, fantasy) are more likely to play
an important role in human sexu-
ality than in other species.
Laboratory studies of sexual re-
sponding focus primarily on sexual
arousal. In males, erectile re-
sponses are most commonly mea-
sured in response to visual stimuli
using a mechanical strain gauge that
measures changes in penile tumes-
cence via an increase in penile cir-
cumference. No information is pro-
vided regarding the firmness or
rigidity of erection with this de-
vice. The device consists of 2 arcs of
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surgical spring material with a pair
of mechanical strain gauges at the
junction. Increases in penile circum-
ference cause a flexing of the gauges
and a corresponding change in re-
sistance. The device is simple to use,
reliable, and relatively unobtrusive
(for areview of the techniques used
to measure male sexual arousal, see
Rosen and Beck'?).

Assessment of physiological
sexual arousal in women relies pri-
marily on indirect measurement of
vaginal blood flow (direct assess-
ment of vasocongestion is too inva-
sive a technique to be used with hu-
man subjects) and includes vaginal
photoplethysmography, indirect
measures of heat dissipation, and
pulsed wave Doppler ultrasonogra-
phy. The most frequently studied of
these techniques is vaginal photo-
plethysmography. The vaginal pho-
toplethysmograph is a clear acrylic,
tampon-shaped device that con-
tains either an incandescent light
source, or an infrared light-emitting
diode as a light source and a photo-
sensitive light detector. The light
source illuminates the capillary bed
of the vaginal wall, and the photo
transistor detects the light that is re-
flected back from the vaginal wall and
the blood circulating within it (for a
review of the techniques used to mea-
sure female sexual arousal, see
Meston'!). A recurrent issue with this
measurement technique in women is
the low correlation between psycho-
physiological measures and verbal re-
ports of sexual arousal (eg, Meston
and Gorzalka'*"?). This contrasts
findings reported in men that usu-
ally indicate a high positive corre-
spondence between penile photo-
plethysmography and subjective
reports of sexual arousal. It is un-
clear whether this desynchrony be-
tween responses in women reflects an
inability of women to detect subtle
changes in vaginal blood flow, or
whether women estimate the de-
gree to which they are subjectively
aroused according to standards other
than genital blood flow changes. That
is, for women, external stimulus in-
formation may play a more impor-
tant role in assessing feelings of sexual
arousal than do internal, physiologi-
cal cues.

Until recently, laboratory stud-
ies of centrally mediated sexual be-

havior were limited by techniques that
were either too crude or too invasive
for use with humans. Consequently,
most of our knowledge in this re-
gard comes from animal studies.
Functional brain imaging tech-
niques such as positron emission to-
mography have only begun to be ap-
plied to the field of human sexuality.

Reports on the sexual conse-
quences of pharmacological treat-
ment or disease provide an indirect
means for generating hypotheses
about the pathways involved in hu-
man sexuality. This method is lim-
ited by a general lack of controlled
inquiry, and the various concerns as-
sociated with self-report measures of
sexuality (eg, response biases)(for re-
view, see Meston et al'*).

ENDOCRINE FACTORS
Androgens

In men, numerous studies have
shown that withdrawal of exog-
enous testosterone in hypogonadal
or castrated men causes a rapid and
marked decrease in sexual interest
and activity that is reinstated in a few
weeks with testosterone replace-
ment therapy.’>'” One study'® that
differentiated between hypergonado-
tropic and hypogonadotropic hypo-
gonadal males found long-term tes-
tosterone treatment to be more
beneficial for enhancing the subjec-
tive quality of sexual acts, sexual
excitement, and frequency of sexual
thoughts among males with hy-
pergonadotropic hypogonadism.
In adolescent boys, levels of free
testosterone have been shown to
predict the frequency of sexual
thoughts'** and monthly mea-
sures of salivary testosterone have
been positively correlated with the
initiation and rate of sexual inter-
course.? It is possible that in this lat-
ter study increased intercourse fre-
quency may have caused the increase
in the testosterone level. In normal
adult males there exists wide indi-
vidual variability in circulating tes-
tosterone levels that do not seem to
be linked in any meaningful way
with individual differences in lev-
els of drive or sexual behavior.** It
is believed that the level of testos-
terone required for sexual interest
and activity in adult males is lower

than normal males’ circulating lev-
els of testosterone. Consequently,
variability in testosterone levels
above this threshold level, or exog-
enously induced testosterone
changes above this level, would not
be expected to influence sexual in-
terest or behavior.? In aging males,
androgen dehydroepiandrosterone
has been publicized to increase
sexual and overall well-being. Find-
ings from a recent well-controlled,
double-blind study, however, found
only minimal beneficial effects on
sexual function.?

Testosterone has been shown to
restore nocturnal penile tumescence
responses in hypogonadal men with
impaired nocturnal penile tumes-
cence.” It is unclear whether testos-
terone also influences erectile re-
sponses to external stimuli. A recent
study?’ showed testosterone in-
creased sexual arousal and enjoy-
ment among hypogonadal and nor-
mal men, and had a positive effect on
mood only among men with abnor-
mally low testosterone levels. Other
studies have found testosterone does
not significantly influence erectile re-
sponses to erotic stimuli among hy-
pogonadal men, nor do erectile re-
sponses differ significantly between
hypogonadal and normal men.'®**2
Among males with normal testoster-
one levels, testosterone has not been
shown to facilitate erection.”’

In an early study of women who
had undergone bilateral oophorec-
tomy and adrenalectomy,?® re-
moval of the ovaries decreased
sexual desire to a certain extent, but
removal of the adrenal glands had an
even more deleterious effect on
sexual desire. The findings from this
and similar studies conducted in pa-
tients with cancer” and patients with
polycystic ovaries™ are limited by the
unique characteristics of the pa-
tients and by the anecdotal and un-
controlled nature of the reports.®
Studies of surgically menopausal
women generally indicate that de-
sire drops from presurgery levels*
and may be restored with exog-
enous administration of supraphysi-
ological levels of testosterone with
or without estradiol.*>?* Consis-
tent with these findings, Sherwin®
found that sexual desire, arousal, and
fantasies in oophorectomized
women were higher among those
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women who had high vs low ratios
of total testosterone-sex hormone—
binding globulin. With natural
menopause, androgen levels are
positively correlated with sexual in-
terest.’>?° Testosterone administra-
tion to female-to-male transsexuals
and androgen deprivation in male-
to-female transsexuals®” also sup-
port the notion that androgenic hor-
mones play an important role in the
sexual desire of males and females.
Studies on the relation between
testosterone level and sexual desire in
premenopausal, healthy women have
rendered somewhat inconsistent re-
sults. Persky et al*® noted a relation
between midcycle testosterone lev-
els and intercourse frequency. Ban-
croft et al*® reported a relationship
between testosterone levels and mas-
turbation but not intercourse fre-
quency, and Udry et al* reported a re-
lationship between testosterone levels
and sexual interest among adoles-
cents but found that peer relation-
ships were a more important deter-
minant of sexual behavior. Halpern
et al* also reported a significant re-
lationship between adolescent fe-
males’ testosterone levels and initia-
tion of coitus. While sexual desire is
influenced by androgen levels in
women, androgens alone are not suf-
ficient for the experience of sexual de-
sire. This is evident from studies that
have failed to find significant differ-
ences in testosterone levels between
women with and without clinically di-
agnosed hypoactive sexual desire dis-
order *'*** and from studies that show
androgen antagonists and oral con-
traceptives do not consistently sup-
press libido in women.* Testoster-
one treatment seems to be useful in
facilitating sexual desire in a subset
of women with hypoactive sexual de-
sire, but it requires safety monitor-
ing for potential lipoprotein changes,
cardiovascular effects, and andro-
genic skin changes (eg, acne, hirsut-
ism, or androgenic alopecia).®
With regard to testosterone’s af-
fect on sexual arousal, Schreiner-
Engel et al** found higher levels of
vaginal blood flow responses to erotic
stimuli among women with high vs
lower levels of circulating testoster-
one. Also using psychophysiological
techniques, Meuwissen and Over®
failed to find menstrual cycle-
related changes in physiological

sexual arousal, and Schreiner-Engel
et al*® found menstrual cycle—
related changes in physiological
sexual arousal unrelated to gonadal
hormone variations. Two recent psy-
chophysiological studies examined
the effects of exogenous dehydroepi-
androsterone administration on sub-
jective and vaginal blood flow
measures of sexual arousal in pre-
menopausal*” and postmeno-
pausal® women. Neither study found
asignificant difference in physiologi-
cal sexual arousal with acute dehy-
droepiandrosterone vs placebo ad-
ministration. The study conducted in
postmenopausal women* did, how-
ever, note a significant increase in sub-
jective ratings of sexual arousal with
dehydroepiandrosterone administra-
tion.

Estrogens

Most research suggests that estro-
gens have little direct influence on
sexual desire in either males or fe-
males. In men, relatively high levels
of exogenous estrogen have been
somewhat effective in inhibiting
sexual desire among sex offenders
and men who experience uncontrol-
lable sexual urges.*~! In women,
some early studies have claimed that
estrogen (especially estradiol) is im-
portant for normal sexual desire,* but
most researchers agree that estro-
gens play only a minimal role in fe-
male sexual desire. For example,
Schreiner-Engel et al*! found no sig-
nificant differences in estrogen lev-
els between women with and with-
out clinically diagnosed hypoactive
sexual desire; Dennerstein et al>?
found fluctuations in sexual desire
across the menstrual cycle to be
unrelated to estrogen levels; Ab-
planalp etal®* found no significant re-
lationship between estradiol levels
and enjoyment of heterosexual ac-
tivity or number of heterosexual ac-
tivities; and an abundance of stud-
ies have reported no change in sexual
desire secondary to exogenous estro-
genic compounds given to women
with a variety of gynecological dis-
orders™® (but see also Dennerstein
and Burrows’?and Dennerstein et
al®®). Moreover, while administra-
tion of both estrogen and androgen
to natural or surgically menopausal
women has been shown to restore

levels of sexual desire, estrogen treat-
ments alone have generally not
shown to be successful >+

Estrogen deficiency, as occurs
with menopause, causes a decrease in
genital vasocongestion and lubrica-
tion and atrophy of the vaginal epi-
thelium. Such changes not only im-
pair the physiological sexual arousal
response in women and may cause
dyspareunia (pain during inter-
course), but can adversely influence
the psychological experience of sexual
arousal. Together with changes in
mood that frequently accompany es-
trogen loss, these changes could be
expected to indirectly impair sexual
desire. In such cases estrogen replace-
ment therapy has been shown to ef-
fectively restore vaginal lubrication
and consequently enhance sexual de-
sire and satisfaction.®

Progesterone

Little research has examined the ef-
fects of progesterone on male sexu-
ality. One early study®® noted a de-
crease in sexual “libido” in 4 men
receiving intramuscular progester-
one treatment, and other early stud-
ies® have used progesterone treat-
ment to reduce excessive sexual
desire in men. To our knowledge, no
controlled studies have been con-
ducted on the relation between pro-
gesterone treatment and sexual de-
sire in men.

Certain oral contraceptives that
increase progesterone levels through-
out the female cycle have been asso-
ciated with decreased sexual interest
and desire®*® (but see also McCul-
lough®”) as have subfascially im-
planted progesterone pills that are
used to treat various gynecological
disorders.® However, an early study
by Bakke® found estrogen and pro-
gesterone treatment enhanced sexual
desire among hysterectomized, meno-
pausal women to a greater extent than
did estrogen alone. It is generally
agreed on, however, that progester-
one treatment does not have a sub-
stantial influence on the sexual de-
sire of either premenopausal**"*"! or
postmenopausal®*¥*2%7276 women.

Prolactin

Men and women with abnormally
high levels of prolactin frequently re-
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port a decrease in sexual interest that
is restored with bromocriptine treat-
ment, a dopamine agonist that low-
ers prolactin levels’”#* (but see also
Franks et al*’ and Koppelman et al*).
It is unclear whether the reversal of
sexual symptoms secondary to bro-
mocriptine treatment is attribut-
able to the lowering of serum pro-
lactin levels, to the correction of
hypothalamic dopaminergic dys-
regulation, or to an interaction be-
tween these 2 mechanisms.® Other
evidence for an inhibitory influ-
ence of prolactin on sexual desire in
women comes from a limited num-
ber of studies that have found lac-
tating women (who have naturally
increased levels of prolactin) re-
port decreased sexual desire com-
pared with prepregnancy levels.®
Such findings could of course be the
result of numerous other psycho-
logical factors associated with post-
partum changes. Indeed, a number
of studies have associated high lev-
els of prolactin with mood distur-
bances including anxiety and de-
pression”*®” (but see also Waterman
et al®).

Prolactin’s effect on other as-
pects of human sexual behavior re-
mains equivocal. Erectile dysfunc-
tion has been described in men with
abnormally high levels of prolac-
tin,*-°2 but has also been described
in men with unusually low levels of
prolactin,” suggesting more than a
simple inhibitory role of prolactin on
erectile ability. In women, abnor-
mally high levels of prolactin have
been associated with amenorrhea, in-
fertility, and decreased sexual activ-
ity (for review, see Muller et al®*).
The affect of prolactin on sexual
arousal may occur peripherally, cen-
trally (given its ability to enter into
cerebrospinal fluid), or via dopa-
minergic regulation.” Animal stud-
ies indicate that prolactin has an
overall inhibitory influence on male
and, although less well docu-
mented, female sexual behavior, al-
though short-term hyperprolac-
tinemia seems to facilitate some
aspects of sexual behavior in male
rats (for review, see Drago”).

A number of studies in human
males have found prolactin levels
to either decrease immediately fol-
lowing sexual arousal,’”° or to
remain unchanged after film-

induced sexual arousal, masturba-
tion, or coitus.!®1%* A number of
methodological differences between
studies such as the sexual stimuli
used and the time point at which
blood assays were taken could pos-
sibly explain these discrepant find-
ings. Using a more precise continu-
ous blood sampling and endocrine
assessment technique, the prolactin
level was shown to substantially
increase during masturbation-
induced sexual arousal in men.'®
In women, Exton et al® reported a
significant and 2-fold increase in
prolactin levels in women following
orgasm that remained elevated
when measured 60 minutes after
sexual arousal.

Oxytocin

Circulating levels of the neuropep-
tide hormone oxytocin increase dur-
ing sexual arousal and orgasm in
both men and women.'**!'% Using a
continuous blood sampling tech-
nique and anal electromyography,
Carmichael et al'” reported a posi-
tive correlation between oxytocin
levels and the intensity, but not du-
ration, of orgasmic contractions in
males and females. For multiorgas-
mic women, the amount of oxyto-
cin level increase also correlated
positively with subjective reports of
orgasm intensity. In a few case re-
ports a synthetic form of oxytocin
used to facilitate breastfeeding was
linked to increased sexual desire and
vaginal lubrication."!®!'" A recent
study conducted by Turner et al'?
found a positive relationship be-
tween plasma oxytocin levels and
measures of positive affect. To the
extent that positive mood and sexual
interest may be related, oxytocin
may play an indirect role in sexual
desire.

Most of what we know about
the influence of oxytocin on sexual
behavior, however, is based on ani-
mal studies. In male animals, oxy-
tocin facilitates penile erections
when injected into specific areas of
the brain (ie, periventricular nucleus
of the hypothalamus), and short-
ens the ejaculation latency and
postejaculation interval when in-
jected either centrally or peripher-
ally (for review see Carter'*?). In fe-
male animals, oxytocin injected

either centrally or peripherally has
also been shown to facilitate sexual
behavior, as measured by increases
in lordosis responding.'”* Perhaps
the best-known roles of oxytocin are
related to maternal behaviors,
namely, parturition, milk ejection
and lactation, and possibly mater-
nal bonding.'"

Cortisol

Hypercortisolism, also known as
Cushing syndrome, can produce a
constellation of symptoms includ-
ing depression, insomnia, and
decreased libido in males and
females.!**!!7 This syndrome is
associated with increased cortico-
tropin levels, and symptom severity
is most severe when corticotropin
and cortisol levels are high''* and
less severe when cortisol levels are
high but corticotropin levels are
low.'> Some evidence suggests that
this pattern of abnormal regulation
of corticotropin and cortisol levels,
and the resulting symptoms, may
be the result of hypersecretion of
corticotropin-releasing hormone.
Depression, like Cushing syn-
drome, is associated with both
overactivity of cortisol and loss of
libido. 6118

Blood cortisol levels, drawn
continuously while subjects viewed an
erotic film, did not significantly change
inmale and female subjects during ei-
ther arousal or orgasm,”>100:105.119.120
Cortisol levels were higherin men with
psychogenic erectile dysfunction who
demonstrated a poor response to in-
tracavernosal injection of a smooth
muscle relaxant. These menalso scored
higher on measures of anxiety.'?!

Pheromones

Pheromones are substances se-
creted from glands at the anus, uri-
nary outlet, breasts, and mouth.'?
In nonhuman mammals, a special-
ized olfactory structure, the vom-
eronasal organ, acts as the ana-
tomic locus for pheromonal signals.
The vomeronasal organ has been
identified in humans,'?* but, to date,
there have been no human studies
linking behavioral change and
stimulation of vomeronasal organ re-
ceptors. Most of the research on
pheromones and sexuality in hu-
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mans has centered on female repro-
ductive cycle influences. For ex-
ample, menstrual synchrony has
been demonstrated among women
living together,'** and menstrual
cycle regularity'*1?” and increased
estrogen levels during the luteal
phase'*®!?® have been noted among
women with frequent sexual expo-
sure to men. In a recent double-
blind, placebo-controlled study, Cut-
ler et al'® reported that men exposed
to a synthesized human male phero-
mone reported higher levels of
sexual intercourse, sleeping with a
romantic partner, and petting/
affection/kissing, but no change in
masturbation frequency. The au-
thors interpreted these findings as
evidence for male pheromones in-
creasing the sexual attractiveness of
men to women.

Table 1 summarizes the en-
docrine factors and sexual function
in males and females.

NEUROTRANSMITTERS
AND NEUROPEPTIDES

Nitric Oxide

Nitric oxide is an essential compo-
nent in the production of penile, and
possibly, clitoral vasocongestion and
tumescence. Sexual stimulation leads
to NO production that in turn stimu-
lates the release of guanylate cy-
clase. Guanylate cyclase converts
guanosine triphosphate to cGMP
and cGMP produces relaxation of the
smooth muscles of the penile arter-
ies and corpus cavernosum result-
ing in increased blood flow into the
penis.?*1! Some evidence suggests
that this may also occur in the cli-
toris. Immunohistochemical evalu-
ation of the human clitoris re-
vealed that NO is produced in this
tissue'*? and, with the exception that
the clitoris does not contain a sub-
albugineal layer (which contrib-
utes to the rigidity of the penis), the
anatomy of the clitoris is similar to
that of the penis.’>

Normally, cGMP is metabo-
lized by cyclic nucleotide phospho-
diesterase isozymes into guanosine
5’-monophosphate. As long as sexual
stimulation continues, cGMP pro-
duction and metabolism remain bal-
anced and penile or clitoral tumes-
cence is sustained.**!3> Erectile

dysfunction can result when this pro-
cess is not working normally or when
it is partially or completely dis-
rupted. Sildenafil, a drug designed to
treat erectile difficulties, prolongs the
action of cGMP by inhibiting the me-
tabolism of cGMP by phosphodies-
terase type 5.°° Numerous well-
controlled studies have reported that
sildenafil is well tolerated and effec-
tive in alleviating erectile dysfunc-
tion resulting from organic, psycho-
genic, and mixed causes. "%

Sildenafil has not yet been ap-
proved for women by the Food and
Drug Administration. Sildenafil is ef-
fective in inhibiting the metabolism
of cGMP in clitoral tissue.'** Prelimi-
nary findings from a double-blind,
placebo-controlled, 2-way cross-
over study showed a significant in-
crease in vaginal pulse amplitude (ie,
a measure of moment-to-moment
changes in vasocongestion) with a
single dose of sildenafil citrate (50
mg) among 12 sexually functional
women. Subjective reports of sexual
arousal were not significantly al-
tered with sildenafil treatment in this
study.'* Some studies have found
sildenafil treatment reverses antide-
pressant-induced sexual dysfunc-
tion in women.'*1* A recent 12-
week study conducted internationally
in 577 primarily premenopausal
women with female sexual arousal
dysfunction found 30% to 50% of the
women taking sildenafil reported an
increase in sexual function com-
pared with 43% of the women who
received placebo.'* In an open-
label, nonrandomized 12-week study
conducted among 33 sexually dys-
functional, postmenopausal women,
receiving sildenafil showed a signifi-
cant therapeutic response in only 6
women.'°

The Figure summarizes pro-
cess that leads to penile and clitoral
tumescence.

Serotonin

A variety of psychoactive medica-
tions that affect serotonin activity
produce sexual side effects, but
many of these drugs are not spe-
cific to serotonin (eg, monoamine
oxidase inhibitors and atypical
antipsychotics).!?"1°? Selective
serotonin reuptake inhibitors
(SSRIs), as the name indicates, act

to specifically increase serotonin
activity and they are also associ-
ated with sexual side effects such
as decreased libido and impaired
ejaculation (for review, see Rosen
et al'’). Indeed, depending on the
study, between 2% and 75% of
patients prescribed SSRIs report
sexual side effects"'>*1°8 that are
often alleviated by reducing the
dosage.™

It is not known why SSRIs pro-
duce sexual side effects but some evi-
dence suggests that activation of the
serotonin, receptor impairs sexual
functioning and stimulation of the
serotonin, , receptor facilitates sexual
functioning. Cyproheptadine re-
duces activity at postsynaptic sero-
tonin receptors such as the seroto-
nin, receptor and has been reported
to reduce antidepressant-induced
sexual side effects.'®® Cyprohepta-
dine also affects the activity of the
other monoamines making it diffi-
cult to determine whether the re-
versal of sexual side effects results
from activity on the serotonin re-
ceptors or on the receptors of other
monoamines. Nefazodone is a se-
lective serotonin reuptake inhibi-
tor as well as a serotonin, receptor
antagonist'® and reportedly causes
fewer sexual side effects compared
with traditional SSRIs.!>*138.162.163 T¢
is believed that nefazodone pro-
duces both a reduction in number
and a down-regulation of seroto-
nin, receptors as well as an up-
regulation of serotonin;, recep-
tors.'®! Some evidence suggests that
the serotonin,, agonist, buspirone,
may be useful in reversing SSRI-
induced sexual dysfunction!®* al-
though findings as to its effective-
ness have been mixed.'®”

Studies conducted on male rats
suggest that activation of some se-
rotonin receptor subtypes facili-
tates sexual behavior while activa-
tion of other receptor subtypes
inhibits sexual behavior. Specifi-
cally, activation of the serotonin; , re-
ceptor lowers the threshold for
ejaculation and antagonism of the se-
rotonin, receptor inhibits sexual be-
haviors (such as mounting), while
activation of the serotonin;; and
serotonin, ¢ receptors inhibits sexual
behaviors.'®

A previous review of the hu-
man and animal literature suggests
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Table 1. Endocrine Factors and Sexual Function in Males and Females*
Males Females
I 11 1
Changein  Change Change in  Change
Hormone  in Sexual Population Sampled/ Hormone in Sexual Population Sampled/
Hormone Level Functioning Study Details Level  Functioning Study Details
Testosterone
Sexual desire 1 1 Transexuals male — female®” 1 1 Naturally menopausal®>%
1 1 Hypogonadal or castrated'"” 1 1 Surgically menopausal®*
1 1 Adolescent boys'9? 1 0 Intercourse frequency in normal women®®
1 0 Normal range testosterone levels? 1 1 Initiating intercourse in adolescent females*!
! ! Hypogonadal or castrated'® 1 1 Masturbation frequency in normal women3?
1 (Chronic) 1 Hypergonadotropic or hypergonadal'® 1 0 Intercourse frequency in normal women3?
t (DHEA) 0 Aging males? ! ! Oophorectomy; adrenalectomy?®323
! ! Transexuals male — female®”
0 1 Hypoactive sexual desire disorder vs normal
no difference in testosterone levels®'#
Sexual arousal 1 1 Nocturnal penile 1 1 Vaginal blood flow in normal women*
tumescence—hypogonadal?
1 0 Erotic stimuli—hypogonadal'®2+2 1 t Subjective arousal to films with
DHEA—postmenopausal*®
1 1 Erotic stimuli—hypogonadal or 1 0 Subjective arousal to films with
normal? DHEA—premenopausal*’
1 0 Physiological arousal to films with
DHEA—premenopausal and
postmenopausal*’:#¢
Estrogen
Sexual desire 1 0 Normal males?” 1 0 Normal women?®2
1 ! Sex offenders**! 1 0 Menopausal women34%
1 0 Miscellaneous gynecological disorders®-5
0 Tl Hypoactive sexual desire disorder vs
normal®'
Sexual arousal ! 1 Menopausal®'
1 1 HRT—menopausal®’
Progesterone
Sexual desire 1 ! Intramuscular injections in normal 1 1 Subfascially implanted progesterone pill
subjects® userss®
i ! Hyperactive sexual desire® 1 1 Contraceptive users®
1 1 Hysterectomized, menopausal®®
1 0 Premenopausal*¢-®"!
1 0 Postmenopausal®?33°67276
Prolactin
Sexual desire 1 ! Hyperprolactemia’’-82 1 Hyperprolactemia’’-#
! 1 Bromocriptine treatment for 1 Sexual activity in hyperprolactemia®
hyperprolactemia’”-$2
1 ! Lactating women®®
! 1 Bromocriptine treatment for
hyperprolactemia’”-$2
Sexual arousal 1 ! Hyperprolactemia®-%
1 1 During masturbation'®
1 ! Hypoprolactemia®®
! 1 Postarousal from masturbation or
coitus®°
0 1 Postarousal from masturbation or
Coitus100—104
Orgasm 1 1 Following orgasm in normal women®
Oxytocin
Sexual desire ... ... ... 1 1 Breast feeding'® "
Sexual arousal 1 1 Normal men'%-1%8 1 1 Normal women'%-108
1 1 Breast feeding!®!"
Orgasm 0 1 Normal men'%-108 1 0 Normal women'%-108
1 1 Intensity of orgasm'”” 1 1 Intensity of orgasm'”’
Cortisol
Sexual desire 1 ! Cushing syndrome+"17 1 1 Cushing syndrome'+17
Sexual arousal 0 1 Normal men100105.19:120 0 1 Normal women®-1
1 ! Psychogenic erectile dysfunction,
poor responders to ICI'™!
Orgasm 0 1 Normal men'2 0 1 Normal women®
Pheromones
Sexual attractiveness i 1 Normal men'?®

*1 indicates increase; | , decrease; 0, no change; DHEA, dehydroepiandrosterone; ellipsis, not applicable; HRT, hormone replacement therapy; and ICI, intracavernous

injection.
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that some sexual side effects of
SSRIs may result from serotonin’s
actions in the periphery of the body
rather than the CNS.'*" Approxi-
mately 95% of serotonin receptors
are located in the periphery of the
body and peripheral serotonin acts
on the smooth muscles of the vas-
cular system to produce vasodila-
tion and vasoconstriction, acts on the
smooth muscles in the genitals, and
is active in peripheral nerve func-
tions including those of the sexual
organs.

Recent studies indicate that
SSRIs may be a useful treatment for
premature ejaculation. Paroxetine,
sertraline, and fluoxetine!®®17> have
all been found effective in increas-
ing the latency to orgasm from less
than 1 minute to between 2 and
6 minutes. The increase in ejacu-
lation latency is dose dependent
although at higher doses the like-
lihood of an ejaculation also in-
creases.'” A study comparing men
with ejaculation latencies of less than
1 minute to men with ejaculation la-
tencies of greater than 1 minute
found that paroxetine treatment in-
creased the ejaculation latency 420%
and 480%, respectively, suggesting
that the paroxetine-induced delay in
ejaculation is a function of baseline
latency.'”

Side effects such as decreased
libido, delayed orgasm, and anor-
gasmia have been reported with
monoamine oxidase inhibitor and
SSRI use in women. "3 Women
also experience lower rates of sexual
dysfunction when taking nefaz-
odone as compared with more tra-
ditional SSRIs such as parox-
etine.!>*158163 Cyproheptadine, a
serotonin, antagonist, has been ef-
fective in alleviating antidepressant-
induced anorgasmia'® but can pro-
duce a reversal in depressive
symptoms.'”® A prospective study
examining 344 male and female out-
patients found that SSRI-induced
sexual dysfunction was more se-
vere in women than in men.'”> Ani-
mal studies have conflicting find-
ings with some studies reporting that
serotonin antagonists and agonists
inhibit lordosis in female rats'’’-!82
while others report that serotonin
agonists facilitate lordosis.'®'% En-
dogenous serotonin levels increase
during proestrus, the time when fe-

Sexual Stimulation

Nitric Oxide Synthesized in
Nerve and Vascular Tissue
of Penis or Clitoris

Nitric Oxide Activates GTP ‘

GTP O GMP ‘

cGMP Metabolized Into

cGMP Relaxes Smooth Muscles
of the Corpus Cavernosum
and Arterioles in Penile or
Clitoral Tissues

v

Vasocongestion of Penile
or Clitoral Tissues

GMP by cGMP PDE5

Sildenafil Citrate
Inhibits cGMP PDE5

Sexual stimulation leads to the production of nitric oxide which in turn stimulates a cascade of events
that, providing normal functioning, leads to penile and clitoral tumescence. Erectile dysfunction, and
possibly female sexual arousal dysfunction, can be treated with a medication such as sildenafil (Viagra)
that facilitates and/or prolongs penile or clitoral tumescence by inhibiting the metabolism of cyclic
guanosine monophosphate (cGMP). GTP indicates guanosine triphosphate; PDE, phosphodiesterase;

and PDES5, phosphodiesterase type 5.

male rats become sexually recep-
tive.!®

Dopamine

Antiparkinsonian medications (eg,
apomorphine hydrochloride, le-
vodopa) act as dopamine agonists and
have been reported to increase sexual
desire'®!7 (such cases occur in <1%
of patients'®®; for a thorough review
of dopamine and sexual behavior, see
Melis and Argiolas'®). Animal stud-
ies generally support this notion. Do-
pamine agonists, such as apomor-
phine, LY 163502, and RDS-127,
increase mounting behavior'**!*> and
cause an increase in sexual behavior
in sexually satiated male rats.'”
Several reports indicate that the
parkinsonian medication, le-
vodopa, produces erection.'**!% The
D, and D, dopamine agonist, apo-
morphine facilitates erection in men
with normal erectile capacity.'”* As
noted earlier, bromocriptine, which
decreases prolactin levels and is also
a long-acting dopamine agonist, fa-
cilitates erectile functioning. Anti-
psychotic medications, which tend to
decrease dopaminergic activity, have
been reported to both impair erec-
tion?**2% and produce prolonged
erections (priapism).?%2 A dopa-
mine-induced erection was antago-
nized by the antipsychotic, haloperi-

dol, which antagonizes the D,
receptor.”'® In male rats, the dopa-
mine agonists apomorphine, LY
163502, and RDS-127, decrease the
latency to ejaculation.’®'* The de-
gree to which dopamine agonists af-
fect sexual behavior seems to be de-
pendent on both drug dose and the
amount of time between drug intro-
duction and behavioral observa-
tion, although small doses of dopa-
mine agonists have been reported to
delay ejaculation.'®*!*2

Few articles have reported the
role of dopamine in female sexual-
ity. An increase in sexual behavior has
been noted in one isolated case re-
port of a woman receiving a combi-
nation of levodopa and carbidopa
treatment that increased dopamine
activity.'®” Delayed or inhibited or-
gasm in women has been associated
with antipsychotic medications that
decrease dopamine activity such as
trifluoperazine hydrochloride, flu-
phenazine hydrochloride, and thio-
ridazine hydrochloride.?'"**> Find-
ings from animal studies are
conflicting with some studies indi-
cating that dopaminergic activity fa-
cilitates lordosis responses while
other studies reported that it inhib-
its lordosis.?'* The contradictory find-
ings could be explained by the fact
that female rats differ in their re-
sponse to dopamine depending on
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their degree of receptivity prior to ma-
nipulation of dopamine activity. That
is, low doses of dopamine agonists fa-
cilitate receptivity in females with low
receptivity while high doses inhibit
receptivity in females exhibiting high
receptivity.**

Cocaine enhances dopamine
activity by blocking the presynap-
tic autoreceptor®’® and cocaine is
commonly believed to enhance
sexual pleasure. Low doses of co-
caine may enhance sexual enjoy-
ment by stimulating the limbic sys-
tem and by delaying ejaculation.?'®
Studies of cocaine addicts suggest
that chronic cocaine use may im-
pair sexual functioning. Thirty per-
cent of male cocaine abusers re-
ported that cocaine impaired
ejaculation and 80% of female abus-
ers reported that it reduced sexual
enjoyment.”'*'® High doses of co-
caine may impair erectile capac-
ity possibly as a result of the va-
soconstrictive effects of cocaine.?"’
High doses of cocaine can produce
anorgasmia and high doses and long-
term use may also produce a reduc-
tion in sexual desire.?'® With-
drawal from cocaine use can produce
a temporary reduction in sexual de-
sire*”® that may be restored after 3
weeks of abstinence.?!

Controlled studies of rats and
nonhuman primates suggest that co-
caine affects sexual functioning dif-
ferently after short- vs long-term use.
Acute cocaine administration in rats
facilitates erection**** but also in-
creases the number of mounts needed
to ejaculate.”** After long-term (eg, 5
days) cocaine administration, co-
caine no longer facilitated erection
even after 1 week after termination
of the drug.??**** Short-term co-
caine administration in nonhuman
primates produced a dose-depen-
dent delay in initiation of copula-
tion and ejaculation*>*** and did not
produce an increase in sexual activ-
ity.*?® These effects were reversed by
the D, antagonist, haloperidol.?*

Epinephrine

In sexually functional men, the
blood plasma epinephrine level
shows a nonsignificant increase just
prior to masturbation'® and urine
levels of epinephrine remain un-
changed after viewing an erotic

film.' Adrenergic activity plays a
role in maintaining the penis in a
flaccid state and in producing detu-
mescence. a;-Adrenergic receptors
have been found in human penile tis-
sue and blockade of a;-adrenergic re-
ceptors produces an erection.’

Adrenergic systems are active in
women as they become sexually
aroused. The epinephrine and nor-
epinephrine metabolite, vanillylman-
delic acid, increases prior to inter-
course and continues to be elevated
over baseline up to 23 hours follow-
ing sexual activity.””” Ephedrine, an
a- and B-adrenergic agonist, has been
shown to significantly increase vagi-
nal pulse amplitude responses to an
erotic videotape compared with pla-
cebo.??® Consistent with this find-
ing, clonidine, an antihypertensive
medication that blocks sympathetic
nervous system (SNS) activation, sig-
nificantly diminishes vaginal pulse
amplitude responses to erotic stimu-
lus compared with placebo under
conditions of SNS arousal.?”’ In-
tense acute exercise known to sig-
nificantly increase SNS activity, sig-
nificantly increases vaginal pulse
amplitude and vaginal blood vol-
ume responses to erotic stimuli in
sexually functional women and
women with hypoactive sexual de-
sire disorder.”****? Anorgasmic
women showed an inhibition in
physiological sexual arousal under
conditions of SNS activation.”** Mes-
ton and Gorzalka®**** suggested that
there may be an optimal level of SNS
activation for facilitation of female
sexual arousal. Blood plasma levels
of epinephrine have been shown to
increase prior to viewing an erotic
film, slowly increase during mastur-
bation, peak at orgasm, and re-
turned to baseline levels within sev-
eral minutes of orgasm.” Reports of
decreased sexual arousal and or-
gasm in females taking antipsy-
chotic medications (thioridazine and
trifluoperazine),"" which act to sup-
press a -adrenoreceptors,” also pro-
vide evidence for a facilitatory influ-
ence of adrenergic activity in female
sexual responding.

Norepinephrine
Several studies examining blood

plasma levels of norepinephrine (NE)
indicate that NE levels increase dur-

ing sexual activity. In men, blood
plasma NE levels were positively cor-
related with arousal and erection dur-
ing masturbation and sexual activ-
ity and increased up to 12-fold at
orgasm.'9>23%23 Kruger et al'® re-
ported that NE levels declined to
baseline levels within 2 minutes of
reaching orgasm. In contrast, NE
urine levels did not significantly dif-
fer in 8 males 4 hours before and 4
hours after viewing a sexually ex-
plicit film.'® Given that Carani et al'®
did not measure NE levels until 4
hours following sexual stimulation,
it is feasible that NE levels did in-
crease during sexual stimulation but
were no longer detectable.

Studies reporting the effects of
drugs that act on NE receptors fur-
ther indicate that NE is important in
sexual activity in men. As noted ear-
lier, antidepressants such as SSRIs
produce a whole host of sexual side
effects”' and newer classes of anti-
depressants that act on NE neuro-
transmission have been found to pro-
duce fewer sexual side effects. For
example, mirtazapine is a newly de-
veloped antidepressant that in-
creases both serotonergic and nor-
adrenergic activity and early reports
suggest that rates of sexual dysfunc-
tion with mirtazapine are lower than
placebo.? Similarly, some evidence
suggests that yohimbine, a drug that
increases NE activity, may be useful
in treating erectile dysfunction and
anorgasmia. 7>

Studies suggest that NE is also
active during the sexual response
cycles of women. Blood plasma lev-
els of NE increased during mastur-
bation, peaked at orgasm, and slowly
declined following orgasm in nor-
mally functioning women.®>*** This
finding is consistent with that of a
similar study that found that the lev-
els of NE and epinephrine metabo-
lite, vanillylmandelic acid, were el-
evated 1 hour prior to intercourse
and continued to be elevated up to
23 hours after intercourse. Given
that vanillylmandelic acid is a me-
tabolite of both NE and epineph-
rine, it is unclear whether the eleva-
tions found resulted from increases
in NE, epinephrine, or both.**’ Yo-
himbine produced an increase in NE
activity (as measured by levels of the
NE metabolite 3-methoxy-4-
hydroxyphenylglycol) in women

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 57, NOV 2000

1020

WWW.ARCHGENPSYCHIATRY.COM

©2000 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Texasat Austin User on 06/08/2016



with hypoactive sexual desire dis-
order, but did not significantly al-
ter sexual drive. Furthermore, com-
pared with normally functioning
women, women with hypoactive
sexual desire disorder did not dif-
fer in 3-methoxy-4-hydroxyphenyl-
glycol levels.**

Opioids

Much of what is known about opi-
oids’ role in the sexual response cycle
comes from research on the effects of
narcotics?*** and agonists and an-
tagonists of naturally occurring opi-
oids such as endorphins, enkepha-
lins, and dynorphins?** (for a
thorough review of opioids and sex,
see Pfaus and Gorzalka**). Indeed, it
is well established that abuse of opi-
oids leads to sexual difficulties.?** In
men, long-term opioid use leads to
loss of libido, erectile dysfunction, and
when erection is present, inability to
achieve orgasm. Long-term opioid use
produces a decline in sexual func-
tioning that typically follows a course
from mild problems (eg, loss of in-
terest in sex although performance is
not impaired when sexual activity oc-
curs) to complete loss of sexual func-
tioning.*** One study examining the
effects of intraspinal administration
of opioids found that within 1 month
of treatment initiation subjects expe-
rienced a reduction in libido and erec-
tile difficulties.”* Withdrawal from
opiate addiction is characterized by
increased frequency of morning erec-
tions, spontaneous ejaculation (in the
absence of sexual stimuli), and a slow
return of sexual drive. Some men,
however, experience a complete loss
of ability to achieve erection and or-
gasm.** Although the mechanism by
which opiates affect sexual function-
ing is unclear, some evidence sug-
gests that increased opioid activity
produces a decrease in the levels of
circulating hormones, such as lutein-
izing hormone and testosterone, and
that it is the reduction in hormones
that leads to sexual dysfunc-
tiOl’l.Mﬂ%

Opioid antagonists such as nal-
oxone and naltrexone hydrochlo-
ride have been used to treat erectile
dysfunction, but 2 case reports sug-
gest that they may also be used to treat
unwanted spontaneous erections.**’
Naltrexone vs placebo significantly in-

creased spontaneous erections, morn-
ing erections, and coitus in men with
erectile failure?** and naloxone in-
duced a partial erection in 3 of 6 men
with normal erectile functioning.*!
Men taking naltrexone did not differ
in luetinizing hormone, follicle-
stimulating hormone, prolactin, or
testosterone.?*3?* Some evidence sug-
gests that naloxone administration
may reduce the subjective pleasure
experienced during arousal and or-
gasm.>!

The role of endogenous opiates
in normal sexual functioning is un-
clear. Two studies that compared
blood plasma levels of B-endorphins
in men as they viewed an erotic film
vs a neutral film failed to find a sta-
tistically significant difference. In both
studies, the B-endorphin levels were
lower during the erotic film than dur-
ing the neutral film.'*' One of the
studies examined (3-endorphin lev-
els during orgasm as well but also
noted no significant change.'® A pre-
vious review of the literature exam-
ining male laboratory animals (eg,
mice, rats, rabbits, dogs, monkeys,
and chimpanzees) suggests that en-
dogenous opiate levels may increase
during sexual activity.**

Women who become addicted
to narcotics, such as heroin, experi-
ence changes in sexual functioning in-
cluding decreased libido, increased li-
bido, anorgasmia, and a loss of libido
during heroin withdrawal.*** In one
isolated study, short-term adminis-
tration of the opiate antagonist, nal-
oxone, increased sexual desire in 1 of
4 women but did not affect vaginal
lubrication in any of the subjects.”
Blood plasma levels of B-endor-
phins have not been shown to change
during sexual arousal and orgasm in
women® and naloxone vs saline so-
lution has not been effective in alter-
ing sexual arousal among women
with sexual arousal disorder.””

Acetylcholine

Acetylcholine, together with vaso-
active intestinal peptide, has been
implicated in penile erection (for
review, see Creed et al®). Erection oc-
curs when the smooth muscles of the
corpus cavernosum relax permitting
increased blood flow into the penile
tissue. The human corpus caverno-
sum is innervated by cholinergic

nerves*? and contains cholinergic re-

ceptors®** suggesting endogenous
cholinergic activity in the penile tis-
sue. Furthermore, administration of
exogenous acetylcholine chloride to
precontracted corpus cavernosum tis-
sue results in a relaxation of the
smooth muscles.”® An in vitro study
of the corpus cavernosal tissue of men
with diabetes mellitus, a condition
commonly associated with erectile
dysfunction, suggests that acetylcho-
line-induced relaxation may be im-
paired in this group.”” The cholin-
ergic agent bethanechol has been
reported to be useful in reversing an-
tidepressant-induced erectile and
ejaculation difficulties.*®*° In male
rats, cholinergic agonists and antago-
nists reduced sexual activity while in-
creased cholinergic activity led to
more rapid ejaculation.?°%2°! Al-
though cholinergic fibers may be pre-
sent in the peripheral nervous sys-
tem, evidence suggests that penile
erection is controlled at the level of
the brain and spinal cord.?*

There is little mention in the lit-
erature of cholinergic involvement
in vaginal vasocongestion. In 2 stud-
ies, atropine, an acetylcholine an-
tagonist, was administered to women
and no change was found in vaso-
congestion or orgasm.?*320*

Histamine

A previous review of the litera-
ture?® cited a handful of case stud-
ies in men reporting loss of libido and
erectile failure associated with the his-
tamine, (H,) antagonists, cimeti-
dine hydrochloride and ranitidine hy-
drochloride. When histamine was
injected into the corpus caverno-
sum, it produced full or partial erec-
tions in 74% of men with psycho-
genic impotence. Work with in vitro
preparations suggests that the H, and
possibly H; receptor may be in-
volved.?%® In one isolated case, a
woman experienced loss of libido as-
sociated with cimetidine use.”® The
sexual difficulties associated with H,
antagonists may result from a reduc-
tion in the uptake of testosterone.*®

v-Aminobutyric Acid
A previous review of the animal lit-

erature suggests that y-aminobu-
tyric acid (GABA) activity inhibits

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 57, NOV 2000

1021

WWW.ARCHGENPSYCHIATRY.COM

©2000 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Texasat Austin User on 06/08/2016



male rat sexual behaviors includ-
ing mounting, intromitting, erec-
tion, and ejaculation.'®® As human
males also engage in analogous be-
haviors, it is possible that GABA in-
hibits these behaviors in human
males as well. To our knowledge, no
studies have been published indi-
cating the direct effects of GABA on
human sexual behavior, or female rat
sexual behavior (Table 2).

THE CNS
Brainstem Regions

The nucleus paragigantocellularis
that projects directly to pelvic effer-
ent neurons and interneurons in the
lumbosacral spinal cord (the re-
gion whereby sexual afferents en-
ter the spinal cord)*” has been iden-
tified as important in male, and
possibly female, orgasm.**® Neu-
rons in this area have been trans-
neuronally labeled following virus
injection into the penis*” and clito-
ris,””® and lesions to this area sup-
press a tonic inhibition of the climax-
like response.*’ Evidence suggests
that this region may also play a role
in SSRI-induced anorgasmia in males
and females.”*® The raphe nuclei pal-
lidus, the magnus and parapyrami-
dal region, and the locus ceruleus all
project to the lumbosacral spinal
cord and may play a role in sexual
function.”® The periaqueductal gray
area of the midbrain acts as a relay
center for sexually relevant stimuli.
Neurons in this region are labeled
following viral injection into the pe-
nis, penile muscles, clitoris, and
uterus.*®2"

Hypothalamus

Animal studies indicate that le-
sions to the medial preoptic area, an
area that has widespread connec-
tions to the limbic system and brain-
stem,?**" significantly impairs male
copulatory behavior*” by impair-
ing the animal’s ability to recognize
a sexual partner.”®® In females, le-
sions to this area increase lordosis
behavior but also increase avoid-
ance of male partners, suggesting a
role in mate selection rather than
sexual motivation.?*® Neurons in the
paraventricular nucleus are acti-
vated during copulation in female

rats*’® and following genital stimu-

lation in male rats,?”” and electrical
stimulation of the paraventricular
nucleus elicits penile erections.*”®
The paraventricular nucleus is la-
beled after pseudorabies virus injec-
tion into the penis, penile muscles,
clitoris, and uterus.?*®*”* During
sexual arousal and orgasm, oxyto-
cin from the paraventricular nucleus
is secreted from the posterior pitu-
itary into the blood stream in both
sexes.”>? Ag noted earlier, oxyto-
cin injected into the CNS activates
penile erections.'"?

Forebrain

Using Fos staining in copulatory
tests, the medial amygdala and the
bed nucleus of the stria terminalis
have been identified as playing a role
in female sexual behavior.!!»28.282
The medial amygdala is believed to
play a role in the control of sexual
motivation in the male.*”>*® Elec-
trical stimulation of the hippocam-
pus has been reported to elicit pe-
nile erections,*®*?% and stimulation
of the septal region has been asso-
ciated with reports of orgasm. In-
terpretation of such findings are lim-
ited by the fact that patients were
experiencing severe neurological and
psychiatric conditions.
Electroencephalographic stud-
ies have shown a pattern of right
temporal activation in right-
handed men presented with visual
sexual stimuli.?®®¥7 Right-to-left
hemispheric activity asymmetry was
also note during nocturnal penile tu-
mescence.’®® A study in right-
handed men, using single photon
emission computed tomography
found an increase in right prefron-
tal cortex blood flow during or-
gasm.” Hypersexuality has been as-
sociated with the bilateral removal
of temporal lobes,* and following
frontal lobotomy.*! Recently, posi-
tron emission tomography was used
to identify the brain areas activated
in healthy males during visually
evoked sexual arousal.””* Results in-
dicated a 3-fold pattern of activa-
tion: the bilateral activation of the
inferior temporal cortex (a visual as-
sociation area), the activation of the
right insula and right inferior fron-
tal cortex (paralimbic areas relat-
ing highly processed sensory infor-

mation with motivational states),
and the activation of the left ante-
rior cingulate cortex (a paralimbic
area known to control autonomic
and neuroendocrine function).?> To
date, no similar studies have been
conducted in females. For a recent
and more in-depth review of the
CNS control of sexual behavior, see
McKenna.?%®

CONCLUSIONS

We attempted to provide a concise
overview of the endocrine, neuro-
transmitter, and CNS influences on
sexual desire, arousal, and orgasm
in males and females. Because of an
overall scarcity of human studies in
this field, and the widely varying
methodological quality of those
studies available, in many areas of
this review the evidence presented
appears conflicting and/or incom-
plete, and we are able to generate
only tentative hypotheses. While be-
ing cognizant of these limitations, we
summarize the findings as follows.

A certain level of testosterone
is necessary for sexual desire in
males above which testosterone lev-
els are unrelated to levels of sexual
drive. Administration of testoster-
one above this level is ineffective in
treating hypoactive sexual desire in
men. Testosterone plays a role in
nocturnal penile tumescence;
whether it influences erectile re-
sponses to external stimuli is un-
clear. Testosterone is related to
sexual desire in women but the re-
lationship is not straightforward.
Many women with hypoactive
sexual desire have normal testoster-
one levels, some women with low
testosterone levels have normal
sexual drive, and a higher testoster-
one level is not usually associated
with high libido. Exogenous testos-
terone treatment is effective for treat-
ing a subset of women with low li-
bido—most of the research to this
regard has focused on surgically
menopausal women. Laboratory
studies and studies of menstrual
cycle changes have not consis-
tently linked testosterone levels with
sexual arousal in women. Estro-
gens and progesterone do not seem
to play a significant role in sexual
desire for either males or females.
Estrogen deficiency impairs genital
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Table 2. Neurotransmitter (NT) Influences on Sexual Function in Males and Females

Sexual desire
Sexual arousal

Cimetidine and ranitidine users?®

Injection into corpus
cavernosum—psychogenic
impotence®®

Cimetidine and ranitidine users?s®

Males Females
I(:hange Change I(:hange Change I
in NT in Sexual Population Sampled/ in NT in Sexual Population Sampled/
Neurotransmitter Level Functioning Study Details Level Functioning Study Details
Serotonin
Sexual arousal 1 ! MAOI, SSRI, antipsychotic users'®'-158 1 ! MAOI, SSRI users'®" 1%
! 1 Cyproheptadine hydrochloride with
antidepressants's?
Sexual arousal 1 ! Antipsychotic users'®" %
Orgasm 1 ! MAOI, SSRI, antipsychotic users''158 0 1 MAOI, SSRI users'®" 15
! 0 Cyproheptadine with 0 1 Cyproheptadine with
antidepressants's® antidepressants's
1 ! SSRIs as a treatment for premature
ejaculation®®17
Dopamine
Sexual desire 1 ? Apomorphine 1 ) Levodopa/carbidopa—patients
hydrochloride/levodopa—patients with Parkinson disease
with Parkinson disease'85-16¢ (case study)'®
Sexual arousal 1 0 Apomorphine/levodopa—~Parkinson
disease'®*1%
1 1 Apomorphine treatment—erectile
failurg202-208
! 1 Antipsychotic medication users?%-20°
i ! Antipsychotic medication users?%+20
1 ! Chronic cocaine user?'® . . .
Orgasm 1 ! High doses and chronic cocaine 7 ! Antipsychotic medication
user216 user3211-213
Adrenaline
Sexual desire e e e 1 1 Normal®
Sexual arousal 1 ! Sexually functional® 1 1 Normal?227:228
0 1 Viewing an erotic film?% 1 ! Heightened nervous system
arousal—(normal and
HSDD)ZSO'BZ
0 1 Heightened nervous system
arousal—(anorgasmic
women)?
1 ! Heightened nervous system
arousal?®
! ! Clonidine user with heightened
nervous system arousal®®®
! ! Antipsychotic treatment®!
Orgasm 1 1 Normal®
! ! Antipsychotic treatment's'
Norepinephrine
Sexual drive 1 0 Hypoactive sexual desire
disorder®*®
Sexual arousal 1 1 Normal105:23423 1 1 Normal®2
1 1 Yohimbine treatment for ED%7-2%9
Orgasm 1 1 Normal'05254235 1 1 Normal®2%
1 1 Yohimbine treatment for
anorgasmia?7-2
Acetylcholine
Sexual arousal 1 T Precontracted corpus cavernosum ! 0 Atropine administration to
tissug?® normal women?53
1 0 Corpus cavernosum of men with
diabetes mellitus®”
1 1 Bethanechol for antidepressant
induced erectile dysfunction?5825
Orgasm 1 1 Bethanechol chloride for ! 0 Atropine administration to
antidepressant-induced ED?%8259 normal women2%
Histamine

Cimetidine user (case study)®®
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Table 2. Neurotransmitter (NT) Influences on Sexual Function in Males and Females (cont)

Males Females
I(:hange Change I(:hange Change I
in NT in Sexual Population Sampled/ in NT in Sexual Population Sampled/
Neurotransmitter Level Functioning Study Details Level Functioning Study Details
Opioids
Sexual desire 1 ! Long-term opiod users?* 1 ! Long-term opiod users?*
1 ! Intraspinal injections® 1 1 Long-term opiod users?*
! 1 Withdrawal from opiate addiction®* ! ! Withdrawal from opiate
addiction®
! 1 Naloxone hydrochloride users
(1in 4 women)®
Sexual arousal 1 i Long-term opiod users?* ! 0 Naloxone users®!
1 ! Intraspinal injections? ! 0 Naloxone treatment for
arousal disorder?®?
! 1 Withdrawal from opiate addiction?* 0 1 Blood plasma level while
viewing an erotic film®
! ! Withdrawal from opiate addiction?
! 1 Naltrexone treatment?
! 1 Naltrexone treatment for erectile
failure?48-2%0
1 1 Naloxone in men with normal
erectile functioning®’
0 1 Blood plasma level while viewing an
erotic film?00.105
Orgasm 1 ! Long-term opiod users?* 1 i Long-term opiod users?*
! 1 Withdrawal from opiate addiction?* 0 1 Blood plasma level while
viewing an erotic film®
! ! Withdrawal from opiate addiction®*
0 1 Blood plasma level while viewing an

erotic film'®

*1 indicates increase; \, decrease; ellipsis, not applicable; MAOI, monoamine oxidase inhibitor; SSRI, selective serotonin reuptake inhibitor; 0, no change;
HSDD, hypoactive sexual desire disorder; and ED, erectile dysfunction.

vasocongestion and lubrication in fe-
males and this may adversely influ-
ence sexual arousal and desire. Find-
ings from uncontrolled studies and
animal studies tentatively suggest
prolactin may have an inhibitory in-
fluence on drive in males and fe-
males. Controlled human studies
suggest the levels of prolactin and
oxytocin increase during sexual
arousal in men and women. Abnor-
mally high levels of cortisol de-
crease sexual drive in men and
women possibly owing to in-
creased corticotropin-releasing hor-
mone. Minimal research on phero-
mones and sexual response suggest
a facilitatory influence on sexual at-
tractiveness in men.

Nitric oxide (via the conver-
sion of guanosine triphosphate to
cGMP) is essential for penile and
possibly clitoral vasocongestion.
Sildenafil prolongs the action of
c¢GMP and is effective in treating
erectile dysfunction of organic, psy-
chogenic, and mixed causes. Re-
search on the effectiveness of silde-
nafil treatment for female sexual

arousal disorder is under way. Find-
ings from animal studies suggest se-
rotonin may facilitate, inhibit, or
have no effect on sexual behavior de-
pending on which serotonin recep-
tor subtype is involved. Studies on
the effects of antidepressants on hu-
man sexual function suggest activa-
tion of the serotonin, receptor im-
pairs all stages of the sexual response
in males and females. Case reports
in males showing a facilitatory in-
fluence of antiparkinsonian medi-
cations (which enhance dopamine
activity) and an inhibitory influ-
ence of antipsychotic medications
(which suppress dopamine activ-
ity) on desire and erection argue for
a facilitatory influence of dopamine
on male sexual behavior. Research
in male rats indicating dopamine fa-
cilitates sexual drive, erection, and
ejaculation corroborates these hu-
man findings. Limited research con-
ducted in females suggests a facili-
tatory role of dopamine on sexual
desire and orgasm. Adrenergic ac-
tivity (ephedrine) inhibits erectile re-
sponding in men and blockade of

oy .receptors produces erection. In
women, by contrast, adrenergic ac-
tivation facilitates vasocongestion
and suppression of adrenergic ac-
tivity impairs sexual arousal and or-
gasm. Norepinephrine levels in-
crease during sexual arousal in men
and women. Minimal research sug-
gests increasing the level of NE may
facilitate erectile responding in men;
comparable studies have not been
conducted in women. Long-term
opioid use impairs erection in men
possibly via suppression of circulat-
ing hormones such as testosterone.
Case reports indicate opioid antago-
nists may restore erectile function-
ing in dysfunctional men. Limited
studies suggest opioids have an
analogous effect in women. Acetyl-
choline facilitates penile erection via
the relaxation of smooth muscles of
the corpus cavernosum. The role of
acetylcholine in female vasoconges-
tion is unknown. Case studies sug-
gest histamine facilitates erection in
men with erectile failure. One com-
parable case study has been re-
ported in women. The H, and pos-
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sibly Hs receptors have been
implicated. Animal studies indicate
an inhibitory influence of GABA on
male sexual responding. Studies ex-
amining the effects of GABA on hu-
man sexual behavior have not been
conducted.

To date, only one study of neu-
roanatomical activation in human
brains following laboratory-
evoked sexual arousal has been con-
ducted. This study found sexual
arousal in males to be associated
with bilateral activation of the infe-
rior temporal cortex, the right insu-
lar and inferior frontal cortex, and
the left anterior cingulate cortex.

This review focused on the in-
dependent influences of endocrine,
neurotransmitter, and CNS factors on
sexual function. However, these sys-
tems also interact with one another
to affect sexual functioning. For ex-
ample, when the level of testoster-
one is increased in the medial pre-
optic area, it increases NO release
that, in turn, facilitates dopamine re-
lease. If testosterone or NO release is
disrupted, normal sexual behavior,
resulting from dopamine release, is
impaired in male rats.”” Similarly, in-
creased prolactin activity results in
decreased dopamine activity in the
medial preoptic area”* and it has been
suggested that prolactin antago-
nism of dopamine may be respon-
sible for the refractory period in
males.”” Serotonin administration to
the lateral hypothalamic area pro-
duces a suppression of normal do-
pamine release in the nucleus accum-
bens of the male rat.*® A previous
review of the male rat literature sug-
gests contradictory evidence that
gonodal hormones and serotonin in-
teract to affect sexual function-
ing.'% Previous reviews of the fe-
male rat literature suggest that all
lordosis-facilitating agents (eg, a;-
adrenergic agonists) require initial es-
trogen priming to effectively pro-
duce the lordosis response and
estrogen affects noradrenaline and se-
rotonin turnover.*”*® To our knowl-
edge, no studies have been pub-
lished in the human literature
examining the interaction between
hormones, neurotransmitters, and
neuropeptides.

Accepted for publication August 4,
2000.
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Meston, PhD, University of Texas at
Austin, Department of Psychology,
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