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I think the most unfair thing about life is the way it ends.
[ mean, life is tough. It takes up a lot of your time.

What do you get at the end of it? A death. What'’s that,

a bonus? I think the life cycle is all backwards. You
should die first, get it out of the way. Then you live in an
old age home. You get kicked out when you’re too young,
you get a gold watch, you go to work. You work forty
years until you’re young enough to enjoy your retirement.
You go to college, you do drugs, alcobol, you party,

you get ready for high school. You go to school, you
become a kid, you play, you have no responsibilities,

you become a little baby, you go back into the womb,
you spend your last nine montbs floating . . .

You finish off as a gleam in somebody’s eye!

—Sean Morey
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Preface

We wrote this book because orgasm is a remarkable
phenomenon and one of life’s most intriguing ex-
periences. We take a different perspective from that of re-
cent books addressing various aspects of sexual behavior
and orgasm, such as those by Bancroft (1989), Kothari
and Patel (1991), Paget (2001), Rodgers (2001), Bodnar
et al. (2002), Margolis (2004), Hyde (2005), and Lloyd
(2005), and from that of the review articles by Meston and
Frohlich (2000), Meston, Levin, et al. (2004), and Mah
and Binik (2001, 2005). We address the body systems that
act in concert to produce orgasms; discuss various ideas
about the function of orgasms and why orgasms feel good;
define the many types of orgasms, such as “nongenital” or-
gasms; and address sex differences and similarities, effects
of aging, pathologies of orgasms, effects of hormones and
drugs, and the neurology and brain control of orgasm.
Philip Teitelbaum commented in a conversation with
one of the authors that the brain is like a house, and it
is the same house regardless of which window you look
into—behavioral, neurological, anatomical, or pharmaco-
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logical. There are such diverse ways of understanding the phenom-
enon of orgasm—from the poetic to the medical—that each per-
spective can argue that the others are hopelessly narrow. The medi-
cal approach fails to appreciate the emotional effect of the altered
states of consciousness and spiritual aspects of orgasm, while those
who view orgasm from the latter approach demur that the nuts
and bolts approach is hopelessly limited. We recognize that each
perspective is valid, and yet each has its limitations.

For their help in developing and preparing this book, we are
happy to acknowledge our many colleagues and friends worldwide,
and our family members, for their discussions, suggestions, critical
comments, inspiration, encouragement, and direct help. We espe-
cially thank Colin Beer, Angelica Breton, Vincent Burke, Arlene
Feldman, Gabriela Gonzalez-Mariscal, Kimberly F. Johnson, Adam
C. Komisaruk, Christine McGinn, Gina Ogden, MariaCruz Rod-
riguez del Cerro, Jay Rosenblatt, Alexa Selph, Bill Stayton, Linda
Strange, Dennis Sugrue, Alexander Tsiaras and the staff of Ana-
tomical Travelogue, Mary Ann Ulrich, and Jim Whipple.

On a more personal note, Beverly thanks her husband, Jim, chil-
dren, Allen and Susan, and grandchildren, Kayla, Travis, Valerie,
William, and Elyse, for their continued love and support. Carlos
thanks his wife, Josefina, and daughters, Maria Emilia and Gaby.
Barry thanks his sons, Adam and Kevin, for their interest, love, en-
couragement, and support, and in remembrance, his wife, Carrie.
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Definitions of Orgasm

Ithough many may prefer that orgasms remain inde-
scribable and undefinable, some have proposed a defi-
nition:

“[From the Greek meaning] to swell as with moisture, be
excited or eager” (Oxford English Dictionary, Simpson
& Weiner, 2002a)

“The expulsive discharge of neuromuscular tensions at
the peak of sexual response” (Kinsey et al., 1953)

“A brief episode of physical release from the vasoconges-
tion and myotonic increment developed in response to
sexual stimuli” (Masters & Johnson, 1966)

“The zenith of sexuoerotic experience that men and
women characterize subjectively as voluptuous rapture
or ecstasy. It occurs simultaneously in the brain/mind
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and the pelvic genitalia. Irrespective of its locus of onset, the
occurrence of orgasm is contingent upon reciprocal intercom-
munication between neural networks in the brain, above, and
the pelvic genitalia, below, and it does not survive their de-
connection by the severance of the spinal cord. However, it is
able to survive even extensive trauma at either end.” (Money,
Wainwright & Hingburger, 1991)

“An explosive cerebrally encoded neuromuscular response at
the peak of sexual arousal elicited by psychobiological stim-
uli, the pleasurable sensations of which are experienced in
association with dispensable pelvic physiological concomi-
tants” (Kothari & Patel, 1991)

“A peak intensity of excitation generated by: (a) afferent and
re-afferent stimulation from visceral and/or somatic sensory
receptors activated exogenously and/or endogenously, and/or
(b) higher-order cognitive processes, followed by a release and
resolution (decrease) of excitation. By this definition, orgasm
is characteristic of, but not restricted to, the genital system.”
(Komisaruk & Whipple, 1991)

“A variable, transient, peak sensation of intense pleasure, cre-
ating an altered state of consciousness, usually with an ini-
tiation accompanied by involuntary rhythmic contractions of
the pelvic striated circumvaginal musculature, often with con-
comitant uterine and anal contractions, and myotonia that
resolves the sexually induced vasocongestion and myotonia,
generally with an induction of well-being and contentment.”
(Meston, Levin, et al., 2004)
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What exactly is an orgasm? Almost everyone would agree that
orgasm is an intense, pleasurable response to genital stimulation:
penile physical stimulation in males and clitoral or vaginal physical
stimulation in females. Although orgasm characteristically results
from genital stimulation, there are many reports that other types of
sensory stimulation also generate orgasms, stimulation perceived
as both “genital” and “nongenital.”

For example, there are documented cases of women who claim
they can experience orgasms just by thinking—without any physi-
cal stimulation. Their bodily reactions of doubling of heart rate,
blood pressure, pupil diameter, and pain threshold bear out their
claim (Whipple, Ogden & Komisaruk, 1992). Men and women
with spinal cord injury have described that the skin near their in-
jury is hypersensitive to touch—painful and intensely aversive to
touch if accidentally brushed, but when stimulated in the right
way, by the right person, capable of producing pleasurable orgas-
mic feelings that may be perceived as emanating from the genitals.
A woman with a complete spinal cord injury at the upper tho-
racic level, whose area of hypersensitivity was the neck and shoul-
der, claimed to have orgasms from stimulation of the skin of her
neck. In the laboratory, her heart rate and blood pressure increased
markedly during self-application of a vibrator to her neck-shoul-
der junction, and she described experiencing an orgasm accompa-
nied by a “tingling” sensation in her vagina (Sipski, Komisaruk, et
al., 1993).

In reports by Kinsey et al. (1953), Masters and Johnson (1966),
and Paget (2001), women stated that they experienced orgasms
from breast or nipple stimulation. Paget (2001) also described or-
gasms produced by stimulation of the mouth or anus in women
and men. Women with spinal cord injury described experiencing
orgasm from stimulation of the ears, lips, breasts, or nipples (Co-
marr & Vigue, 1978). Xaviera Hollander (1981), author of The
Happy Hooker, said she experienced an orgasm when a police of-
ficer placed his hand on her shoulder. In the world of fiction, the
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heroine of the novel Kinflicks, on realizing she has just had an
orgasm when her lover held her hand, says she can experience or-
gasms from stimulation anywhere on her body (Alther, 1975).

The occurrence of orgasms stimulated from many different parts
of the body is also reported by persons using marijuana. And co-
caine users claim that the rush they feel just after injecting the drug
feels orgasmic (Seecof & Tennant, 1986).

Is the sensation of orgasm different in women and men? Vance
and Wagner (1976) performed a carefully controlled study in which
college students taking a course in the psychology of sexual be-
havior wrote descriptions of their own orgasms, and a group of
judges tried to guess which descriptions were written by men and
which by women. The judges were female and male obstetrician-
gynecologists, psychologists, and medical students. Before submit-
ting the descriptions to the judges, Vance and Wagner substituted
gender-neutral words for specific words in the students’ written
descriptions (e.g., genitalia for penis or vagina) to intentionally
conceal the sex of the writers. The study authors built additional
clever and appropriate safeguards into the experimental design, a
model for this type of research.

Vance and Wagner’s statistical analysis showed that no type or
gender of judge was better than any other at discerning the sex of
the writer. They concluded that “individuals are unable to distin-
guish the sex of a person from that person’s written description of
his or her orgasm . . . Furthermore, neither sex was more adept at
recognizing characteristics in descriptions of orgasm that would
serve as a basis for sex differentiation, if, indeed, there are factors
in such descriptions which can be differentiated.”

The students’ descriptions are vivid, as demonstrated by quota-
tions selected at random from nine of the forty-eight participants
in the study. In each instance, as noted above, the judges could not
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correctly identify whether the writer was male or female (we don’t
know, either).

A sudden feeling of lightheadedness followed by an intense feeling of
relief and elation. A rush. Intense muscular spasms of the whole body.

Sense of euphoria followed by deep peace and relaxation.

Feels like tension building up until you think it can’t build up any
more, then release. The orgasm is both the highest point of tension
and the release almost at the same time. Also feeling contractions in

the genitals. Tingling all over.

There is a great release of tensions that have built up in the prior stages
of sexual activity. This release is extremely pleasurable and exciting.
The feeling seems to be centered in the genital region. It is extremely
intense and exhilarating. There is a loss of muscular control as the
pleasure mounts and you almost cannot go on. You almost don’t want

to go on. This is followed by the climax and refractory states!

The period when the orgasm takes place—a loss of a real feeling for the
surroundings except for the other person. The movements are sponta-

neous and intense.

A heightened feeling of excitement with severe muscular tension espe-
cially through the back and legs, rigid straightening of the entire body
for about 5 seconds, and a strong and general relaxation and very tired

relieved feeling.

Basically it’s an enormous buildup of tension, anxiety, strain followed
by a period of total oblivion to sensation then a tremendous expulsion

of the buildup with a feeling of wonderfulness and relief.
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The feeling of orgasm in my opinion is a feeling of utmost relief of any
type of tension. It is the most fulfilling experience I have ever had of
enjoyment. The feeling is exuberant and the most enjoyable feeling 1

have ever experienced [emphasis in original].

A building of tension, sometimes, and frustration until the climax. A
tightening inside, palpitating rhythm, explosion, and warmth and
peace [emphasis in original].

A complete relief of all tensions. Very powerful and filled with ecstasy.

Contraction of stomach and back muscles.

These characterizations of orgasm emphasize the physical feel-
ing. A more abstract characterization was reported in a study of
more than four hundred male and female university students by
Mah and Binik (2005): “orgasmic pleasure and satisfaction were
more consistently related to the cognitive-affective characteristics
of the subjective orgasm experience than were the sensory char-
acteristics. [The findings support the] salience of the overall psy-
chological intensity of the orgasm experience over the perceived
anatomical location of orgasmic sensations.”



Different Nerves,

Different Orgasmic Feelings

An understanding of the sensory pathways that are prob-
ably activated during orgasm can suggest the bases
for the experiences of orgasm. The pelvic nerve provides
the afferent (sensory) nerve supply of the vagina, cervix,
rectum, and urinary bladder (Komisaruk, Adler & Hutchi-
son, 1972; Peters, Kristal & Komisaruk, 1987; Berkley et
al., 1990). Activation of this nerve can generate orgasm
when stimulated vaginally, so it is not surprising that when
activated nongenitally (e.g., rectally), the pelvic nerve can
also generate orgasm in both women and men. In women,
stimulating the rectum in addition to the clitoris, vagina,
and cervix could add to the quality—complexity, intensity,
and consequently pleasurableness—of orgasm.

One man described a ten-year history of feelings resem-
bling sexual orgasm and ejaculation after each defecation
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or forceful urination, followed by a rise in pulse rate and a sense
of relaxation that changed to extreme fatigue (Van der Schoot &
Ypma, 2002). Conversely, in women, uterine, cervical, and vaginal
stimulation during childbirth has been reported to induce feelings
of the urge to defecate. Thus, “cross-talk” or “referred sensation”
or “equivalence” can exist between the feelings generated by vagi-
nal and by rectal stimulation, most likely because the same nerve—
the pelvic nerve—carries sensory information from both organs.

In men, sensory activity originating from the prostate (via the
hypogastric nerve) during ejaculation contributes to the pleasur-
able sensation of orgasm, as evidenced by the finding that pros-
tatectomy may diminish this feeling (Koeman et al., 1996). The
contributory role of this afferent activity to orgasm could help ac-
count for the experience of orgasm in men receiving mechanical
stimulation of the prostate during anal intercourse, which would
add to the sensory activity via the rectal component of the pelvic
nerve.

The hypogastric nerve also conveys sensory activity from the
uterus and cervix (Bonica, 1967; Peters, Kristal & Komisaruk,
1987; Berkley et al., 1990; Giuliano & Julia-Guilloteau, 2006;
Hoyt, 2006). The orgasmic role of afferent activity via the hypogas-
tric nerve known to occur in men can help account for the parallel
drawn in women between the feelings generated during childbirth
and orgasm (Newton, 1955). Stimulation of the pelvic nerve may
also occur with stimulation of the area of the G spot (the area of
the female prostate gland) and may also account for the reports of
orgasm and “female ejaculation” from the urethra experienced by
some women (Perry & Whipple, 1981; Ladas, Whipple & Perry,
1982, 2005).

The orgasm-inducing effect of breast or nipple stimulation may
be due to sensory activity from the breast traveling (“projecting”)
to certain of the same group of neurons in the brain that receives
sensory activity from the genitals (for a review, see Komisaruk &
Whipple, 2000). Specifically, there is a cluster of neurons that com-
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prise the paraventricular nucleus of the hypothalamus (nucleus is
the name given to a cluster of neurons in the brain or spinal cord).
These neurons produce and secrete oxytocin, a “neurohormone”
(so called because it is a hormone secreted by neurons rather than
by endocrine glands), into the bloodstream, brain, and spinal cord
in response to breast or nipple stimulation as well as in response to
vaginal, cervical, or uterine stimulation. The oxytocin released by
suckling stimulates the contraction of the myoepithelial cells (r72yo-
meaning “muscle”) that envelop the milk-secreting glands in the
breast. When these cells contract under the influence of oxytocin,
they forcibly expel milk, in the “milk-ejection” or “milk-letdown”
reflex. The oxytocin can concurrently stimulate the uterine smooth
muscle to contract. In a parallel process, during childbirth, uterine
contractions that push the fetus against the cervix stimulate sen-
sory fibers in the pelvic nerve that project along the spinal cord to
the same paraventricular nucleus of the hypothalamus, stimulat-
ing the neurons to release oxytocin into the bloodstream. This is
termed the “Ferguson reflex” (]J. K. W. Ferguson, 1941). This oxy-
tocin released during childbirth can also produce expulsion of milk
from the breast in women who are lactating.

Since the final common pathway for oxytocin secretion is mainly
the paraventricular nucleus of the hypothalamus (Cross & Waker-
ley, 1977), breast, nipple, cervical, and vaginal afferent (sensory)
activities evidently converge on this neuronal cell group. There is
normally a significant release of oxytocin into the bloodstream
within one minute after orgasm in healthy women, and in some
cases blood levels are still elevated after five minutes (Cross &
Wakerley, 1977; Carmichael, Humbert, et al., 1987; Carmichael,
Warburton, et al., 1994). As described below, activation of the
paraventricular nucleus of the hypothalamus has been observed
during orgasm (Komisaruk, Whipple, Crawford, et al., 2004), so
it is likely that the activity of these neurons, the neurons to which
they project, and the neurons that project to them is involved in
the pleasurable sensation of orgasm (and the description by some
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women of nursing and childbirth as generating “orgasmic” feel-
ings).

As described by Ladas, Whipple, and Perry (1982, 2005), the
sensory quality of orgasms differs in relation to the part of the
sexual system that is stimulated. Vaginal stimulation—-induced or-
gasm is described as involving the whole body, whereas clitoris-in-
duced orgasm is more restricted to the region of the clitoris. One
woman described her orgasms produced by cervical stimulation as
a “shower of stars.” For our research we employ a unique stimula-
tor that consists of a stimulating rod attached to a diaphragm that
covers the cervix. Women using this device tell us that when they
pull outward with the stimulator, thus pulling on the diaphragm
surrounding the base of the cervix, the outward motion produces
a very pleasurable suction on the cervix that they have never expe-
rienced before.

The difference in sensory quality of stimulating the clitoris, va-
gina, or cervix is most likely due to the different nerves receiving
sensory activity from each of these regions. That is, the clitoris
is supplied mainly by the pudendal nerve, the vagina mainly by
the pelvic nerve, and the cervix mainly by the hypogastric, pelvic,
and vagus nerves. While stimulating each of these regions can by
itself produce orgasms (of differing feelings), the combined stimu-
lation of all three regions has an additive effect, producing more
encompassing orgasms, or what is described as “blended orgasm”
(I. Singer, 1973; Ladas et al., 1982, 2005).

In her recent book, Elisabeth Lloyd (2005) raises an interesting
challenge: she contends that women’s orgasm has no known bio-
logical function: “women can and do get pregnant easily without
having orgasm during copulation, and there is no evidence that
shows that orgasm makes a difference to fertility . . . birth rates
. .. or reproductive success.” Furthermore, given that women do
not always have an orgasm during sexual intercourse, “under the
common assumption that the capacity for orgasm is designed as an
adaptation to encourage and reward intercourse, this infrequency
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must be seen as a design flaw.” Lloyd contrasts women’s orgasm
with men’s: “male orgasm is known to be necessary for male re-
productive success, while the same is not true for women.”

Lloyd places women’s orgasm in the same category as men’s nip-
ples—that is, a by-product of a structure that has a function only
in the other sex. In other words, she considers women’s orgasm to
be a “by-product” (her term) of men’s orgasm. “Males get nipples
as a developmental or embryological consequence of females need-
ing to have them,” she writes. “And the trait persists among males
because it is consistently selected in females.” By analogy, since
the clitoris and the penis develop from the same embryonic tissue,
“Females get the [clitoral] erectile and nervous tissue necessary for
orgasm in virtue of the strong, ongoing selective pressure on males
for the sperm delivery system of male orgasm and ejaculation.”

Lloyd also dismisses any adaptive role of the orgasm-induced
peak release of oxytocin in women. Oxytocin has been shown to
increase uterine peristaltic contractions, which could thereby ac-
celerate the transport of sperm through the uterus to the site of
fertilization in the fallopian tubes (Wildt et al., 1998). “It could
be,” Lloyd contends, “that oxytocin release upon orgasm is simply
a side effect of the important role of uterine contractions during
labor.” She then claims that even if the uterine contractions could
be related to orgasm and fertility, “there would still be questions
about whether [this effect] increased reproductive success. More-
over, even if a contribution to current reproductive success could
be shown, it would be insufficient to conclude that the trait evolved
as an adaptation.” Yet Lloyd does not entirely close the book on
the possibility of a functional significance for women’s orgasm, for
she does acknowledge (albeit seemingly grudgingly) that “female
orgasm may very well turn out to be an adaptation, exquisitely
designed for some special but obscure function.”

We contend that Lloyd overlooks important considerations that
argue against her conclusions. Thus, while dismissing the signifi-
cance of women’s orgasm, she accepts men’s orgasm as necessary
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for reproduction. She conflates men’s ejaculation with men’s or-
gasm. However, there is a big difference between the physical act of
ejaculation and the feeling of orgasm. While seminal emission and
ejaculation are essential to pregnancy, the feeling of orgasm is not.
There is no inherent imperative that the feeling of orgasm must be
linked to ejaculation. Indeed, ejaculation of viable, pregnancy-pro-
ducing sperm can occur in men with spinal cord injury who do not
experience the feeling of orgasm.

No adaptive function has actually been demonstrated for men’s
orgasm. Consequently, contrary to Lloyd’s contention, there is no
better adaptational explanation for the existence of men’s orgasm
than for the existence of women’s. By the same token, just because
adaptive significance has not been demonstrated for women’s or
men’s orgasm, one is not justified in concluding that none exists.

We maintain, as proposed elsewhere (Komisaruk & Whipple,
1995, 1998, 2000), that women and men derive pleasure from or-
gasm and it is the pleasure of orgasm that helps to reinforce the per-
formance of sexual intercourse, thereby promoting procreation.

It also seems plausible that even if not essential to pregnancy,
the comparative degree of a woman’s pleasurable feeling of orgasm
elicited by penile stimulation during sexual intercourse with one
man compared with another could be a significant factor in her
selection of a mate. Similarly, the comparative degree of orgasmic
pleasure that a man experiences with one woman compared with
another could be a significant factor in his selection of a mate. In
addition, the overt behavioral excitement—muscle tension, move-
ment, vocalization—expressed by a woman during her sexual in-
tercourse—induced orgasms could be a significant factor in a man’s
preference for that woman as a mate, and vice versa for the wom-
an’s preference for that man as a mate.

In other words, while the adaptive significance of women’s or-
gasm has not been demonstrated, neither has that of men’s, but
this is not justifiably a criterion by which to conclude that women’s
orgasm is any less adaptive than men’s. Perhaps a test of the adap-
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tive significance of women’s or men’s orgasm is limited only by
scientists” imagination and research.

Lloyd contends that women’s orgasm that results from stimula-
tion of the clitoris is a “by-product” of men’s penis stimulation—in-
duced orgasm. She points out, correctly, that the clitoris receives
sensation from the pudendal nerve, the same nerve that provides
penile sensation, and that this nerve conveys orgasm-producing
stimulation from the clitoris in women and the penis in men. How-
ever, Lloyd ignores the extensive literature that demonstrates the
existence of three additional pairs of nerves in women that convey
sensation to the brain from the vagina, cervix, and uterus. There
is good evidence that activation of these nerves by physical stimu-
lation of these uniquely female organs can generate orgasm. As
described above, these three pairs of nerves are the pelvic (sensory
primarily from the vagina and cervix), hypogastric (sensory pri-
marily from the cervix and uterus), and vagus (sensory primarily
from the region of the cervix and uterus). Several studies provide
evidence that direct mechanical stimulation of the vagina or cervix
in the absence of direct clitoral stimulation can generate orgasms in
women (Komisaruk & Whipple, 1994; Whipple, Gerdes & Komis-
aruk, 1996; Komisaruk, Gerdes & Whipple, 1997; Komisaruk,
Whipple, Crawford, et al., 2004). Furthermore, women describe
the quality of orgasms resulting from vaginal stimulation—*“deep,
heaving,” for example—as feeling different from orgasms induced
by only clitoral stimulation (]J. Singer & 1. Singer, 1972; Ladas,
Whipple & Perry, 1982, 2005).

Thus, women have a unique and richly developed pattern of
sensation that can be stimulated physically by penile intromission
during sexual intercourse. (Indeed, the commercial market for dil-
dos is testimony to the pleasure-producing nature of vaginal sen-
sation.) Women’s orgasms, we argue, are generated by their own
unique organs and neural systems; they are far more than just a
by-product or side effect of men’s orgasms.

Addressing a physiological correlate of women’s orgasm, Lloyd
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claims that “it could be that oxytocin release upon orgasm is sim-
ply a side effect of the important role of uterine contractions during
labor.” And even if the peristaltic contractions could be related to
orgasm and fertility, “there would still be questions about whether
[oxytocin release] increased reproductive success. Moreover, even
if a contribution to current reproductive success could be shown,
it would be insufficient to conclude that the trait evolved as an ad-
aptation.”

These are stringent demands that raise the question of how
many other physiological processes in men or women that are be-
lieved to play a role in reproduction could satisfy Lloyd’s proposed
criteria. Much of the research on reproductive physiology is induc-
tive, in the sense that any observed phenomenon is perceived as
having a likely function. An example of this is the experimental
evidence that oxytocin, released in peak levels during orgasm in
women, produces a dramatic increase in uterine peristaltic move-
ment, which propels sperm selectively into the particular fallopian
tube (left or right) that receives the ovum during that particular
menstrual cycle. Women in whom the greater number of sperm
end up in the fallopian tube that receives the mature ovum for that
cycle have a greater probability of becoming pregnant than women
in whom the other fallopian tube receives the greater number of
sperm (Wildt et al., 1998). Thus, by inductive reasoning, it seems
likely that the oxytocin released during orgasm in women could
promote this selective distribution of sperm. Although the adaptive
significance has not been explicitly demonstrated, we can reason-
ably conclude that orgasmic oxytocin in women has a plausible
adaptive physiological role in promoting reproduction. Much of
reproduction research is inductive in the same way.

In summary, then, the absence of evidence to support an adap-
tive role for a physiological process in reproduction should not be
taken as evidence of the absence of such a role. And the absence
of evidence of an adaptive role for women’s orgasm should not be
taken as evidence that it is “simply” a by-product or “side effect”
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of men’s orgasm and that it has no role. It is more productive to
take the perspective that because women’s orgasm has properties
and underlying mechanisms that are unique (i.e., different from
men’s orgasm), it is likely to possess unique functions. The greater
challenge is to design experiments that test hypotheses on the pos-
sible functions of women’s orgasm.



Bodily Changes at Orgasm

any aspects of the physiological mechanisms that are
Mcoordinated with orgasm remain unsolved, but we
do know that the physiological, behavioral, and perceptual
events in women’s and men’s orgasms comprise an intri-
cately orchestrated and reciprocal process that is remark-
able in its complexity. From specialized adaptations at the
molecular level to complex social interaction, a fascinating
range of entities and actions underlies both orgasm and the
reproductive process. Here, we present some insights into
the process of orgasm by examining several of the compo-
nents and circumstances that surround the event.

Male Erection

Sexual stimulation of the penis or psychogenic (cognitively
induced) arousal activates parasympathetic nerves extend-
ing from the sacral (pelvic) region of the spinal cord and
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terminating in the corpora cavernosa of the penis—the tissues that
become engorged with blood to produce erection. (The parasympa-
thetic system is a component of the involuntary, or “autonomic,”
nervous system.) There is substantial evidence that these sacral para-
sympathetic nerves are stimulated by oxytocin-containing neurons
that originate in the brain—in the paraventricular nucleus of the
hypothalamus—and project their axons, the nerve fibers that com-
municate with other neurons, down the spinal cord as far as the
sacral level. Indeed, Argiolas and Melis (2005) reported that elec-
trical stimulation of the paraventricular nucleus in male rats elic-
its penile erection and that oxytocinergic neurons (neurons that
communicate with other neurons by releasing oxytocin as their
chemical transmitter) are of particular importance in penile erec-
tion. These neurons project to the lumbar-sacral region of the spi-
nal cord (the region that controls the lower back and pelvic region)
to synapse with neurons that course in the hypogastric and pelvic
nerves and in the sympathetic chain (an autonomic nerve pathway)
to the pelvic plexus, and from this through the cavernous nerves
directly to the corpora cavernosa of the penis. These oxytocinergic
neurons are seemingly the only descending pathways by which the
central nervous system influences erectile function (at least, the
only ones identified with any degree of certainty to date).

This oxytocinergic spinal cord projection pathway is unusual
because in this pathway oxytocin is acting as a neurotransmitter,
although it also has hormonal functions. In milk ejection in women,
for example, the oxytocinergic neurons in the paraventricular nu-
cleus release oxytocin into the bloodstream from the posterior pi-
tuitary gland. Oxytocin is also released into the bloodstream dur-
ing orgasm in both women and men (Carmichael, Warburton, et
al., 1994). Therefore, oxytocin—a “neurohormone”—can act both
as a hormone, by its release into the bloodstream, from which it
stimulates involuntary muscle contraction of the breast and uterus,
and as a neurotransmitter, by its release within the central nervous
system (spinal cord and brain), where it stimulates other neurons.



Oxytocin also functions as a neurotransmitter in the spinal cord
in females, to dilate the pupils of the eyes. We do not understand
the function, if any, of this pupil dilation, but it is a very distinct re-
sponse in women during vaginal self-stimulation leading to orgasm
(Whipple, Ogden & Komisaruk, 1992). Pupil dilation is known to
be an indicator of strong arousal and interest in humans. We also
know that in rats, the female’s pupils dilate dramatically when the
male rat ejaculates into her during mating (Szechtman, Adler &



Stimulation of the skin of the penis
sends impulses along the dorsal nerve
to the spinal cord, reflexively activat-
ing the cavernous nerve, which re-
laxes the trabecular smooth muscle
of the penis. This allows the sinusoids
to dilate and the helicine arteries to
expand, which increases the blood
flow into the sinusoidal spaces of the
corpora cavernosa, thus filling them.
The filling sinusoids press outward
against the nonelastic capsule (tunica
albuginea), compressing the penile
veins against the tunica and prevent-
ing blood from leaving the penis. The
increased flow of blood into the penis,
and the decreased escape of blood,
creates the erection. The main nerves
and blood vessels that supply the pe-
nis are labeled. (Image courtesy of the
New England Journal of Medicine; from
Lue, 2000)

Komisaruk, 1985). This response is due to the vaginal stimulation
of oxytocin release into the spinal cord at the site of origin of the
nerves that control the pupils. Several pieces of evidence in labora-
tory rats support this: (1) vaginal stimulation releases oxytocin in
measurable amounts into the spinal cord (Komisaruk & Sansone,
2003); (2) injection of an oxytocin receptor-blocking drug into
the spinal cord at that (thoracic) site attenuates the pupil-dilating
effect of the vaginal stimulation (Sansone & Komisaruk, 20071);
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and (3) oxytocin receptor sites are found on neurons in the same
(thoracic) region of the spinal cord (Veronneau-Longueville et al.,
1999).

In human males, the following sequence of events occurs on
stimulation of the sacral parasympathetic nerves that innervate the
penis (this information is largely based on reviews by Lue, 2000,
2001). The nerves release nitric oxide (NO), acetylcholine, and
vasoactive intestinal peptide (a neuropeptide). They also stimulate
the release of relaxing factors from the endothelial cells that form
the lining of the blood vessels in the penis. The released neurotrans-
mitters have the combined effect of relaxing the smooth (“involun-
tary”) muscles of the corpora cavernosa, the corpus spongiosum
(the column of erectile tissue between the corpora cavernosa), and
the blood vessels of the penis. Relaxation of the smooth muscles
that control the diameter of the arterioles (small-diameter arteries)
to the penis allows increased blood flow to the penis. At the same
time, relaxation of the smooth muscles (known as “trabeculae”)
of the corpora cavernosa increases the flexibility, or compliance,
of the cavernosal sinusoids (blood reservoirs), thereby allowing the
increased blood flow to rapidly fill and expand the corpora cav-
ernosa. The connective tissue capsule, the tunica albuginea, that
encloses the corpora cavernosa is not resilient or stretchable. When
the corpora cavernosa become engorged with blood, they “inflate”
against the nonresilient encapsulating tunica, thus making the pe-
nis rigid. The compression against the tunica albuginea almost to-
tally closes down the veins that drain blood from the penis, thus
trapping blood within the corpora cavernosa. At full erection, the
pressure builds to approximately roo millimeters of mercury (mm
Hg), which is somewhat higher than a typical diastolic blood pres-
sure (70 to 9o mm Hg).

The NO, acetylcholine, and vasoactive intestinal peptide re-
leased into the penis in response to the sacral parasympathetic
nerve stimulation are termed “first messengers.” The NO and
the vasoactive intestinal peptide stimulate the production of “sec-
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ond messengers,” which are cyclic nucleotides. Relaxation of the
smooth muscle of the blood vessels and of the corpora cavernosa
is produced by the action of two cyclic nucleotides, cGMP (cyc-
lic guanosine monophosphate) and cAMP (cyclic adenosine mo-
nophosphate). The phosphate in these compounds combines with
protein molecules in the smooth muscle in a process of “protein
phosphorylation,” causing an expansion of the muscle protein and
consequent relaxation of the muscles, much like fingers loosening
their grip on a hose. The dilating blood vessels increase the blood
flow into the penis, leading to erection as described above.

Because penile erection is so dependent on adequate blood flow,
erectile dysfunction can provide an early warning “red flag” for
impending vascular (blood vessel) disease. Erectile dysfunction in
otherwise asymptomatic men may be a marker of a silent vascular
disease, especially coronary artery disease, and provides an impor-
tant new means of identifying those at risk for such disease (Kirby
et al., 2001).

Erection is normally short-lived, because an enzyme in the
penis, phosphodiesterase-5 (the suffix -ase denotes “enzyme”),
breaks down the cAMP and ¢GMDP, thereby inactivating them.
Pharmacological blocking of the phosphodiesterase activity pro-
longs the action of the two nucleotides, intensifying and prolong-
ing the smooth muscle relaxation and hence the erection. This is
the mechanism of action of sildenafil and chemically related erec-
tion enhancers, known by the trade names Viagra, Cialis, and Levi-
tra. An interesting historical note is that this erection-enhancing
effect was discovered serendipitously in the course of developing a
blood pressure—lowering drug for the treatment of angina pectoris
(cardiac-related constricting pain in the chest).

Because the erection-enhancing drugs require the presence of
the cyclic nucleotides in order to act, their effect requires stimula-
tion of the nerves that release the cyclic nucleotides in the penis.
This nerve stimulation is produced either reflexively by mechanical
stimulation of the penis or by cognitive sexual arousal. Reflexively,



The nerve supply of the male genital system. Note the dense nerve supply especially to the
penis, the testicle, and the prostate gland, which is located centrally inside the pelvis. (Image
courtesy of Anatomical Travelogue)

the sensory signals are transmitted into the spinal cord, where they
stimulate output via the nerves projecting to the penis. Cognitively,
the brain sends neural signals down the spinal cord and out via the
same nerves to the penis.

In addition to the nerves that control the smooth, or “involun-
tary,” muscles of the penis, another pair of nerves, the pudendal
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nerves, convey impulses to the “voluntary,” striated muscles of
the perineum—the ischiocavernosus muscles. Contraction of these
muscles intensifies the erection. When the ischiocavernosus muscles
are contracted voluntarily, they compress the base of the blood-
filled corpora cavernosa and the erection becomes more rigid. Dur-
ing this phase, both the inflow and outflow of blood temporarily
cease, and the intracavernous pressure may reach a magnitude of
several hundred millimeters of mercury, much higher than resting
blood pressure.

Contraction of the ischiocavernosus muscles also moves the erect
penis to a more upright position and participates in the rhythmical
expulsion of semen during ejaculation. In addition, voluntary con-
traction of these muscles has the effect of contracting the external
anal sphincter. These are the same muscles that women and men
contract voluntarily in Kegel exercises, used by people wishing to
control urinary incontinence.

The detumescence of (emptying of blood from) the penis that
occurs after ejaculation is produced by activation of the involun-
tary-sympathetic hypogastric nerves. Detumescence can result from
cessation of neurotransmitter release, breakdown of second mes-
sengers by phosphodiesterases, or sympathetic nerve discharge, or
any combination of these. Contraction of the trabecular smooth
muscle reopens the venous channels, the trapped blood is expelled,
and flaccidity (loss of erection) returns (Lue, 2000, 20071).

The sympathetic nerves are apparently tonically active (fonic
describes a continuous or sustained level of activity), since intra-
cavernous administration of drugs that block the action of the neu-
rotransmitters released by the sympathetic nerves—drugs such as
phentolamine or phenoxybenzamine, known as “alpha-adrenergic
receptor blockers”—produces erection in men. Brindley (1986)
demonstrated the potency of this mechanism:

In the course of developing treatments for erectile impotence and pria-
pism [prolonged erection] . . . I made, on myself as subject, observa-
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tions on the actions of a number of other drugs . . . The very prolonged
erection caused by phenoxybenzamine and phentolamine. . . . [is] entirely
undiminished by concentration on exacting intellectual tasks . . . Objec-
tive indications that psychological factors contribute little . . . are the
fact that during one phentolamine erection I took an urgent and wor-
rying telephone call without losing the erection. On the other hand,
attention to involuntary swelling of the penis is somewhat sexually
arousing, so a slight or moderate tumidity caused by a drug is almost

certainly sometimes increased briefly by the act of measuring it.

Male Orgasm and Ejaculation

In a review published in 2005, Levin stated that “remarkably, a
detailed, non-disputed physio-anatomical description of the mech-
anism of human ejaculation has still to be produced.” Two main
questions have evidently not been resolved. How exactly are the
spurts of semen produced? And, is the pleasurable sensation of or-
gasm a consequence of the sensory activity produced by the ejacu-
lation mechanics, or is it primarily a brain phenomenon that is
additively and pleasantly enhanced by the sensory activity gener-
ated by the expulsive flow of semen at ejaculation? We review here
some of the most relevant experimental evidence and present a
presumptive scenario, with the disclaimer that it will certainly need
revision as more information becomes available. This is a case in
which an understanding of the structure of a system is key to un-
derstanding its function.

From a purely mechanical standpoint, smooth muscle contrac-
tion alone is probably not strong enough or sudden enough to emit
semen in spurts. Therefore, precise temporal coordination is nec-
essary between the smooth muscle contraction of the ejaculatory
duct system and of the sphincter muscles (acting much like purse
strings) interposed in the path of semen flow. Thus, (1) the ducts fill
(in the process of emission), (2) pressure builds up behind a closed
sphincter valve (the entity consisting of the semen-filled duct and



The anatomy of the male genital system.The sperm begin their journey by leaving the testicle
via the thin, tubular vas deferens, which passes up and over the large, oval-shaped (light col-
ored) pubic bone, then over (horizontally across the top right of the image), behind, and under
the urinary bladder (large hollow oval). At this point the sperm pass through the prostate gland
(below the bladder and to the right of the pubic bone), then immediately enter the urethra (thin,
dark-colored passageway). Seminal fluid is added into the urethra from the prostate and the
seminal vesicles (elongated structure behind [to the right of] the urinary bladder). The sperm and
seminal fluid pass along and out through the penis. (Image courtesy of Anatomical Travelogue)

sphincter is termed the “pressure chamber”), (3) sudden release
of the sphincter valve emits a spurt of semen (ejaculation), (4) the
ducts fill again behind a reclosed sphincter, and (5) a repeat of the
process results in another spurt of semen. The process repeats sev-
eral times in rapid succession in a matter of a few seconds.
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The initial, emission, stage in the ejaculation process is produced
by contractions of the smooth muscle in the capsules of the testes,
seminal vesicles, and prostate and the smooth muscle of the ducts
of the epididymis and vas deferens. The vas deferens contracts as
a unit, from the caudal (end part) epididymis to the ejaculatory
duct of the prostate; the seminal vesicles contract by peristalsis (a
traveling wave of muscle contraction and relaxation in this tubu-
lar organ that propels the semen onward). The contractions of this
smooth muscle are stimulated by activation of the sympathetic di-
vision of the autonomic nervous system via the hypogastric nerve
(which exits the spinal cord at levels thoracic 10 to lumbar 2). The
evidence for this mechanism came from the observation that ad-
ministration of a sympathetic division receptor blocker (phentol-
amine or phenoxybenzamine) prevented discharge of semen into
the urethra (Brindley, 1986; Gerstenberg, Levin & Wagner, 1990).
Also, electrical stimulation of the hypogastric nerves produced
contraction of the bladder neck, prostate, seminal vesicles, and
ejaculatory ducts, thereby simulating natural emission.

The pressurized semen is retained in the duct system by con-
traction of sphincters. Contraction of the proximal sphincter (also
known as the internal prostatic sphincter) prevents the backflow
of semen into the bladder. Failure of this sphincter to close suffi-
ciently during ejaculation permits semen to make a U-turn and en-
ter the urinary bladder, which is termed “retrograde ejaculation.”
Concurrently with contraction of the proximal sphincter, the distal
sphincter (the external prostatic sphincter) relaxes and prostatic
contractions begin (Vale, 1999). This allows the pressurized semen
to move from the “bulbous” urethra, which is in the pelvis, into
the “pendulous” urethra, which is in the penis. This sphincter co-
ordination allows typical, anterograde (forward) ejaculation.

At orgasm, under the control of the pudendal nerve (which exits
the spinal cord at sacral levels 2 to 4), the pelvic striated muscles,
especially the bulbocavernosus muscle, start contracting rhyth-
mically and involuntarily. Brindley (1986) pointed out a curious
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property of this muscle: “The contractions of the bulbocavernosus
muscles, though they are of voluntary muscle, are strictly reflex
and not inhibitable by any effort of will.” Furthermore, while in-
voluntary contraction of this muscle during ejaculation feels plea-
surable, voluntary contraction of the muscle at other times does
not produce a comparably pleasurable sensation (Levin, 2005).

The distal sphincter opens and closes in closely coordinated tem-
poral relation with the contraction of the bulbocavernosus muscle.
The intermittent opening and closing aids in propulsion of the se-
men through the bulbous urethra to the pendulous urethra. The
importance of the coordination of the opening and closing of the
distal sphincter is shown by the finding that if the sphincter be-
comes paralyzed or is incapacitated by experimental anesthesia, a
dripping seminal emission, rather than ejaculation, occurs (Levin,
2005).

Also contributing to ejaculation is the contraction of the perineal
muscles and anal sphincter, mediated by the voluntary nervous sys-
tem. In addition, bladder neck contraction occurs synchronously
under the control of the sympathetic division of the involuntary
(autonomic) nervous system (Vale, 1999).

As pointed out by Levin (2005), the existence of a pressure
chamber created in part by the action of the sphincters, a concept
initially proposed by Marberger (1974), has not been confirmed.
Two sonographic studies failed to find evidence of the ballooning
of the urethra that would support the pressure chamber concept
(Gil-Vernet et al., 1994; Hermabessiere, Guy & Boiteaux, 1999).
However, it is possible that the methodology did not have suffi-
cient resolution to detect the expected distention of the duct sys-
tem. Thus, despite lack of positive evidence, it would be premature
to dismiss the pressure chamber concept of ejaculation described
above.

There is still the unresolved issue of what initially triggers the
cascade of events leading to ejaculation. Is it triggered reflexively
by the sensory activity generated by the increased pressure of se-
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men in the duct system? Or is it triggered independent of the pres-
sure in the duct system, when excitation in the brain or spinal cord
reaches a critical level? The evidence leans toward the latter.

The major experimental evidence against the involvement of semen
volume specifically initiating the striated muscle contractions [of or-
gasm] is that subjects taking [sympathetic nerve] adrenergic blockers
have striated muscle contractions with orgasm, but little or no ejacu-
late is produced because the emission phase is blocked. Our two sub-
jects who were given phenoxybenzamine were both able to stimulate
themselves to orgasm and the bulbocavernosus muscles fired off in
their normal clonic pattern [i.e., rapid alternation of muscle contrac-
tion and relaxation]. No semen was ejaculated in one of the subjects
while the other had at least 3 contractions of the bulbocavernosus
muscle before the reduced semen volume was ejaculated . . . Both sub-
jects reported that their orgasms felt normal and were apparently un-
influenced by the adrenergic blocker. It is unlikely that the trigger for
the initiation of the bulbocavernosus muscle contractions is dependent
on a critical volume distension by the semen of any internal organs.
All we can postulate is that central/spinal ejaculation centres activate
the contractions when they reach a critical firing level. (Gerstenberg,
Levin & Wagner, 1990)

Shafik (1998) provides further evidence against the involvement of
semen pressure in the urethra in triggering ejaculation. He inserted
an expandable bulb into different regions of the urethra of human
subjects and found that the bulbourethral striated muscle contrac-
tion that accompanies ejaculation was not elicited by a normal
magnitude of distention of the urethra, but only by supernormal
distention. According to Levin (2005), “What is certain is there are
definite occasions where the ejaculatory mechanism is activated,
yet no seminal fluids enter the prostatic urethra.”

On the question of where orgasm is perceived, certainly the flow
of semen through the urethra can be perceived and is pleasurable.
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However, it probably contributes to the pleasurable sensation of
orgasm rather than creating it, as evidenced by the existence of
dry orgasms. Thus, the trigger for ejaculation does not seem to be
a peripheral stimulus but is probably generated by the brain and
conveyed to the spinal cord and then out to the periphery.

Two other curious aspects of orgasm in men are noteworthy.
Brindley (1983) noted that “ejaculation and orgasm do not neces-
sarily require erection. Erection can be prevented by compression of
the pudendal arteries by a mechanical device. If this is done, ejac-
ulation and orgasm can still occur, the penis remaining entirely
flaccid.” And in rare cases, orgasm in men can occur without any
mechanical stimulation. According to Kinsey, Pomeroy, and Martin
(1948), three or four men out of five thousand reported being able
to experience ejaculatory orgasm without mechanical stimulation.

Spinal Cord Control of Erection and Ejaculation

Erection and ejaculation are under the direct control of specific
parts of the spinal cord, which in turn are controlled by the brain.
Complete spinal cord injury, producing an absence of sensation
and voluntary movement below the level of the injury, is devastat-
ing to people’s lives. Some men and women with such injury have
told us that the most troublesome aspect is not the inability to walk
or even compromise of their sexual activity but their loss of control
over bladder and especially bowel function.

The effects of spinal cord injury on erection and ejaculation de-
pend to a significant extent on the location and completeness of the
injury. The genital outflow nerves leave the spinal cord at two lev-
els: one set of nerves (sympathetic nerves) at the lumbar level, just
below the midlevel of the ribs, and the other set (parasympathetic
nerves) at the sacral level, near the tailbone.

If the spinal cord injury is above the midrib level (closer to the
head), the impulses from the brain that descend through the spinal
cord to both sets of genital nerves are blocked, preventing penile
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erection in response to sexual thoughts (“psychogenic” erection).
However, because these nerves carrying impulses between the spi-
nal cord and the genitals are not themselves damaged by the injury,
erection can be elicited reflexively (via the parasympathetic nerves)
by direct mechanical stimulation of the penis. But because the im-
pulses produced by the direct penile stimulation cannot reach the
brain, the person cannot feel the stimulation.

With the same, above-midrib level of spinal cord injury, direct
penile stimulation can also reflexively elicit ejaculation (via the
sympathetic nerves). But, if the injury is lower down the spinal
cord (between the lower-rib level and the tailbone), direct penile
stimulation can produce reflexive erection but not ejaculation, be-
cause although the input from the penis to the parasympathetic
nerves is intact, it cannot ascend the spinal cord to reach the sym-
pathetic nerves that control ejaculation. In such cases, because the
person cannot feel penile stimulation, he reportedly does not have
an orgasm. (For details, see Bors & Comarr, 1960; Chapelle, Du-
rand & Lacert, 1980; Netter, 1986; Shafik, 1998, 2000; Steers,
2000; Bird et al., 2001; Coolen et al., 2004; McKenna, 2005.)

Female Orgasm and Reproduction

During orgasm in women the uterus contracts rhythmically. A con-
troversial concept of the role of these contractions is that they have
an “insuck” effect that pulls semen into the uterus, from where
sperm cells pass up the fallopian tubes and meet the ovulated egg.
If fertilized, the ovum passes down into the uterus and implants
into the uterine wall.

At orgasm, a woman’s blood pressure and heart rate reach ap-
proximately double their resting levels. This increases the rate of
blood flow in the body and thus carries increased oxygen and nu-
trient supply to the muscles and other organs, supporting their in-
creased metabolic activity. There is also a marked reduction in sen-
sitivity to pain at orgasm, to about half the resting level, although,
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curiously, sensitivity to touch is not decreased and may even be
enhanced (Komisaruk & Whipple, 1984; Whipple & Komisaruk,
1985). Anecdotally, it has been noted that intense muscular activ-
ity at orgasm may lead to bruising or scratching without awareness
of pain, yet simultaneously, a single hair on the tongue may be par-
ticularly distracting. This indicates how the different sense modali-
ties (touch and pain) are differentially affected during orgasm. The
insensitivity to pain may promote a more intense forcefulness of
bodily contact and intromission than would be acceptable to the
partners otherwise, which could lead to a reflexive intensification
of the uterine contractions, thus promoting the insuck of semen
into the uterus. The timing of the insuck of semen in relation to
sperm capacitation (the process that renders sperm capable of fer-
tilizing an egg) has been discussed critically by Levin (2002).

The original model of sexual response in women—that is, the
bodily events leading up to and including orgasm—was proposed
by Masters and Johnson (1966):

— Excitement phase: image, fantasy, memory, sensory stimulus

—Plateau phase: increased blood flow to vagina, vaginal dila-
tion, vaginal lubrication

—Response or orgasm phase: muscle contraction of lower anus
and lower pelvic muscles, uterine contractions, vaginal con-
tractions (orgasm)

—Resolution phase: satisfaction, relaxation (decreased blood
flow to sex organs, relaxation of muscle tone), euphoria

This characterization was later modified and expanded to view the
plateau phase not as a separate stage but as a late-stage excitation
(Robinson, 1976), and then to add an earlier stage (Kaplan, 1979),
“desire,” as first characterized by Lief (1977). The concept of sex-
ual desire was subsequently differentiated into two different types:
spontaneous or induced by physical excitation (Levin, 2002).
Giuliano, Rampin, and Allard (2002) recently expanded the



Left. Stages in the develop-
ment of a human egg (ovum).
The earliest stages are shown
at the top of the image, with
successive stages toward the
bottom. In the middle, the ovum
is shown bursting out of its
capsule (the ovarian follicle).
After the ovum is released, the
follicle becomes smaller and
starts to secrete progester-
one, which stimulates uterine
growth. Right. The anatomy

of the female genital system.
The path of the ovum is rep-
resented here by multiple ova
(typically, just one ovum is
ovulated per menstrual cycle).
An ovum (oversized to show
details) enters the fallopian
tube at its feathery ostium
(mouth) and travels through
the tube into the uterine cavity
(lumen). If the ovum s fertil-
ized, it implants in the uterine
wall. The cervix and upper por-
tion of the vagina are at the
lower right side of the figure.
(Images courtesy of Anatomical
Travelogue)
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characterization of the plateau and response phases. They describe
“female genital sexual response” as a “combination of vasocon-
gestive and neuromuscular events in the genital tract and pelvic
floor which include blood engorgement of the vagina and clitoral
erection . . . The genital structures that undergo the vasculogenic
changes are the labia, the periurethral glans, the urethra, and Hal-
ban’s fascia. The inner vaginal lumen widens first, followed by a
progressive increase of vaginal luminal (tubular space) pressure
from sexual arousal to orgasm. This culminates in a series of clonic
[repetitive] contractions of striated [‘voluntary,’ e.g., pelvic floor]
and smooth [‘involuntary,” e.g., vaginal] muscles at orgasm.”

Maravilla et al. (2005) describe a sequence of engorgement of
the labia and clitoris during sexual arousal. On initial erogenous
stimulation, there is increased blood flow to the internal and ex-
ternal genitals, including the clitoris and labia, and they become
engorged with blood.

The lubrication and genital swelling that occur during sexual
arousal may be reduced in women who have undergone total hys-
terectomy (removal of uterus and cervix) if the lateral anterior and
posterior ligaments supporting the uterus and cervix are also re-
moved. These ligaments provide the anatomical pathway for the
pelvic autonomic nerves between the uterus and cervix and the
spinal cord (Maas et al., 2003).

Fertilization

An intricately coordinated physiological process between male and
female sexual systems enables fertilization. In women, orgasm is
evidently not one of the components that is essential to fertiliza-
tion. As Vance and Wagner (1976) stated, “There appears to be no
relationship between orgasmic capacity in the female and her fe-
cundity” (fecundity here means likelihood of becoming pregnant).
However, several studies, reviewed below, suggest that orgasm
may assist the process.
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The cyclical growth and shrinkage of the vaginal, cervical, and
uterine epithelium (the layer of cells forming the internal lining of
these organs) and their blood supply is controlled by the cyclical
waxing and waning of estrogens and progestins, steroid hormones
secreted mainly by the ovaries.

The vaginal epithelium is not glandular—that is, does not secrete
any substances—yet a vaginal lubricant is produced. In response
to the release of vasoactive intestinal peptide by nerve endings in
the vagina, the slippery fluid passes from the blood in the capillar-
ies through the cells of the vaginal lining and into the vaginal ca-
nal. This process, termed “transudation,” is fundamentally distinct
from the more familiar lubrication systems that involve secretion
by glands (Levin, 1998). Another neuropeptide, neuropeptide Y,
may contribute to transudation, in addition to a relatively recently
recognized neurotransmitter—nitric oxide (the same neurotrans-
mitter that stimulates penile erection) (Hoyle et al., 1996). This
neurotransmitter process also increases the blood flow and feeling
of congestion in the vagina, and its buffering action neutralizes the
initial acidity of the vagina, thereby promoting sperm metabolism,
motility, and survival (Levin, 1998).

Some sperm cells move freely in the semen, but others are tem-
porarily trapped in the semen coagulate. Enzymes in the semen
gradually decoagulate the semen to liberate sperm, thereby pac-
ing the release of sperm and entry into the uterus. The semen also
contains prostaglandins, some of which stimulate, and others in-
hibit, the contraction of smooth muscles of the vagina, cervix, and
uterus.

During sexual excitement, the vaginal canal relaxes and dilates,
and smooth muscle in the connective tissue attached to the ante-
rior wall of the vagina (i.e., the region closest to the surface of the
abdomen) pulls on the anterior vaginal wall thus expanding the
vaginal canal, which results in a “tenting” of the canal (Levin,
1998, 2002). Levin speculates that the tenting has two functions.
First, it may reduce friction on the penis, delaying ejaculation and
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providing an opportunity for more stimulation by the thrusting
penis to increase the magnitude of the vaginal tenting. Second, the
tenting may lift the cervix away from the pool of semen following
ejaculation, at the same time creating a reservoir for the semen.
This may delay the passage of sperm through the cervix, allowing
more time for decoagulation and hence one form of capacitation
of the sperm. A caveat in Levin’s model is that the lifting away of
the cervix from the pool of semen may pertain in the case of ejacu-
lation during intercourse in the “missionary” position, but not in
the “rear-entry” or “woman-on-top” positions.

Alzate and Londono (1984) have suggested a different poten-
tial consequence of the tenting of the vagina during sexual inter-
course. They found that 6o percent of their female subjects had
never or almost never experienced a coital orgasm, indicating that
“coitus is an inefficient method of inducing female orgasm.” They
accounted for this on the basis that if the woman reaches an ad-
vanced stage of sexual arousal, ballooning (i.e., tenting) of the up-
per part of the vagina could occur and would preclude any further
contact between the glans penis and the erogenous zone if coitus
is in the missionary position. However, if coitus is in the rear-entry
or woman-on-top position, there is a much better chance for the
penis to effectively stimulate the anterior vaginal wall (Grafenberg,
1950), which could trigger an orgasm. Other investigators found
no tenting when the anterior vaginal wall (and thus the G spot)
was stimulated and the woman experienced orgasm. Under those
conditions, the cervix was found to dip into the seminal pool in the
vagina (Perry & Whipple, 1981, 1982; Ladas, Whipple & Perry,
1982, 2005). Thus, there are still significant and unanswered ques-
tions about the significance for fertilization of the vaginal tenting
phenomenon.

Here we present a selectively simplified synthesis of the relation-
ship between woman’s orgasm and the transport of sperm to the
fallopian tubes, where further sperm capacitation and fertilization
occur. The main caveat is that some of the evidence is based on re-
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search that addressed isolated aspects of the process—such as pro-
cesses that could account for semen flow through the uterus—and
was carried out under non-orgasm conditions. Another caveat is
that the evidence is based on studies with a widely variable number
of experimental human subjects, ranging from many to just one.

The muscular activity of the uterus is spontaneous during the
menstrual cycle, contractions sometimes occurring several times
per minute. As an ovum matures in its ovarian follicle (the follicle
is the capsule that encloses each ovum as it develops in the ovary)
in the days just before ovulation, the nature of the uterine con-
tractions changes. In the earlier days of the menstrual cycle, the
contractions start at the region of the uterus termed the “fundus,”
which is closest to the ovaries, and progresses in peristaltic waves
toward the cervical end. In the days immediately before ovulation,
as an ovarian follicle matures and approaches the time of ovula-
tion, the direction of the peristalsis reverses, starting at the cervical
end and moving toward the fundus. This latter peristaltic move-
ment creates a suction effect against the internal, uterine surface of
the cervix that could aspirate sperm from the vagina into the uterus
and move the sperm toward the fundus (Kunz et al., 1996). The
fallopian tubes open at the fundus. They receive a mature ovum
discharged from the ovary at one end (the ostium) and receive
sperm at the other, fundal, end, the two cells meeting and fertilizing
in the middle of the tube.

During sexual intercourse, physical stimulation of the clitoris,
vagina, cervix, breasts, and nipples stimulates secretion of oxyto-
cin from the posterior lobe of the pituitary gland into the blood-
stream. The oxytocin is maximally released starting within one
minute after orgasm (Blaicher et al., 1999). The oxytocin is con-
veyed through the bloodstream to the uterus, where it stimulates
an intensification of the uterine muscle contractions. In the min-
utes leading up to orgasm, there is a buildup of pressure inside
the uterus. This may actually expel some mucus out through the
cervical opening (the os) and into the vagina. Then, within about
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one minute after orgasm, a negative pressure develops in the uterus
that persists for about one to two minutes (Fox, Wolff & Baker,
1970). If the man has ejaculated, the cervical mucus expelled into
the vagina can entrap sperm, and the negative pressure that has
developed in the uterus has the potential to suck the sperm embed-
ded in the mucus back through the cervix and into the uterus.

Several different studies have shown that sperm can be trans-
ported all the way from the vagina through the cervix, through the
uterus, and into the fallopian tubes remarkably fast. This rapidity
of transport cannot be accounted for by the swimming ability of
sperm. Indeed, radioactively labeled inanimate particles (albumin
tagged with technetium) were shown to be transported from the
vaginal surface of the cervix all the way to the fallopian tubes
within as little as one minute (Kunz et al., 1996). Clearly, motility
is not necessary for the transport of sperm into the uterus. It is not
clear to what extent the motility of the sperm participates in their
travel. The motility may be more closely involved in the access of
sperm to the ovum once they have been carried passively to its lo-
cal environment in the fallopian tube (Eisenbach, 1995).

A study under natural conditions suggested that women’s or-
gasm sucks ejaculated sperm into the uterus (R. R. Baker & Bellis,
1993, 1995). (We point out some problems with these data after
presenting the authors’ interpretation.) Baker and Bellis reported
that a specific type of vaginal secretion, termed “flowback,” is
normally expelled by women after sexual intercourse. After in-
tercourse during which the man ejaculates, the flowback contains
sperm. In this study, the authors counted (under the microscope)
the number of sperm contained in the flowback in relation to
the time at which the woman’s orgasm occurred relative to her
partner’s ejaculation. They found relatively few sperm cells in the
flowback when the woman’s orgasm started between one minute
before and about forty-five minutes after her partner’s ejaculation.
By contrast, when the woman’s orgasm occurred earlier than one
minute before the man’s ejaculation, there were far more sperm in
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the flowback. In other words, the woman’s orgasm apparently gen-
erated a suction within the uterus that aspirated the sperm into the
uterus, thus reducing the number of sperm in the flowback.

Other research found a curious correlation with this timing of
orgasms: women’s desire to become pregnant could be predicted
by the frequency of orgasm after the partner’s orgasm; frequency
of orgasm before the partner’s orgasm was not a significant predic-
tor of desire for pregnancy. Desire to get pregnant was positively
predicted by active sexual participation or “taking charge of the
situation,” independent of other predictors. Active sexual partici-
pation could enable the woman to manipulate the timing of her or-
gasm in relation to her partner’s ejaculation (Singh et al., 1998).

In the light of these findings, it would be informative to know
whether, in women who experience orgasm before the man ejacu-
lates, the uterus loses the vagina-to-ovaries direction of peristalsis
before ejaculation occurs and thus reduces the insuck of semen.

Levin (2002) suggested that the flowback losses in sperm count
reported by Baker and Bellis (1993, 1995) could be due to vaginal
tenting, which could provide a sperm-semen “reservoir space” for
ejaculated semen to pool at the vaginal face of the cervix, “thus
reducing potential ‘flowback’ losses.” However, this would not ex-
plain why the sperm count in the flowback up to one minute before
the woman’s orgasm is so much higher than immediately thereaf-
ter, the tenting already occurring. The tenting concept does not
seem to account for the sudden marked reduction in flowback loss
that occurs from one minute before to forty-five minutes after the
woman’s orgasm. The sudden drop in sperm count is much better
accounted for by orgasm insuck than by tenting.

There are two main problems with Baker and Bellis’s research.
First, the authors used a complex, highly derived (i.e., indirect)
formula for quantifying the sperm in the flowback, rather than
a straightforward tally of the numbers of sperm, making it dif-
ficult to know exactly what they measured. A second problem is
that while they reported the changes in sperm measurement in re-
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lation to the time before and after ejaculation and the woman’s
orgasm, they did not report control data to show the comparable
time course of their sperm measure in relation to ejaculation when
the woman did not experience an orgasm. These two problems
necessarily raise a caveat about the insuck concept. (For a further
and detailed critique of the insuck concept, see Lloyd, 2005.)

Through the use of radioactively labeled particles designed to
mimic sperm, researchers observed a remarkable process relevant
to fertilization (Wildt et al., 1998). They applied radioactive par-
ticles to the vaginal surface of the cervix and, using a scanner out-
side the body, photographed their trajectory through the uterus
and into the fallopian tubes. Rather than being distributed equally
between the two fallopian tubes, the radioactive particles were
transported predominantly to only one or the other tube. The tube
to which they were transported showed a significant tendency to
be on the same side as the ovary that was soon to ovulate. In other
words, if the ovary on the right side had the mature, predominant
follicle (the follicle containing the egg whose ovulation was most
imminent), then the predominant transport of the sperm-mimics
was to the fallopian tube on the right side.

When the mature follicle ruptures, it releases the ovum into the
fallopian tube, and, as noted above, it is typically in the fallopian
tube that a sperm encounters and fertilizes the ovum. Thus, Wildt
et al.’s elegant study shows that a mechanism exists to physically
maximize the access of the ovum to sperm. The authors suggested
that the basis for this left-right selective transport is that the devel-
oping ovarian follicle secretes a hormone (perhaps progesterone)
that produces a local relaxation of the smooth muscle of the fal-
lopian tube nearest to the follicle, thus opening it up, while leaving
closed the fallopian tube on the other side. This other side might be
comparably involved during the next menstrual cycle. Wildt et al.
summarized the importance of this one-sided favoritism as follows:
“That ipsilateral [same-side] transport has biological significance
is suggested by the observation that the pregnancy rate following
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spontaneous intercourse or insemination was significantly higher
in those women in whom ipsilateral transport could be demon-
strated than in those who failed to exhibit [such] lateralization.”

Capacitation of the sperm can occur in the isthmus of the ovi-
ducts, the junction between the uterus and each fallopian tube.
Capacitation is temporally coordinated with passage of the ovum
from the ovaries to the fallopian tubes, thereby optimizing the tim-
ing of fertilization.

After the ovum is released from its follicle, it can survive in the
fallopian tube and become fertilized for a period of about twenty-
four hours. In humans, there is no precise synchrony between the
time when an ovum is released from the ovary and the time of
sexual intercourse. By contrast, in certain species of mammals—
such as rabbits, cats, and the 13-lined ground squirrel—the female
releases ova only in response to copulatory vaginal stimulation, in
a process termed “reflex ovulation.” This precisely synchronizes
the time of ovulation with the passage of sperm. In women, by
contrast, the process of ovulation is characterized as “spontaneous
ovulation” and results from the spontaneously changing levels of
hormones during the menstrual cycle, independent of whether or
when coital stimulation occurs.

Although the released ovum has a lifespan of about twenty-four
hours, sperm cells have a lifespan of only one to four hours after
capacitation. To compensate for this difference, sperm are capaci-
tated and released from the ejaculated semen pool only gradually,
thereby spreading out in time the opportunity for a capacitated
sperm cell to reach and fertilize the ovum: 2 to 14 percent of the
sperm become capacitated at a time. This process increases the
window of opportunity for fertilization between the time of ovula-
tion and intercourse (Singh et al., 1998).

While it is widely recognized that a woman’s orgasm is not es-
sential to pregnancy, the studies described above provide evidence
that a woman’s orgasm may bring into play a combination of
physical processes that promote pregnancy. These processes could
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make a critical difference under compromised physiological con-
ditions, such as a relatively low sperm count. Furthermore, and
as pointed out by several authors (e.g., Thornhill, Gangestad &
Comer, 1995), the occurrence (or non-occurrence) and timing of a
woman’s orgasm, and the particular male partner, might influence
to some degree the probability of her becoming pregnant.

Menstrual Cycle and Rhythm of Intercourse

Steroid hormones that are produced and secreted by the ovaries and
adrenal cortex play an obligatory (essential) role in female sexual
behavior in many species of animals. That is, the females become
completely unreceptive to mating if the sources of the hormones
are surgically removed. By contrast, these “sex steroids” do not
play an obligatory role in humans. Rather, they play a modulatory
role: while sex steroids do exert an influence on sexual response,
women and men are, to a great extent, liberated from dependence
on the sex steroids for their sexual response and can experience
sexual responses despite wide fluctuations in, or absence of, these
hormones.

What is the difference between an obligatory role and a modula-
tory role? As a humble and culinary example, an egg plays an oblig-
atory role in an omelet but a modulatory role in a potato salad.

Estrogens stimulate growth of the vaginal epithelium. After
menopause, reduction in estrogens leads to thinning of the vaginal
wall, less vaginal lubrication, and a reduction of the vaginal lubrica-
tion induced by vasoactive intestinal peptide (Ottesen et al., 1987).

Statistically, there tend to be peaks of intercourse in humans
around the time of ovulation, and other peaks shortly before and
after menstruation. While the periovulatory peak has obvious
adaptive function, the basis for perimenstrual peaks is less obvi-
ous. Some authors have suggested several explanations for the peri-
menstrual peak: pent-up desire after voluntary abstinence during
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the ovulatory peak, loss of the fear of an undesired pregnancy, or,
as suggested by Levin (2002), loss of the antiandrogenic actions of
progestins and estrogens, which are at low levels perimenstrually.

It is androgens, secreted by the ovaries and by the adrenal cor-
tex, that seem to stimulate sexual desire in women. The androgens
may exert this action by a combination of increased genital skin
sensitivity (Salmon & Geist, 1943), a direct action on neurons in
the spinal cord and brain, enzymatic conversion of androgens to
estrogens (by a process termed “aromatization”), and the release
of or changed responsiveness to other neurotransmitters (e.g., do-
pamine, norepinephrine, serotonin), which stimulate or inhibit the
activity of other neurons, and neuromodulators (e.g., vasoactive
intestinal peptide, endorphins), which change the responsiveness
of neurons to neurotransmitters.

Androgens plus estrogens plus aromatization-produced estro-
gens have been shown to affect libido. In the laboratory rat, es-
trogen sensitizes the genital skin to touch (Komisaruk, Adler &
Hutchison, 1972; Kow & Pfaff, 1973—74), but the precise mecha-
nism for these effects is not known. Androgens also sustain the
clitoris, labia, periurethral glands, nipples, and pelvic musculature
(Levin, 2002).

The level of subjective sexual arousal evoked by erotic fantasy,
film, and audiotape remains stable across phases of the menstrual
cycle. This was demonstrated experimentally not only at the group
level, in which mean ratings of subjective sexual arousal were
compared across phases of the cycle, but at the individual level,
through correlation among ratings by the same person at different
cycle phases. Also, the relative ordering of women in terms of level
of subjective sexual arousal remained stable across the phases of
the menstrual cycle (Meuwissen & Over, 1992).

Thus, the menstrual cycle prepares the organs of the reproduc-
tive system for potential pregnancy in women’s repeating monthly
cycle over their reproductive years. By contrast with nonhuman
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mammalian species, in which female sexual behavior is more closely
tied to the timing of ovulation, the significant cognitive complexity
afforded by the human brain has created a more flexible and con-
sequently more variable link between reproductive physiology and
sexual behavior.



Are Orgasms Good for
Your Health?

rom the time of Hippocrates to Freud, doctors stimu-

lated orgasms in women and girls as a clinical proce-
dure known as “medical massage.” Ostensibly performed
to treat “hysteria,” the objective of medical massage was to
induce a “hysterical paroxysm,” manifested by rapid respi-
ration and pulse, reddening of the skin, vaginal lubrication,
and abdominal contractions. In ancient Egypt and Greece,
hysteria was believed to be the revolt of the uterus against
sexual deprivation (hyster means “womb” in Greek). Ra-
chel Maines (1989) described the late-nineteenth-century
medical treatment of hysteria with electric vibrators. She
reported that the electromechanical vibrator, introduced as
a medical appliance in the 1880s, was an innovation de-
signed to improve the efficiency of medical massage.

Medical massage disappeared from doctors’ offices in
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the 1930s. This was probably because hysteria was now treated by
a novel procedure: psychotherapy. And it seems that when the use
of mechanical stimulation became associated in the popular culture
with sexual arousal and pleasure, the embarrassed medical estab-
lishment turned away from its use as a therapy (Blank, 1994).

Sexual health is now discussed more openly, after generations of
being taboo. Not only is there interest in this subject in the medical
and research communities, but the general public and the media
are more openly discussing sexuality and sexual health. With the
approval in 1998 of the use of sildenafil (Viagra) to treat male erec-
tile dysfunction, research into male sexuality has increased. How-
ever, there is far less interest in, and far less literature on, female
sexuality than male sexuality. An electronic search of the hold-
ings of the National Library of Medicine yielded approximately
14,000 publications on male sexual disorders, but only 5,000 on
female sexual disorders. A search using the words sexual dysfunc-
tion turned up 17,000 publications for men and 9,000 for women.
Some claim that the assessment of sexual problems in women has
been neglected due to the lack of sensitive and reliable outcome
measures, because there is no defining, objective physical event
with which to measure arousal or orgasm in women, as there is
with penile erection in men (Rosen, 2002). We believe that in ad-
dition to the easier availability of objective measures of sexual re-
sponse in men, this sex discrepancy is probably due to a traditional
predominance of men as researchers in the field of sexual health
and in the pharmaceutical industry.

Epidemiological data from the National Health and Social Life
Survey (NHSLS) suggest that sexual problems affect 43 percent of
women and 31 percent of men in the United States (Laumann, Paik
& Rosen, 1999). These figures are based on a reanalysis of the data
from 1,749 women and 1,410 men, aged 18 to 59, who responded
to the 1992 NHSLS. Women who reported any sexual difficulty—
such as lack of desire, difficulty in becoming aroused, inability to
experience orgasm, anxiety about sexual performance, reaching
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orgasm too rapidly, pain during intercourse, or failure to derive
pleasure from sex—were considered to have a sexual disorder. The
researchers did not ask subjects about their level of distress, which
is now believed to be a key component in the diagnosis of sexual
disorder (K. P. Jones, Kingsberg & Whipple, 2005).

The International Consensus Development Conference on fe-
male sexual dysfunction, held on October 22, 1998 (reported by
Basson, Berman, et al., 2000), added “personal distress” to the ex-
isting definitions of sexual disorders. On the basis of the findings
of this panel, it became clear to other researchers and clinicians
that women do not respond in the male-typical “linear,” sequential
pattern of desire, arousal, and orgasm, and that women’s sexual
response is more complex than men’s. In addition, psychosocial
factors may play a greater role in women’s than in men’s sexual
response. Although more research is needed in this area, there is
currently a drive to address women’s sexual response more holisti-
cally than men’s and more comprehensively than in the past.

From 1979 to 1983, Davey Smith, Frankel, and Yarnell (1997)
conducted a study on the relationship between frequency of or-
gasm and mortality in the United Kingdom. At the ten-year follow-
up, they found that the mortality risk was 5o percent lower among
men who had frequent orgasms, defined in the study as two or
more per week, than among men who had orgasms less than once
a month. Even when controlling for other factors such as age, so-
cial class, and smoking status, a strong and statistically significant
inverse relationship was found between orgasm frequency and risk
of death—that is, the higher the frequency of orgasm, the lower the
risk of death. The authors concluded that sexual activity seems to
have a protective effect on men’s health.

A research study on middle-aged men suggested a relationship
between the levels of the hormone dehydroepiandrosterone (DHEA),
which is released into the bloodstream at orgasm, and a reduction in
the risk of heart disease (Feldman, Johannes, et al., 1998).

A study conducted from 1972 to 1975 examined the sex lives of
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a hundred Israeli women hospitalized with myocardial infarction
(heart muscle destruction due to sudden blockage of a blood vessel
that supplies the muscle), compared with a control group of a hun-
dred women hospitalized for other reasons (Abramov, 1976). The
groups were matched for age. Patients underwent a fifty-seven-
item interview about their sex lives, including questions on the in-
cidence of “frigidity” and the onset of menopause. (“Frigidity” in
this survey included a lack of enjoyment of sexual intercourse, an
inability to experience orgasm during intercourse that led to emo-
tional distress, or a lack of sexual intercourse due to a partner’s
illness or erectile dysfunction.) The data showed a statistically sig-
nificant positive correlation between frigidity and sexual dissatis-
faction and between frigidity and a history of heart attack.

It has been suggested that sexual expression may lead to a de-
creased risk of cancer, because of the increased levels of oxytocin
and DHEA associated with arousal and orgasm in women and
men. Murrell (1995) suggested a preventative role for oxytocin
in the development of breast cancer, in part by its action in aiding
the elimination from the breast of fluid containing carcinogenic
free radicals. And a study of male breast cancer conducted with 23
men in Greece found an inverse correlation between frequency of
orgasm during adulthood and the incidence of this cancer (Petri-
dou et al., 2000). The 23 men with breast cancer seemed to have
had, on average, fewer orgasms than the 76 healthy but otherwise
similar men in the comparison group. The authors speculated that
reduced conversion of testosterone to the androgenic hormone di-
hydrotestosterone may play a role in increasing the likelihood of
breast cancer in men.

On a less life-threatening level, there is evidence that orgasm
may help people go to sleep. Orgasm causes a surge in oxytocin
and endorphins that may have a sedative effect (Odent, 1999).
One study found that 32 percent of 1,866 American women who
reported masturbating in the previous three months did so to help
them fall asleep (Ellison, 2000).
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The relationship between orgasm and reproductive health was
assessed in a retrospective case-control study of 2,012 women in
the United States (Meaddough et al., 2002). The study examined
the relationship between sexual response, orgasm, and the inci-
dence of the often-painful disease endometriosis. The data showed
that women who engaged, sometimes or often, in sexual activ-
ity during menstruation were less likely to develop endometrio-
sis. These women were also more likely to report having orgasms
during menstruation than those who rarely had intercourse when
menstruating. The researchers concluded that sexual activity and
orgasm during menstruation have a potentially protective effect
against endometriosis.

Other researchers interviewed 1,853 pregnant women about
their sex practices, including frequency of intercourse and experi-
ence of orgasm (Sayle et al., 2001). The women were at approxi-
mately twenty-eight weeks of gestation. Follow-up interviews were
conducted later in the pregnancy and after delivery. Women who
reported sexual intercourse with orgasm, sexual intercourse with-
out orgasm, and orgasm without sexual intercourse were more
likely to carry their pregnancy to full term than women who re-
ported not engaging in any sexual activity late in their pregnancy.
The authors suggested that continued sexual activity late in preg-
nancy may provide some protection against preterm delivery.

Ellison (2000) reported that orgasm may provide relief from
pain. In the study, 9 percent of about 1,900 U.S. women who re-
ported masturbating in the previous three months cited relief of
menstrual cramps as their motivation. In a study of 83 women
who suffered migraine, Evans and Couch (20071) reported that or-
gasm resulted in at least some relief for more than 50 percent of
the women. Although relief of migraine through orgasm is less
reliable and less effective than relief through drug therapies, the
analgesic effect of orgasm is more rapid. Other research found that
vaginal self-stimulation resulted in a significant increase in experi-
mental pain thresholds (Komisaruk & Whipple, 1984; Whipple
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& Komisaruk, 1985). Pain threshold was measured as the force
at which a gradually increasing compression of the fingers became
painful. Continuously maintained pressure stimulation on the an-
terior vaginal wall produced a more than 50 percent increase in the
pain threshold (i.e., it produced analgesia). Comparable pressure
stimulation of the posterior vaginal wall had no significant anal-
gesic effect. In a second study, when the participants were asked
to apply the vaginal self-stimulation in a way that felt pleasurable
(rather than simply applying continuous pressure), significant an-
algesia, again measured as pain thresholds for finger compression,
was elicited from stimulation of all the genital regions (Whipple &
Komisaruk, 1988). In both studies, the greatest (more than 100%)
increase in pain threshold occurred when the self-stimulation re-
sulted in orgasm. The increased pain threshold was not associated
with a change in touch thresholds, measured as sensitivity to gentle
touch stimulation on the back of the hand. These findings indi-
cate that vaginal self-stimulation produces analgesia rather than
anesthesia (i.e., it suppresses pain without affecting sensitivity to
touch).

Sexual activity and orgasm have been shown to reduce stress
(Charnetski & Brennan, 2001). This may be due to the surge in
oxytocin that accompanies sexual activity and, to a greater extent,
orgasm. Increased levels of oxytocin are known to be associated
with reduced stress and an altered response to stress; orgasm re-
lieves tension as oxytocin stimulates feelings of warmth and re-
laxation (Weeks, 2002). In another study of 2,632 women in the
United States, 39 percent of those who masturbated said they did
so to relax (Ellison, 2000).

In men, two studies have provided evidence that a higher fre-
quency of ejaculations over the years is correlated with a lower
incidence of prostate cancer. In an Australian interview study of
more than 2,000 under the age of 70 (Giles et al., 2003), those who
recalled having had an average of four or more ejaculations per
week during their twenties, thirties, and forties had a significantly
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lower (by one-third) risk of developing prostate cancer than men
who reported an average of fewer than three ejaculations per week
during the same age period. There was no association of prostate
cancer with the number of sexual partners, suggesting that infec-
tious factors did not account for the difference. In their analy-
sis, the authors combined counts of ejaculations occurring during
sexual intercourse and masturbation. While the authors raised the
possibility of the mediation of these effects by hormonal factors,
no correlations have been established between incidence of pros-
tate cancer and any specific hormone. The mechanism for the ef-
fects observed in Giles et al.’s study remains unknown.

In a U.S. study (Leitzmann et al., 2004), relatively high ejacula-
tion frequency (at least 21 per month compared with 7 or fewer
per month) was related to a decreased risk of total prostate cancer
(organ-contained and advanced cancer combined) in a question-
naire study of more than 50,000 men aged 40 to 75 years. Ejacu-
lation frequency from sexual intercourse and masturbation was
combined. In addition to considering possible mediating mecha-
nisms of hormone levels and infection, the authors also speculated
that ejaculations may clear the prostate of potential carcinogenic
substances and that psychological stress reduction resulting from
ejaculation could reduce the release of prostate cell-stimulating
factors from nerves that supply the prostate.

There are several scientific review articles on the incidence of
death during coitus, with a focus on men but little information on
women. According to one medical examiner, “death in the saddle”
follows a pattern in which “the deceased is usually married; he is
with a nonspouse in unfamiliar surroundings after a big meal with
alcohol” (A. W. Green, 1975). Garner and Allen (1989), who refer
to the phenomenon also as “la mort d’amour,” cite one study in
which 14 of 20 cases of coital death occurred during extramarital
intercourse, although those cases comprised only 0.3 percent of
5,559 cases of sudden death. They cite another study in which cor-
oners estimated that “acute coronary insufficiency resulting from
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coitus is a fact, but the incidence rate is no more than three out of
every 500 subjects with heart disease.” Garner and Allen conclude
that “it is obvious that coital death is a rare occurrence, and that
reports of coital death of a middle aged, middle-class, male patient
with heart disease who engages in sexual activity with his wife of
20 or more years in their own bedroom is even rarer.”

In a more recent review (Safi & Stein, 2001), the authors caution
that the increases in heart rate and blood pressure that occur dur-
ing coitus might “precipitate the fracture or erosion of a vulnerable
atherosclerotic plaque with subsequent thrombus [clot] formation
and arterial occlusion.” However, they cite a survey of more than
1,700 patients in which “sexual activity was noted to be a poten-
tial triggering event prior to MI [myocardial infarction] in only 1.5
percent of patients.” These authors concluded that “absolute risk
caused by sexual activity is considerably low: one chance in one mil-
lion healthy individuals. Cardiac rehabilitation and exercise training
programs can reduce incidence of angina pectoris during sexual
activity.”

These various studies, taken together, provide a fairly convinc-
ing answer to the question posed by this chapter: orgasms are good
for your health, except in a small percentage of men (and perhaps
women?) with heart disease.



When Things Go Wrong

World Health Organization task force meeting in Ge-

neva in 2002 developed some working definitions re-
lated to sex, sexuality, and sexual health that provide a
useful context in which to discuss sex-related problems,
including what can go wrong with orgasm. (All definitions
quoted below are from www.who.int/reproductive-health/
gender/sexual-health.html.)

Sex, the task force participants wrote, “refers to the bio-
logical characteristics, which define humans as female or
male. (These sets of biological characteristics are not mu-
tually exclusive as there are individuals who possess both,
but these characteristics tend to differentiate humans as
males and females. In general use in many languages, the
term sex is often used to mean ‘sexual activity,” but for
technical purposes in the context of sexuality and sexual
health discussions, the above definition is preferred.)”

Sexuality is “a central aspect of being human through-
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out life and encompasses sex, gender identities and roles, sexual
orientation, eroticism, pleasure, intimacy and reproduction. Sexu-
ality is experienced and expressed in thoughts, fantasies, desires,
beliefs, attitudes, values, behaviors, practices, roles and relation-
ships. While sexuality can include all of these dimensions, not all of
them are always experienced or expressed. Sexuality is influenced
by the interaction of biological, psychological, social, economic,
political, cultural, ethical, legal, historical and religious and spiri-
tual factors.”

Sexual health is “a state of physical, emotional, mental and so-
cial well-being related to sexuality; it is not merely the absence of
disease, dysfunction or infirmity. Sexual health requires a positive
and respectful approach to sexuality and sexual relationships, as
well as the possibility of having pleasurable and safe sexual expe-
riences, free of coercion, discrimination and violence. For sexual
health to be attained and maintained, the sexual rights of all per-
sons must be respected, protected and fulfilled.”

Sexual dissatisfactions and disorders do not necessarily imply that
a man or woman is “dysfunctional”; the term dysfunction refers to
a medical condition—one that can be treated medically. The sexual
dysfunctions and disorders of men and women are currently de-
fined in terms of three phases of the “sexual response cycle”: desire,
arousal, and orgasm, plus the sexual pain disorders. Most women do
not fit into this linear model, as there is not a single sexual response
cycle for women. However, there are commonalities between men
and women. Their most common shared sexual complaints are as
follows: (1) loss of sexual desire; (2) inadequate mental or genital
arousal (resulting in erectile deficit in men and vaginal dryness in
women); (3) impaired orgasm (in men, ejaculation may be prema-
ture, delayed, painful, or not experienced; in women, orgasm may
be diminished, delayed, or not experienced); and (4) sexual pain
disorders (more frequently reported by women, but occasionally
reported by men) (Plaut, Graziottin & Heaton, 2004).

Hypersexuality, while quite rare, does occur in both men and
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women. The predominant complaint may be excessive desire or
mental arousal, “sex addiction” or sexual compulsion, or unwanted
persistent genital arousal without desire or mental arousal. Persis-
tent sexual arousal syndrome was recently described in women
(Plaut, Graziottin & Heaton, 2004).

The information necessary for evaluating and treating sexual
disorders or dysfunctions includes: sexual history, medical history,
psychosocial history, a focused physical examination, and recom-
mended laboratory tests. Specialist referrals may be considered
whenever a health care provider and patient believe this is appro-
priate. Individuals and their partners need to participate actively
in decision making about treatment options (for further details, see
Hatzichristou et al., 2004; Plaut, Graziottin & Heaton, 2004).

In considering sexual problems, one should keep in mind that
these problems can affect both men and women, at any age, regard-
less of whether the person prefers partners of the same or the other
sex and regardless of whether the person is otherwise healthy or has
a chronic illness or disability (Whipple & Brash-McGreer, 1997).

Problems for Men

Sexuality is a complex biopsychosocial process. In men, the physio-
logical aspects of sexual response, such as erection and ejaculation,
need to be understood in the context of interpersonal, intraper-
sonal, and cultural factors. Problems with sexual function can be
lifelong or acquired, global or situational. The etiology (cause and
origin) may be organic, psychological, mixed, or unknown. Con-
sideration must also be given to the individual’s and his partner’s
needs and priorities, which will be influenced by cultural, social,
ethnic, religious, and national factors. Men with sexual problems
and their partners should select the best treatment for their sexual
concerns, after receiving appropriate education that includes infor-
mation on sexuality and all treatment options for the couple’s par-
ticular concerns. Both the individual and his partner should always
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be involved in any therapeutic process (Lue et al., 2004). The defini-
tions of male sexual dysfunctions used here derive from the report of
the Second International Consultation on Erectile and Sexual Dys-
functions (later renamed the International Consultation on Sexual
Medicine), held in June 2003, as reported by Lue et al. (2004).

It is important to be aware that many of the disorders mentioned
in this chapter frequently coexist with other disorders and cannot
be treated in isolation. Also, one must consider the various treat-
ments for male sexual dysfunctions in the context of traditions,
ethnicity, and socioeconomic conditions, as well as the individual’s
and his partner’s preferences, expectations, and psychological sta-
tus (Lue et al., 2004).

Erectile Dysfunction

Fugl-Meyer et al. (2004) summarized twenty-four studies on the
prevalence of erectile dysfunction (ED), conducted between 1993
and 2003 in various countries. The prevalence in men below the
age of 40 years was 1 to 9 percent; for men aged 40 to 59 years, it
ranged from 2 to 9 percent to as high as 20 to 30 percent. Most of
the studies found a rate of 20 to 40 percent for men aged 60 to 69
years. The prevalence rates for men in their seventies and eighties
ranged from 50 to 75 percent (Lewis et al., 2004).

According to Lue et al. (2004), ED “is defined as the consistent
or recurrent inability of a man to attain and/or maintain a penile
erection sufficient for sexual activity.” Erectile difficulties must oc-
cur consistently or recurrently to qualify for a diagnosis of ED,
with a three-month minimum duration generally meeting the ac-
cepted criteria for diagnosis. In some instances of trauma or surgi-
cally induced ED (e.g., after a radical prostatectomy), the diagnosis
may be given before three months.

A diagnosis of ED should be made by a health care professional
who uses a multidisciplinary approach. All patients reporting pre-
sumptive ED should undergo a medical, sexual, and psychosocial
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history, physical examination, and laboratory tests (Lue et al., 2004).
The health professional should evaluate factors such as endocrine
problems, circulatory problems, diabetes, cardiovascular problems,
obesity, cigarette smoking, alcoholism, substance abuse, relation-
ship problems, depression, and other psychosexual problems.

The use of prescription and nonprescription drugs such as an-
tihypertensive agents, psychotropic drugs, antiarrhythmics, anti-
androgens, and steroids may contribute to ED. Whenever medical
therapy is indicated, prior or concurrent psychosexual counseling
is advisable, such as by an AASECT-certified sex therapist (AAS-
ECT is the American Association of Sexuality Educators, Counsel-
ors, and Therapists; for a list of certified sex therapists, see www.
aasect.org). Once the cause of ED is determined, there are multiple
treatment options; discussion of these is beyond the scope of this
book. Simply filling a prescription for sildenafil does not generally
constitute proper evaluation and treatment of ED.

Premature Ejaculation

The prevalence rates for early, rapid, or premature ejaculation (PE),
based on five descriptive studies, range from 9 to 31 percent (Lewis
et al., 2004). According to Lue et al. (2004), “Premature ejacula-
tion, also referred to as a rapid or early ejaculation, is defined ac-
cording to three essential criteria: (a) brief ejaculatory latency, (b)
loss of control, and (c) psychological distress in the patient and/or
partner.” Ejaculatory latency, the time from the onset of intercourse
to ejaculation, of two minutes or less may lead to a diagnosis of PE;
the diagnosis should also include consistent inability to delay or
control ejaculation and marked distress about the condition. Sub-
types of PE are lifelong versus acquired, global versus situational,
and the co-occurrence of other sexual problems, particularly ED.
Lue et al. (2004) state that “about 30 percent of men with PE have
co-occurring ED, which typically results in early ejaculation with-
out full erections.” PE may be associated with sexual problems in
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the female partner, particularly anorgasmia (inability to experience
orgasm) or sexual pain disorder. In such cases, the couple may find
it beneficial to consider sex therapy.

As with ED, a man experiencing PE should undergo a medical
and sexual history, physical examination, and investigation of anx-
iety and interpersonal factors. Men with lifelong PE are now be-
ing treated pharmacologically with “off-label” selective serotonin
reuptake inhibitors (SSRIs) and topical local anesthetics, as well
as phosphodiesterase-5 (PDE-5) inhibitors (sildenafil-type drugs).
(The term off-label is used when a drug is given to a type of patient
or for a reason other than those approved by the U.S. Food and
Drug Administration [FDA].) Men with acquired or situational PE
are treated with pharmacotherapy or behavioral therapy or both,
according to the individual’s and his partner’s preference (Lue et
al., 2004). Behavioral therapy usually includes the “stop-start” or
the squeeze techniques. Both techniques are based on the idea that
PE occurs because the man fails to pay sufficient attention to pre-
orgasmic levels of sexual tension (Semans, 1956; Masters & John-
son, 1970). However, there are as yet no long-term outcome data
for evaluating these treatment methods (De Amicis et al., 1985).

Male Orgasmic Dysfunction

Both organic and psychogenic factors can contribute to male or-
gasmic dysfunction (MOD). According to Lue et al. (2004), MOD
includes “a spectrum of disorders ranging from delayed ejacula-
tion to a complete inability to ejaculate, anejaculation, and retro-
grade ejaculation . . . Any medical disease, drug or surgical pro-
cedure that interferes with either central control of ejaculation or
the peripheral sympathetic nerve supply to the vas [deferens] and
bladder neck, the somatic efferent [output to voluntary muscle]
nerve supply to the pelvic floor or the somatic afferent [sensory
input from the skin] nerve supply to the penis can result in delayed
ejaculation, anejaculation, and anorgasmia.”
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Four neurophysiological tests are routinely used to assess men
with MOD: pudendal somatosensory evoked potentials, motor
evoked potentials, sacral reflex arc testing, and sympathetic skin
responses—each of which tests the integrity of different specific
links in the chain of processes by which penile stimulation elicits
erection, orgasm, and ejaculation (McMahon et al., 2004). Men
who never experience orgasm and ejaculation may suffer from a
biogenic failure of emission or psychogenic-inhibited ejaculation.
Men who only occasionally experience orgasm and ejaculation
may have psychogenic-inhibited ejaculation or penile hypesthesia
(subnormal sensitivity), which is associated with age-related de-
generation of the afferent (sensory) penile nerves (McMahon et al.,
2004). Therapy involves treating any concomitant medical prob-
lem, as well as behavioral therapy.

One type of MOD, inhibited ejaculation, becomes more preva-
lent (as do other sexual dysfunctions) as men age (Feldman, Gold-
stein, et al., 1994). Inhibited ejaculation may be associated with
cultural and religious beliefs, concurrent psychopathology such as
unconscious aggression and unexpressed anger, insufficient sexual
arousal, a preference for masturbation over partnered sex, fear
of inducing pregnancy, or fear of sexually transmitted infection
(Perelman, 20071).

Priapism

As noted by Lue et al. (2004), “Priapism is a relatively rare condi-
tion in men. It is defined as an unwanted erection, not associated
with sexual desire or sexual stimulation, and lasting for more than
4 hours.” There are three different types of priapism, although
there may be some overlap among them. Low-flow, or ischemic
(insufficient blood supply), priapism is the most common form and
is associated with a failure of detumescence, anoxia (lack of blood-
borne oxygen supply to the tissue), and ultimately, if untreated,
necrosis (cell death) of the muscle of the corpora cavernosa. High-
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flow, or well-oxygenated, priapism is less common and may occur
after surgical treatment or pelvic trauma. The third type is recur-
rent, or stuttering, priapism, which commonly occurs in men with
sickle-cell disease. Recurrent priapism is usually high flow, but may
become low flow and anoxic (Lue et al., 2004).

Cold showers or ice packs may be beneficial during the early
stages of priapism. Exercise and urination are occasionally helpful.
If ischemic priapism is diagnosed, it is essential to decompress the
corpora cavernosa as soon as possible by withdrawing blood from
the penis with a hypodermic needle. Pharmacological agents can
be used to treat the other types of priapism.

Peyronie’s Disease

Peyronie’s disease is an acquired disorder of the tunica albuginea,
the tough connective tissue capsule enclosing the corpora caver-
nosa that enables the penis to become rigid when the corpora cav-
ernosa are engorged with blood. The disease is characterized by
the formation of a plaque of fibrous tissue in the tunica albuginea
and is often accompanied by penile pain and deformity on erection.
There may be difficulty with penetration as a result of the curva-
ture, and the condition may be accompanied by some impairment
of erectile capacity (Lue et al., 2004). Part of the medical history
taken by the health care professional should include information
on the individual’s ability to have and maintain an erection. Most
men require no more than education and reassurance.

Desire Disorder

The report of the Second International Consultation on Erectile
and Sexual Dysfunctions did not include the category of sexual
desire disorders in men. An open question is whether these disor-
ders should be classified as a sexual dysfunction, as they are in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-1V;
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American Psychiatric Association, 1994), the diagnostic “bible”
of psychiatrists and psychologists (Maurice, 1999). One study re-
ported that 33 percent of women and 16 percent of men claimed
that during the prior twelve months, there had been a period of
several months or more when they lacked interest in having sex
(Laumann et al., 1994). The results of other studies support this
finding (e.g., Frank, Anderson & Rubenstein, 1978).

Desire disorders fall into two categories: hypoactive sexual desire
disorder (HSDD) and sexual aversion disorder (SAD). According
to the DSM-IV, the criteria for a diagnosis of HSDD are “persistent
or recurrently deficient (or absent) sexual fantasies and desire for
sexual activity that causes marked distress or interpersonal diffi-
culty.” The criteria for SAD are “(a) persistent or extreme aversion
to, and avoidance of, any genital contact with a sexual partner,
causing marked distress or interpersonal difficulty, and [that] (b)
the disturbance does not occur exclusively during the course of
another mental disorder.”

Here we focus on HSDD, which is often not clinically distinguished
from other problems of sexual function. One situation in which a
sexual desire problem becomes evident is when two partners are
sexually interested but not at the same level, a condition termed
sexual desire discrepancy. Again, is this really a sexual dysfunction
or a sexual disorder? Sometimes a desire discrepancy does become
a problem for which a couple or an individual consults a health
professional. The health professional must then determine whether
the problem is acquired or lifelong, situational or generalized.

Male disorders of desire tend to increase with age. The most
well-established etiologies are depression/anxiety, hypogonadism
(including andropause, or “male menopause”), and hyperprolac-
tinemia (an excessive secretion of the hormone prolactin) (Plaut,
Graziottin & Heaton, 2004). Most of the evidence relating a de-
crease in sexual desire to hormone levels involves decreased andro-
gen levels resulting from surgical or chemical castration, aging, or
hypogonadal states (Maurice, 1999). Nonhormonal factors that
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may affect desire in men are marital boredom, diminished partner
attractiveness, and chronic illness.

Many commonly used pharmacological agents may decrease
sexual desire, such as antiandrogenic drugs, psychoactive drugs,
antihypertensive agents, cardiac drugs (including beta-adrenergic
blockers and calcium blockers), drugs that bind with testosterone,
cimetidine (taken for the treatment of peptic ulcers), dichlorphen-
amide and methazolamide (both drugs for treating glaucoma),
cholesterol-lowering drugs, and steroids such as prednisone and
dexamethasone (Maurice, 1999). An individual’s medical and
medication history must be considered before any treatment for
HSDD is prescribed.

Individuals may also have low desire as a result of other sexual
disorders, such as ED. Testosterone should not be used routinely in
an attempt to increase sexual desire in the absence of indications of
low testosterone levels. Testosterone treatment is associated with
potential risks, especially the possibility of exacerbating unrecog-
nized prostate cancer. Multiple factors are usually involved in male
desire disorder, and these men should be treated with a multidisci-
plinary approach.

Challenging Beliefs about Female Sexuality

Participants at the International Consultation on Sexual Medi-
cine, held in Paris in June 2003, challenged some of the common
beliefs about women’s sexual response (Basson, Leiblum, et al.,
2003). Here we briefly summarize these beliefs and the challenges
to them.

—Belief 1: Organic sexual problems can be separated from psy-
chogenic problems. Sexual disorders in women may involve
multiple psychological, interpersonal, and biological/organic
causes, and these influences are not always separate entities.

—Belief 2: The primary reason women engage in sexual be-
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havior is conscious or subliminal awareness of sexual desire
(e.g., sexual thoughts or sexual fantasies). Women seem to
be motivated to have sex for highly complex and varied rea-
sons. Women in new relationships are more likely to experi-
ence spontaneous desire—in the form of sexual thoughts and
fantasies—than are women in established relationships, who
may think of sex infrequently.

—Belief 3: Sexual desire always precedes sexual arousal. Arousal
often occurs before desire for women, or women may experi-
ence desire and arousal simultaneously. Again, desire is not
the only reason that women engage in sexual activity; they
have a wide variety of other motives, including a wish to be
intimate with their partner. According to Basson, Althof, et
al. (2004), “Desire is consequently experienced after arousal
such that continued arousal and a responsive type of desire
coexist and reinforce each other in keeping with the concep-
tualization of women’s sexual response.”

—Belief 4: Women’s sexual arousal can be characterized by gen-
ital vasocongestion, vaginal lubrication, and an awareness of
genital throbbing and tingling. Many women who have geni-
tal signs of arousal do not feel subjectively aroused, and many
women may not even be aware of the physiological changes
in their bodies when they are aroused. Even if they are aware
of genital and breast vasocongestion, the changes may not
correlate with increased vaginal engorgement. (Engorgement
can be measured with a vaginal photoplethysmograph, a vag-
inal probe with a light source and light detector that measures
changes in the amount of light reflected through the vaginal wall
as an indication of changes in vaginal blood flow.) Still, vaginal
lubrication commonly occurs during sexual stimulation even
when a woman does not desire or enjoy the stimulation.

—Belief 5: The sexual response of women remains stable over
time and circumstance. The sexual response of women varies
naturally over the lifespan and is influenced by a host of fac-
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tors, including the context of sexual interactions, pregnancy
and menopause, medical conditions, and psychological fac-
tors (most notably the interpersonal relationship). Research
suggests that a normative, gradual decline in sexual interest
and response occurs with aging and natural menopause.

—Belief 6: Women feel distress when they experience changes in
their sexual response. Many women do not feel distress when
they lose interest in sex or experience a lack of response. And
unless women do feel distress, these are not really problems
and are of little clinical relevance (Basson, Leiblum, et al.,
2003).

Problems for Women

Research on women’s sexual problems and concerns is lagging be-
hind research on men’s sexual problems by a 2:1 or 3:1 ratio. Re-
searchers and health care providers are now beginning to recognize
that sexual response in men and women differs in significant ways.
The diagnostic categories of women’s sexual “dysfunction” as pre-
sented in the DSM-IV are based on a conceptualization of sexual
response depicted by Masters and Johnson (1966, 1970) and Ka-
plan (1974). For their time, their work was a great advance in the
knowledge of human sexuality. However, the concept of one linear
sequence of predominantly genitally focused events has not proven
helpful in assessing and managing women’s sexual problems and
disorders (Basson, 2001).

Several models have been proposed, each of which views wom-
en’s sexual response as more of a circular than a linear pattern
(Whipple & Brash-McGreer, 1997; Basson, 2001; Plaut, Grazziot-
tin & Heaton, 2004). A full appreciation of women’s sexual func-
tion requires an understanding of the underlying psychosocial, as
well as physiological, components. When assessing women’s con-
cerns, the health care provider’s focus must extend beyond physical
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issues to encompass the emotional and relationship milieu in which
the concerns exist (K. P. Jones, Kingsberg & Whipple, 2005). As
with men, problems with women’s sexual function can be lifelong

or acquired, global or situational. The etiology may be organic,

psychogenic, mixed, or unknown.

We use here the new categories of sexual disorders in women
proposed by the International Consultation in June 2003; these
categories have not yet been incorporated into the DSM or the In-
ternational Statistical Classification of Disease and Related Health

Problems (ICD-10; World Health Organization, 1992).



66 THE SCIENCE OF ORGASM

Sexual Desire/Interest Disorder

Sexual desire or sexual interest disorder is newly defined as “absent
or diminished feelings of sexual interest or desire, absent sexual
thoughts or fantasies and a lack of responsive desire. Motivations
(here defined as reasons/incentives) for attempting to become sexu-
ally aroused are scarce or absent. The lack of interest is considered
to be beyond the normative lessening with life-cycle and relation-
ship duration” (Basson, Althof, et al., 2004). The DSM-IV term
for desire disorders, as noted above for men, is hypoactive sexual
desire disorder (HSDD). Population data indicate a prevalence of
HSDD of 33 percent in women between 18 and 59 years of age
(Laumann, Paik & Rosen, 1999); this may reach 45 percent in
clinical samples, especially after menopause (Plaut, Grazziottin &
Heaton, 2004).

The term libido refers to a sexual appetite, desire, drive, sexual
impulse, and sexual interest that motivates individuals to focus
their attention on having a sexual experience. Plaut, Grazziottin,
and Heaton (2004) suggest three basic components to desire: bio-
logical, motivational, and cognitive.

Biologically, desire is hormonally influenced. Hormones may af-
fect the intensity of desire and sexual response. The primary hor-
monal etiologies of sexual desire disorder are hypoestrogenism,
androgen insufficiency syndrome, hyperprolactinemia, and hy-
pothyroidism. Alcohol addiction and smoking may contribute to
sexual disorders, as may certain disease processes and medications
(Plaut, Grazziottin & Heaton, 2004). Medications that may cause
a loss of desire are SSRIs, antihypertensives, estrogen therapies,
and corticosteroids. Also, a sudden drop in testosterone levels, as
occurs with surgical menopause, can cause a lack of sexual desire
(Whipple & Brash-McGreer, 1997; Kingsberg, 2002).

Motivationally, the need for intimacy, which seems to be partic-
ularly important to women, may contribute to and modulate sex-
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ual desire. The affective disorders of depression and anxiety seem
to decrease sexual desire (Plaut, Grazziottin & Heaton, 2004).
Cognitive factors may overlap with biological and motivational
factors to diminish sexual desire. There are other reasons, beyond
awareness of sexual desire, that motivate women to agree to or ini-
tiate sexual interactions with a partner. These are currently being
investigated in a study of women of different ethnic backgrounds
in North America. Some reasons already identified are: to express
love, for pleasure, because the partner wants it, and to release ten-
sions. Also identified are some reasons for not being sexually ac-
tive, including no partner, no interest, too tired, partner has no
interest, partner is too tired, own physical problem, and partner’s
physical problem (Cain et al., 2003). Basson, Althof, et al. (2004)
report multiple reasons or incentives for a woman to be aroused
and that once she experiences arousal, if it continues sufficiently
long and is enjoyable, she may experience sexual desire.

Studies also indicate that sexually healthy women, particularly
those in long-term relationships, are frequently unresponsive to
spontaneous sexual thoughts (Bancroft, Loftus & Long, 2003).
The Massachusetts Women’s Health Study II suggested that most
women experiencing decreased sexual drive are married, have
symptoms of psychological pathology, smoke cigarettes, and are
in perimenopause (Avis et al., 2000).

Cognitive factors affecting desire may be many. Indeed, the
treatment of disorders of desire is usually cognitive-behavioral
therapy, sex therapy, or psychodynamic treatment. Although cog-
nitive-behavioral therapy is widely used, very few controlled trials
of its alleged benefits have been conducted. There is some empirical
support for the usefulness of sex therapy with sensate focus, but to
our knowledge there are no studies on psychodynamic treatment
(Basson, Althof, et al., 2004). However, because loss of desire is
often related to interpersonal problems rather than biological fac-
tors, counseling for relationship and psychological issues should be
considered before pharmacotherapy.
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Currently, there are no drugs specifically prescribed for the
treatment of any female sexual disorder, including disorders of de-
sire. Several potential therapies are now in clinical trials. Estrogen
therapies can help with physical problems related to menopause,
but they have little effect in treating decreased desire (Suckling,
Lethaby & Kennedy, 2003). Testosterone therapy has been used
“off-label” for women with low sexual desire. Some women take
oral estrogen and testosterone for low desire, but this treatment
was approved only for menopausal symptoms. Other women take
testosterone prepared by a compounding pharmacist, and others
use a piece of the male testosterone patch or testosterone gel de-
veloped for men. None of these treatments is approved for women
by the FDA. A recent study by S. R. Davis, Davison, et al. (2005)
found no correlation between circulating androgen levels and sex-
ual function in women: “no single androgen level is predictive of
low female sexual function, and the majority of women with low
dehydroepiandrosterone sulfate levels did not have low sexual
function.” These authors stated that their results are not in conflict
with testosterone being used pharmacologically to treat HSDD,
nor do their data provide support for efficacy of the therapy.

In December 2004, the Procter and Gamble company presented
to the FDA its positive data on the effects of a testosterone patch (In-
trinsa) developed for HSDD in surgically postmenopausal women
(Shifren et al., 2000; Goldstat et al., 2003). However, the FDA
Advisory Committee voted to send Intrinsa back for more studies,
citing insufficient long-term safety data to support approval of the
drug.

It is interesting that Viagra was approved for use in men in 1998
based on only six months of clinical trials, despite concerns about
an increased risk of a fatal reaction if taken together with a nitroglyc-
erin medication or with well-known recreational drugs (Kingsberg
& Whipple, 2005). By contrast, after more than three years of study,
Intrinsa was not approved for use in women, and long-term safety
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data are now requested. This difference suggests the existence of a
male-female double standard in the treatment of sexual disorder.

Subjective Sexual Arousal Disorder

Subjective sexual arousal disorder is defined as the “absence of or
markedly diminished feelings of sexual arousal (sexual excitement
and sexual pleasure) from any type of sexual stimulation. Vaginal
lubrication or other signs of physical response still occur” (Basson,
Althof, et al., 2004). The International Consultation panel devel-
oped this new category based on data suggesting that most women
who complain of arousal problems have genital vasocongestion
comparable to that of women who do not complain of a loss of
subjective arousal (K. P. Jones, Kingsberg & Whipple, 2005).

Genital Sexual Arousal Disorder

The International Consultation panel defined genital sexual arousal
disorder as “complaints of impaired genital sexual arousal. Self-re-
port may include minimal vulvar swelling or vaginal lubrication
from any type of sexual stimulation and reduced sexual sensations
from caressing genitalia. Subjective sexual excitement still occurs
from non-genital sexual stimuli” (Basson, Althof, et al., 2004).
A woman diagnosed with this disorder can still be subjectively
aroused by sexual stimulation, but she has a marked loss of in-
tensity of any genital response, including orgasm. Awareness of
throbbing/swelling/lubrication is absent or markedly diminished.
It is the woman’s self-report of absent or impaired genital conges-
tion and lubrication that is the basis of the definition of this disor-
der (Basson, Althof, et al., 2004). This diagnosis pertains mostly
to women with autonomic nerve damage and estrogen deficiency
who do not experience vasocongestion (K. P. Jones, Kingsberg &
Whipple, 2005).



70 THE SCIENCE OF ORGASM

Combined Genital and Subjective Arousal Disorder

Combined genital and subjective arousal disorder is defined as “ab-
sent or markedly diminished feelings of sexual arousal (sexual ex-
citement and sexual pleasure), from any type of sexual stimulation
as well as complaints of absent or impaired genital sexual arousal
(vulval swelling, lubrication)” (Basson, Althof, et al., 2004). The
International Consultation panel noted that this is the most com-
mon clinical presentation for female arousal disorders. The woman
also complains of a lack of sexual desire (K. P. Jones, Kingsberg &
Whipple, 2005). The lack of subjective excitement from any type
of sexual stimulation distinguishes these women from those with
genital arousal disorder.

Persistent Genital Arousal Disorder

A provisional definition of persistent genital arousal disorder is
“spontaneous, intrusive and unwanted genital arousal, e.g., tin-
gling, throbbing, pulsating, in the absence of sexual interest and
desire. Any awareness of subjective arousal is typically but not
invariably unpleasant. The arousal is unrelieved by one or more
orgasms and the feeling of arousal persists for hours or days” (Bas-
son, Althof, et al., 2004). This provisional definition will allow
further investigation of the prevalence and etiology of this poorly
understood disorder. It may not be as rare as previously believed.

Sexual Aversion Disorder

Sexual aversion disorder is defined as “extreme anxiety and/or dis-
gust at the anticipation of, or attempt to have, any sexual activity
.. . Many clinicians feel the syndrome of extreme anxiety/panic
associated with activation of the autonomic nervous system is a
form of phobic reaction. However, the panel felt that the sexual
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context and sexual repercussions warrant its inclusion as a sexual
disorder” (Basson, Althof, et al., 2004).

Orgasmic Disorder

Given that most women are unable to experience orgasm from in-
tercourse alone and require extended clitoral or vaginal (G spot)
stimulation (Whipple & Brash-McGreer, 1997; N. A. Phillips,
2000), we can assume there is a sizeable subset of women who
have difficulty experiencing orgasm. Women’s orgasmic disorder is
defined as follows: “Despite the self-report of high sexual arousal/
excitement, there is either lack of orgasm, markedly diminished in-
tensity of orgasmic sensations or marked delay of orgasm from any
kind of stimulation” (Basson, Althof, et al., 2004). Anorgasmia is
a common problem that affects an estimated 24 to 37 percent of
women (Rosen, 2000). In primary orgasmic disorder, a woman has
never experienced orgasm through any means of stimulation; in
secondary orgasmic disorder, a woman is anorgasmic after having
once been orgasmic, or is orgasmic under some conditions but not
others. Thus, secondary anorgasmia can be classified as general-
ized or situational, such as when a woman can experience orgasm
by masturbation but not with a partner (K. P. Jones, Kingsberg &
Whipple, 2005).

Some evidence was recently presented of a genetic factor playing
a minor role in orgasmic response. Based on a questionnaire study
of “sexual problems” in a sample of female twins in England, com-
paring identical and fraternal twins, the researchers concluded that
there is a significant heritable component for “difficulty reaching
orgasm during intercourse” (K. M. Dunn, Cherkas & Spector,
2005). The underlying mechanism is unknown.

The International Consultation panel developed the new defini-
tion of orgasmic disorder because the old definitions often ignored
the criterion of “high” or “adequate” sexual arousal. The current
definition incorporates the criterion that the woman has no prob-
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lem becoming aroused. Anorgasmia is considered to be a disorder
only if the woman finds it distressing.

Orgasm is more than simply a reflex. While it incorporates re-
flexive components, it also includes perception, which is not a
necessary component of true reflexes. Orgasm may be triggered
by a number of physical and mental stimuli. It does not even re-
quire direct genital stimulation. Mental (imagery-induced) orgasm
in women has been demonstrated under laboratory conditions
(Whipple, Ogden & Komisaruk, 1992; Komisaruk & Whipple,
2005).

Psychosexual issues are more frequently in play for women with
lifelong orgasmic difficulties. Biologically, the coexistence of two
or more disease processes and pharmacological side effects be-
comes increasingly likely with advancing age (Plaut, Graziottin &
Heaton, 2004).

In the 1970s, the small-group format for the treatment of orgas-
mic disorders became popular, and books and videos were devel-
oped to “give women permission to experience orgasm” (a 1970s
expression) and to share ways, in small “preorgasmic groups,” to
experience sensual and sexual pleasure (Barbach, 1975). Women
were taught about directed masturbation for treating lifelong gener-
alized orgasmic disorder. According to Meston, Hull, et al. (2004),
“there are no consistent, empirical findings that psychosocial fac-
tors alone differentiate orgasmic from anorgasmic women.” The
most common methods used to treat anorgasmia are cognitive-be-
havioral, pharmacological, and systems theory approaches. Mes-
ton, Hull, et al. (2004) note that “cognitive behavioral therapy for
anorgasmia focuses on promoting changes in attitudes and sexu-
ally-relevant thoughts, decreasing anxiety, and increasing orgasmic
ability and satisfaction.”

Behavioral exercises to deal with female orgasmic disorder in-
clude, as noted above, directed masturbation, with and without
vibrators, which has been shown to be effective in groups and in-
dividually. If a woman is able to experience orgasm through mas-
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turbation but not with a partner (and experiencing orgasm with a
partner is her desire), couple therapy may be helpful, after issues
of anxiety, communication, trust, and past history have been ad-
dressed. Another behavioral approach often recommended is the
Kegel pelvic floor muscle-strengthening exercises. Physical therapy
and biofeedback methods are helpful in the correct use of these
exercises (Ladas, Whipple & Perry, 2005). Graber and Kline-
Graber (1979) found a positive correlation between the strength
of a woman’s pelvic muscles and the intensity of her orgasmic re-
sponse. In their retrospective study (a study that asks participants
to recall past events), these authors found that women with very
weak pelvic muscles were anorgasmic.

Sensate focus exercises were developed by Masters and Johnson
(1970) to reduce anxiety through the use of a series of body-touch-
ing exercises, moving from sensual-nonsexual (e.g., scalp and face
massage) to increasingly sensual-sexual (e.g., genital massage).
These exercises are still widely used today. However, according to
Meston, Hull, et al. (2004), there are no reports that these exer-
cises produce any substantial improvement in orgasmic response

A health care provider’s “granting permission” and providing
usable information to the woman with anorgasmia may be the
most helpful treatment. And given that orgasm is not always es-
sential to sexual satisfaction, and that the inability to experience
orgasm during intercourse is not abnormal, one needs to consider
whether or not an orgasm difficulty needs a closer look. If not ex-
periencing an orgasm causes a woman distress, then it can be con-
sidered a sexual problem. It is important for women to know that
they are in charge of their own orgasm; they can have an orgasm,
but no one else can give them an orgasm. Women are responsible
for their own pleasure and satisfaction. In a laboratory study, a
woman who had a complete spinal cord injury chose to partici-
pate so as to learn more about her own sexual response (Whipple,
Gerdes & Komisaruk, 1996). She had not experienced an orgasm
during the two years since her injury. She had been told by a health
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care practitioner that since she had no movement or feeling below
her breast, she could not be orgasmic again, so she had not tried
any form of stimulation. During the three twelve-minute periods
in the laboratory that included sexual self-stimulation (genital and
nongenital), the woman experienced six orgasms.

Pain Disorders: Dyspareunia and Vaginismus

Dyspareunia is defined as “persistent or recurrent pain with at-
tempted or complete vaginal entry and/or penile vaginal inter-
course” (Basson, Althof, et al., 2004). The International Consulta-
tion panel updated the definition to include pain during penetration,
not just during attempts at penetration. Dyspareunia is estimated
to affect 14 percent of women annually, according to the National
Health and Social Life Survey (Laumann, Paik & Rosen, 1999).
The most common cause of sexual pain disorders among middle-
aged and older women is atrophic vaginitis (vaginal inflammation
related to wasting [atrophy] of the tissue). In a postmenopausal
population in the Netherlands, 27 percent of the women surveyed
reported vaginal dryness, soreness, and dyspareunia (Van Geelen,
van de Weijer & Arnolds, 1996).

While psychological and relationship factors play an important
role in dyspareunia, it is the only female sexual disorder in which
organic factors contribute significantly (Anastasiadis et al., 2002).
For treatment to be effective, it is important to determine at the
outset whether the dyspareunia is lifelong or acquired. Introital
dyspareunia (pain on insertion of the penis into the introitus, the
entrance into the vagina) is usually caused by poor arousal, ves-
tibulitis (inflammation of the vaginal vestibule), vulvar dystrophy
(vulvar abnormality), perineal surgery, pudendal nerve entrap-
ment, or pudendal neuralgia. Midvaginal pain is usually due to
levator ani myalgia (pain in the pelvic floor muscle that elevates
the anus). Deep vaginal pain may be caused by endometriosis, pel-



WHEN THINGS GO WRONG 75

vic inflammatory disease, pelvic varicocele (varicose blood vessels),
adhesions, referred abdominal pain, outcomes of radiotherapy, or
abdominal cutaneous nerve entrapment syndrome (Plaut, Graziot-
tin & Heaton, 2004).

The other type of pain disorder, vaginismus, is defined as “the
persistent or recurrent difficulties of the woman to allow vaginal
entry of a penis, a finger, and/or any other object, despite the wom-
an’s expressed wish to do so. There is often (phobic) avoidance,
involuntary pelvic muscle contraction and anticipation/fear/expe-
rience of pain. Structural or other physical abnormalities must be
ruled out/addressed” (Basson, Althof, et al., 2004). The Interna-
tional Consultation panel revised the definition because vaginal
spasm, included in the earlier definitions, has never been docu-
mented. The panelists specified that involuntary contractions may
occur. They noted that vaginismus typically prevents the full entry
of a penis (or other object) but that vaginal entry can occur and
causes discomfort and pain (K. P. Jones, Kingsberg & Whipple,
2005). Vaginismus affects 15 to 17 percent of women who consult
sex therapy clinics (Spector & Carey, 1990; Anastasiadis et al.,
2002).

There have been very few controlled studies of dyspareunia or
vaginismus. A multidisciplinary approach for sexual pain is rec-
ommended for women with these disorders, with attention to the
experience of pain, the emotional/psychological profile, any past
genital mutilation or sexual abuse, and examination of the mu-
cous membrane and the pelvic floor (Basson, Althof, et al., 2004).
Examination of the genitals should be approached with gentle-
ness and constant interaction with the woman about painful ar-
eas. It may be difficult or impossible to examine the vagina with a
speculum.

Vaginal estrogen and vaginal lubricants can be used to enhance
comfort with penetration for women with vaginal atrophy. Beyond
treatment of medical conditions, such as atrophic vaginitis and en-
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dometriosis, women suffering from sexual pain disorders may ben-
efit from psychological counseling and education. Instruction in
progressive muscle relaxation and the use of vaginal dilators may
be helpful. Although many clinicians define vaginal penetration as
the goal of therapy, we suggest sexual pleasure for the woman and
her partner is a better measure.



Diseases That Affect Orgasm

any types of medical conditions can affect sexual-
Mity. These include: (1) neurological disorders such as
head injury, multiple sclerosis, psychomotor epilepsy, spi-
nal cord injury, and stroke; (2) vascular disorders such as
hypertension and other cardiovascular diseases, leukemia,
and sickle-cell disease; (3) endocrine disorders such as dia-
betes, hepatitis, and kidney disease; (4) debilitating diseases
such as cancer, degenerative diseases, and lung disease; (5)
psychiatric disorders such as anxiety and depression; and
(6) voiding disorders such as overactive bladder and stress
urinary incontinence (Whipple & Brash-McGreer, 1997;
N. A. Phillips, 2000; K. P. Jones et al., 2005).

We focus here on some of the major diseases that more
commonly result in problems related to orgasm. In general,
any disease, injury, or surgery that affects the brain or spi-
nal cord, or the nerves that serve them, can result in sexual
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impairment. Furthermore, many of the medications used to treat
mental and physical conditions also affect sexual responsiveness.
Since biological and psychosocial factors interact, there is often
no clear identification of cause. It is important to remember that
sexual problems can affect both men and women regardless of
whether they have a chronic illness or disability, or no medical
problem at all (Whipple & Brash-McGreer, 1997).

Diabetes Mellitus

Diabetes in men has long been recognized as accompanied by
sexual problems. The Persian philosopher, physician, and scien-
tist Avicenna (980-1037) was the first to mention a “collapse of
sexual function” as a complication of diabetes. And by 1906, “im-
potence” was reported to be one of the most common symptoms of
diabetes (Macfarlane et al., 1977). After the early 1900s, sexuality
became a taboo topic in some western societies, and the relation-
ship between diabetes and sexuality was hardly mentioned in the
United States until after the Second World War. At that time, doc-
tors advised that two people with diabetes should not marry and
have children, and that the less attention given to impotence, the
better (Enzlin, Mathieu & Demytteanere, 2003).

The sexual problems of women with diabetes were not men-
tioned until the discovery of insulin in 1921, when women who
took insulin became healthy enough to become pregnant. In the
years that followed, there have been many more studies on the
sexual effects of diabetes in men than in women.

For men with diabetes, erectile dysfunction (ED) is a common
problem; they often develop ED five to ten years earlier than men
without diabetes (American Diabetes Association, 2001). The prev-
alence of erectile problems in men with diabetes has been reported
to range from 27 to 71 percent (Schiavi, Stimmel, et al., 1993).
Erectile problems may be a manifestation of microvascular (small
blood vessel) or macrovascular (large blood vessel) disease (Mau-
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rice, 1999). A study of neurological factors in the etiology of ED
was conducted in the Netherlands (Bemelmans et al., 1994). The
study sample included three groups: 27 men with diabetes and ED,
30 men with diabetes but no ED, and 102 nondiabetic men with
ED. The neurophysiological evaluations consisted of an assess-
ment of somatic and autonomic nerves by measuring the latencies
of somatosensory evoked potentials (a measure of the rate at which
nerve impulses are transmitted) of the posterior tibial and puden-
dal nerves and the bulbocavernosus and urethra-anal reflexes. The
researchers found a tendency toward a higher, but no¢ statistically
significant, incidence of sensory neuropathy (nerve pathology) in
the men with diabetes and ED. In these men, pharmacological tests
involving the corpora cavernosa suggested vasculogenic ED (i.e.,
ED of blood vessel origin). No endocrinological (hormonal) dif-
ferences were found among the three groups in the study. The au-
thors concluded that urogenital sensory neuropathy contributes
to diabetic ED, and angiopathy (blood vessel pathology) seems to
be of secondary importance. Their results also showed that poor
diabetes control is associated with diabetic ED.

In the Massachusetts Male Aging Study, the age-adjusted prob-
ability of complete ED was three times greater in men being treated
for diabetes than in men without diabetes (Feldman, Goldstein, et
al., 1994). The prevalence of ED in men with diabetes increases
with age, from 9 percent at ages 20 to 29 years to 9§ percent at
ages above 70 years (Vinik & Richardson, 1998), and prevalence
increases with duration, poor control, and complications of dia-
betes (such as macrovascular and microvascular disease and neu-
ropathies) (Fedele et al., 1998).

Schiavi, Stimmel, et al. (1993) studied forty men with diabetes
but no other illnesses who were taking antidiabetic drugs, com-
paring them with a group of age-matched men without diabetes.
The men with diabetes had more (but not statistically significantly
more) sexuality-related difficulties, including ED on attempts at
intercourse and with masturbation, sexual desire disorders, dimin-
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ished frequency of intercourse, premature ejaculation, and dimin-
ished sexual satisfaction.

Although treatment with phosphodiesterase-5 (PDE-5) inhibi-
tors (such as Viagra) is less effective in treating diabetic ED than
nondiabetic ED, the convenience of a PDE-5 inhibitor that can be
taken orally has popularized this treatment in a large number of
men with diabetes and ED. Goldstein, Young, et al. (2003) tested
vardenafil (Levitra), a newer PDE-5 inhibitor, for men with diabe-
tes and ED. Vardenafil is more selective for PDE-5 and more bio-
chemically potent than sildenafil-based drugs such as Viagra, both
in the test tube (i vitro, “in glass”) and in animals and humans (in
vivo, “in life”). They found that vardenafil significantly improved
erectile function in terms of successful penetration and successful
intercourse, by comparison with placebo. The drug was well toler-
ated and had only mild adverse effects such as headache, flushing,
and nasal congestion (rhinitis).

The capacity for orgasm and ejaculation usually continues even
when erection is absent. In a study of 8o men with diabetes, 27
reported ED and 25 noted a decrease in sexual desire, while only
5 described any orgasmic disorder (Jensen, 1981). Of those § in-
dividuals, 3 had premature ejaculation and 2 had delayed ejacula-
tion. Men with diabetes frequently experience retrograde ejacu-
lation (Faerman, Jadzinsky & Podolsky, 1980). This is due to a
dysfunction of the internal bladder sphincter resulting from dia-
betic neuropathy.

There are fewer studies on sexual function in women with dia-
betes. An early study compared 125 hospitalized women with diabe-
tes and a control group of 100 hospitalized women without diabetes,
in the age range 18 to 42 years (Kolodny, 1971). Thirty-five per-
cent of the women with diabetes were not orgasmic, although the
great majority of these women (91 %) had at one time been able to
experience orgasm. By contrast, only 6 percent of the nondiabetic
group were anorgasmic, and these were women who had never ex-
perienced orgasm. Although anorgasmia was linked with diabetes,
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there was no association with age, duration of diabetes, or severity
of neuropathy.

The studies described above did not specify the type of diabetes
of the study participants. There are two types of diabetes mellitus:
insulin-dependent (IDDM—type 1) and non-insulin-dependent
(NIDDM—type 2). The following studies in women did distin-
guish between the two.

In 1983, Schreiner-Engel reported that the different types of
diabetes may have different influences on female sexual function-
ing. Women with NIDDM (type 2) reported more sexual problems
than women with IDDM (type 1) or control subjects. The differ-
ence could not be explained by different somatic causes, and the
author suggested that women diagnosed with type 2 diabetes at
an older age have increased difficulty accepting changes in various
areas of their lives, including their sexual lives.

A “structured interview study” (personal interviews in which
the researcher asks open-ended questions) of 42 women with
IDDM, compared with both matched (nondiabetic) controls and
the results from the Swedish 1986 national sex survey study, found
that 26 percent of the women with IDDM had decreased sexual
desire, 22 percent had decreased vaginal lubrication, and 1o per-
cent had a decreased capacity to experience orgasm (Hulter, Berne
& Lundberg, 1998). The overall level of sexual disorders in the
women with IDDM was 40 percent. Among the age-matched con-
trols without diabetes or any neurological disease, only 7 percent
of the women reported any kind of sexual disorder.

Two psychophysiological studies of vaginal lubrication in wo-
men with diabetes have been published. In one, no difference was
found compared with controls (Slob et al., 1990), but in the other,
women with diabetes experienced significantly less physiological
arousal to erotic stimuli than controls (Wincze, Albert & Bansal,
1993).

In the study of women with IDDM described above, impaired
subjective vulvar sensitivity was more frequent in the women with
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IDDM than in the controls (Hulter, Berne & Lundberg, 1998).
The women with IDDM also showed significantly higher vibration
perception thresholds (i.e., less sensitivity), measured on the hands
and on the clitoris, than the controls. Other findings correlated
with sexual disorders in the women with IDDM included consti-
pation, reduced foot perspiration, and incontinence. The authors
concluded that this indicates autonomic polyneuropathy (multiple
disorders of the autonomic [involuntary] nervous system) as an
important mechanism underlying sexual disorders in women with
diabetes.

Additional possible complications of diabetes in women include
vascular damage to small blood vessels as well as larger arteries,
which may result in decreased blood flow to the clitoris and other
erectile tissue. Clearly, more research is needed in this area.

Multiple Sclerosis

Multiple sclerosis (MS) is the most common chronic neurological
disease of young adults, producing chronic and recurring neuro-
logical disability. Most researchers consider MS to be an autoim-
mune disease. It has a prevalence of 30 to 8o cases per 100,000
population in the northern United States and Canada, by contrast
with a rate of about § per 100,000 in Japan, Asia, and Africa. Its
slow (years-long) course involves widespread disturbances of neuro-
logical function, including motor, sensory, and gait abnormalities
and impaired bladder, bowel, and sexual function (Noble, 1996).

Among men with MS, 26 to 75 percent have erectile difficulties,
the prevalence depending on age, duration of MS, and severity of
MS symptoms (Goldstein, Siroky, et al., 1982; Minderhoud et al.,
1984). In addition, there are reports of disorders of orgasm and
ejaculation, including premature ejaculation, with or without erec-
tile problems (Schover et al., 1988).

Stenager et al. (1990) reported on the presence of sexual prob-
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lems in 33 of 52 Swedish men with MS. Complaints included ED,
premature ejaculation, changed sensation in the penis, reduced
sexual desire, and orgasmic disorders. Only 45 percent of those
who experienced changes in sexual activity or response claimed to
be concerned about the change.

Another study included 381 individuals (144 men, mean age 47
years; 237 women, mean age 44 years) with MS and 291 individu-
als (1o1 men, mean age 51 years; 190 women, mean age 44 years)
from the general population without MS (McCabe, 2002). Men
with MS had a significantly higher frequency of premature ejacula-
tion, failure to ejaculate, lack of sexual interest, erectile problems,
difficulty masturbating, and numbness or lack of sensation than
men without MS. Women with MS differed significantly from the
women without MS only in their levels of masturbation and numb-
ness or lack of sensation. A strong association was found between
sexual satisfaction and relationship satisfaction for all respondents.
Sexual difficulties were associated with relationship dissatisfaction
only for the women with MS and not for other participants.

The findings described above are not universal, however. Barrett
(1999) quotes a man writing about his difficulty in experiencing
erection and orgasm: “We go to bed now, knowing that perhaps
it will work but probably it will not. A feeling of alienation has
entered my consciousness toward this act, which can be such an in-
credibly beautiful experience. I know of ways whereby my sexual
feelings might be further heightened, but I rarely discuss these tech-
niques with my wife. She always takes my failure as her failure . . .
My wife’s anxiety concerning my situation makes my awareness of
the frustration all the more acute, and we are losing our spontane-
ity and exuberance.”

Hulter and Lundberg (1995) reported on the changes in sexual
function of women as the symptoms of MS progressed. In a group
of 47 women with advanced MS, 60 percent reported decreased
sexual desire, 36 percent reported decreased vaginal lubrication,
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and 40 percent reported diminished orgasmic experiences during
the course of their disease. Sensory decrease in the genital area
was experienced by 62 percent of the women, and 77 percent had
weakness of their pelvic muscles. A review of other studies found
that 29 to 86 percent of women with MS reported a reduced inter-
est in sex; 43 to 62 percent, reduced sensation; 12 to 40 percent,
vaginal dryness; 6 to 40 percent, dyspareunia; and 24 to 58 per-
cent, reduced orgasmic experience (Ghezzi, 1999). Sexual prob-
lems may also occur in early and mild cases of MS (Lundberg,
1981).

Sexual disorders in MS are correlated with bladder and bowel
dysfunction (Lundberg, 1981; Ghezzi, 1999). Sexual disorders are
also correlated with lesions in the pons, a region of the brainstem
that connects the cerebellum with the rest of the brain, as detected
by MRI (magnetic resonance imaging) scans (Zivadinov et al.,
2003). Brainstem lesions seen on MRI seem to be of particular
importance in cases of anorgasmia (Barak et al., 1996).

In a sample of 14 women with MS, women’s claims of difficult
or no orgasm were significantly associated with abnormalities in
or absence of cortical evoked potentials (a measure of neural re-
sponse in the cerebral cortex) in response to pudendal nerve elec-
trical stimulation (Yang et al., 2000). This response is indicative of
a problem with the sensory pathway from the clitoris to the brain
(Yang et al., 2000; DasGupta, Kanabar & Fowler, 2002). Lund-
berg (2005) recommends that women with MS compensate for this
loss by applying more stimulation to the anterior vaginal wall (the
area of the G spot).

In a study testing the efficacy of sildenafil for women with sexual
disorders related to MS, the authors concluded that this drug is un-
likely to help all female patients with neurogenic sexual disorders
(DasGupta et al., 2004).
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Parkinson’s Disease

Parkinson’s disease (PD) is one of the most common neurological
diseases of advancing age. It is characterized by a pathological loss
of dopamine-producing (dopaminergic) neurons in the brain. It
has its greatest incidence in the fifth and sixth decades of life, but
can occur at any age. Many researchers have speculated that PD
is caused by a toxic or infectious environmental agent; however,
no conclusive evidence has been found. The classic symptoms de-
scribed by James Parkinson in 1817 remain the standard of diag-
nosis for this disease (Noble, 1996). The most common symptom is
tremor, frequently in the hands as they lie at rest in the lap. Muscle
rigidity is another major manifestation of PD. Resistance to both
flexion and extension occurs evenly throughout the range of mo-
tion at both distal (e.g., wrist) and proximal (e.g., shoulder) joints.
Other symptoms include delays in initiating movement (bradykine-
sia), difficulty reaching a target with a single continuous movement
(hypokinesia), and delayed reaction times, especially for planned
movements. Neuropsychological abnormalities are evident, rang-
ing from slowed cognitive processing to frank dementia, especially
in older individuals, and depression also occurs with increased fre-
quency in people with PD (Noble, 1996).

The ability to detect fine differences in surface texture is signifi-
cantly impaired in persons with PD compared with healthy vol-
unteer subjects (Weder et al., 2000). There is a parallel between
PD and the syndrome known as “sensory neglect” in laboratory
rats, which is produced by lesions in the lateral hypothalamus that
cut the pathways of dopamine-containing neurons. The syndrome
is characterized by deficits in orienting to somatosensory stimuli
(Marshall, Turner & Teitelbaum, 1971).

Bladder, bowel, and sexual disorders are prominent in people
with PD compared with control subjects of the same age (Sakaki-
bara et al., 2001). One study found that the rate of sexual disor-



86 THE SCIENCE OF ORGASM

ders was not higher in people with more severe PD (Koller et al.,
1990). Eighty percent of the women in the study had less frequent
sexual activity than before being diagnosed with PD. The authors
also found a decrease in sexual interest in 71 percent and a de-
crease in sexual drive in 62 percent of the women with PD. In ad-
dition, vaginal dryness was noted by 38 percent of the women, and
a similar percentage reported anorgasmia. These results were also
supported by the findings in a sample of younger women (Wer-
muth & Stenager, 1995).

Bronner et al. (2004) investigated the sexual function of 75 peo-
ple with PD (32 women, 43 men) before (premorbid) and after on-
set of the disease. Women reported difficulties with arousal (88%),
orgasm (75 %), low sexual desire (57%), and sexual dissatisfaction
(65%). Men reported erectile dysfunction (68%), sexual dissatis-
faction (65%), premature ejaculation (41 %), and difficulties expe-
riencing orgasm (40%). For 23 percent of the men and 22 percent
of the women there was a relationship between premorbid sexual
disorders and cessation of sexual activity during the course of the
disease.

Treatment of PD with dopaminergic drugs, which mimic or in-
crease the effects of dopamine-producing neurons, can produce
an increase in sexual function. For example, Uitti et al. (1989) de-
scribed the case of a woman, 55 years of age, unmarried, and a vir-
gin. Soon after being diagnosed with PD and beginning to take the
dopaminergic drug combination levodopa/carbidopa, 500 mg/ 50
mg daily, “She became preoccupied with her genital region. She
would frequently lie on her back and make rhythmic up and down
movements similar to sexual intercourse, at times uncovering her
genitalia during such episodes. After lowering the dose, her sexual
preoccupation gradually declined.”

In a study of 10 men with PD and erectile dysfunction who
received 50 to oo mg of sildenafil (Viagra) to use in eight sexual
encounters over a two-month period, the men reported significant
improvements in overall sexual satisfaction, sexual desire, ability
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to experience erection, ability to maintain erection, and ability to
experience orgasm (Zesiewicz, Heilal & Hauser, 2001). However,
this was an “open-label” study, meaning that both researchers and
subjects knew which drug the subjects were taking. This differs
from a “double-blind” study, in which neither the researchers nor
the subjects know which drug (or placebo) any subject is taking
until its identity is revealed at the end of the study; this proce-
dure avoids bias in the evaluation of results. Zesiewicz, Heilal, and
Hauser did not report whether or not a placebo was administered
in another group to contrast with the experimental drug effect.



How Aging Affects Orgasm

f older adults are reasonably healthy and have an in-

teresting and interested partner, they should be able
to enjoy sexual relationships into very old age (Scura &
Whipple, 1995). The stigmas, myths, and negative societal
beliefs about older adults, such as their being incapable of
enjoying sexual activity or not being interested in sex, are
often accepted even by older people (Woods, 1984). They
may then incorporate the judgment of society and think
of themselves as “dirty old men” or “dirty old women”
when they have sexual desires or relationships (Whipple &
Scura, 1989). But perhaps they should more appropriately
perceive themselves, and be perceived by others, as senior
citizens who continue to be sexy.

A workbook by Brick and Lunquist (2003) gives excel-
lent suggestions on sexuality education for men and women
in mid- and later life. The authors present eight basic prin-
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ciples on sexuality and later life: “(1) Sexuality is a positive, life-
affirming force; (2) Older adults deserve respect; (3) Older adults
vary in their comfort with sexual language; (4) Older adults are
capable of writing new sexual scripts that invigorate their sexual
journey; (5) Older adults have many ‘lessons’ to share and learn
from each other; (6) Older adults deserve accurate and explicit in-
formation and resources for additional discovery; (7) Gay, lesbian,
bisexual and transgender individuals must be acknowledged; and
(8) Flexible role behavior is fundamental to personal and sexual
health.”

Research has demonstrated that the overall best predictor of
sexual activity in later life is the level of sexual activity in midlife
(Knowlton, 2000). Most studies on sexuality and aging do not
specifically address orgasm. Dennerstein et al. (1999) studied the
factors affecting women’s sexual functioning in the midlife years.
Their sample included 428 Australian-born women who were 45
to 55 years of age when the study began. Annual assessments were
made for six years. The authors reported that several factors signif-
icantly diminished with time (years in the study): feelings for part-
ner, sexual responsivity, frequency of sexual activities, and libido.
Other factors increased significantly over the course of the study:
vaginal dryness and dyspareunia (vaginal pain during intercourse)
and partner problems.

An analysis of data from the Massachusetts Male Aging Study,
based on 1,085 middle-aged and older men, found that over a
nine-year period, all domains of sexual function showed significant
longitudinal changes, except frequency of ejaculation with mas-
turbation, which showed no change (Araujo, Mohr & McKinlay,
2004). Decline in sexual function became more pronounced with
increasing age. For example, frequency of sexual intercourse or
activity decreased by less than once per month for men in their for-
ties, by twice per month for those in their fifties, and by three times
per month for those in their sixties. The number of erections per
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month declined by three, nine, and thirteen for men in their forties,
fifties, and sixties, respectively. No mention was made in the study
of orgasmic frequency, although it is likely that many men equated
ejaculation with orgasm.

What Surveys Reveal

A 1999 survey by the AARP (American Association of Retired Per-
sons) on sexual attitudes and behavior found the incidence of wid-
owhood was 50 percent among women aged 60 to 74 years and 8o
percent among older women; by contrast, only 20 percent of men
aged 75 or older were widowed (Jacoby, 1999). Lack of a partner
can limit sexual expression, and many of the women without part-
ners lamented that they felt deprived of intimate kisses and hugs.

Another finding of the AARP study was that with aging, the
increasing incidence of illness and progression of chronic diseases
can adversely affect sexual functioning. Many pharmacological
treatments for medical problems have detrimental effects on sex-
ual function. The elderly are the largest group of consumers of
prescription and nonprescription medications (Jacoby, 1999), and
thus polypharmacia—the use of multiple medicines—may have a
deleterious effect on sexual function in this age group.

Survey respondents also reported psychosocial issues that can
affect sexual activity in later years. Changes in roles and finances
after retirement, anxiety and depression related to age-associated
losses and transitions, and personal, religious, and moral beliefs on
sexuality in later life all affected sexual function (Jacoby, 1999).

The most recent AARP study, conducted in 2004, surveyed
1,683 adults aged 45 and older and measured attitudes and other
factors affecting their sexuality and quality of life (Jacoby, 2005).
One finding was that the number of men who tried treatments to
enhance their potency had doubled since the earlier survey, from
10 percent in 1999 to 22 percent in 2005. The majority (69%) of
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these men said the treatments increased their sexual satisfaction.
Women in all age groups reported that their own sexual satisfac-
tion was enhanced by their partners’ use of the drugs.

An important finding in the AARP’s 2004 study was that be-
cause the potency-enhancing drugs do not affect desire, 42 per-
cent of men who tried them stopped using them. About half of
those who stopped taking the drugs said they found them to be
ineffective (Jacoby, 2005). These drugs (e.g., sildenafil) depend on
sexual arousal to be effective, because they act by augmenting the
effects of neurotransmitters released into the penis in response to
sexual arousal, thereby augmenting penile erection. In the absence
of sexual arousal, there is no release of these neurotransmitters and
consequently no augmentable substrate, in which case the drug has
no effect on erection. These drugs have no impact on emotional
problems that may be affecting sexual functioning, so underlying
relationship problems can play a significant role in nonresponse to
these drugs.

Nearly a third more women in the 2004 study than in the 1999
study reported masturbating. In 2004, nearly half the women in
the 45 to 49 years age range reported masturbating, and 20 percent
of the women aged 70 and older said they do so. “A majority of all
women—even those 70-plus—told AARP that sexual self-stimulation
is an important part of sexual pleasure at any age” (Jacoby, 2005).

A satisfying sexual relationship was reported by 56 percent of
individuals 45 years of age and older, but it was not their high-
est priority. “Good spirits, good health, close ties with friends
and family, financial security, spiritual well-being, and a good re-
lationship with a partner were all rated as more important than
a fulfilling sexual connection” (Jacoby, 2005). A majority (63 %)
of men and women with a partner described themselves as either
“extremely satisfied” or “somewhat satisfied” with their sexual
lives. A separate study showed that in recent years, the three main
items women associated with satisfying sex were: feeling close to
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a partner before sex, emotional closeness after sexual activity, and
feeling loved (Ellison, 2000).

As Women Age

Some studies have suggested that up to 50 percent of women notice
some common sexual changes as they enter menopause naturally
(Sherwin, 1993; Bachmann, 1995). Levine (1998) summarized
them as follows: “(1) Slowness of vaginal lubrication; (2) Dimin-
ished volume of vaginal lubrication, occasionally to the point of
painful intercourse for the woman or man; (3) Less erotic response
to vulvar, clitoral, breast and nipple stimulation; (4) More diffi-
culty focusing on the tactile sensations that previously created a
state of sexual arousal; (5) Diminished drive or an increased free-
dom from the feeling that sex with a partner or masturbation is
necessary to restore comfort; and (6) Fewer sexual fantasies and
preoccupations.”

Bachmann and Leiblum (2004), in a study of menopause,
reported that orgasm may become shorter in duration and less
intense with advancing age. Vaginal dryness, which can lead to
dyspareunia, is common in older women. It can be remedied by al-
lowing more time for the woman to become aroused and by using
water-based lubricants, available over-the-counter. Topical vaginal
estrogen, in cream, ring, or suppository form, may also help to al-
leviate dyspareunia.

The endocrine basis for menopause is not well understood. In
the phase between regular menstrual cycles and menopause, ovar-
ian production rates for individual hormones diminish to differ-
ent degrees. Production of the estrogens, estradiol and estrone, de-
creases approximately 85 and §8 percent, respectively. Ovarian
production of the androgens, androstenedione and testosterone,
decreases approximately 67 and 29 percent, respectively. Proges-
terone production decreases dramatically—99 percent (Longcope,
Jaffee & Griffing, 1981; Levine, 1998).
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A major consequence of this age-related decrease in ovarian hor-
mone production is a decrease in pelvic blood flow. As women en-
ter their sixties, pubic hair becomes thinner and coarser, the labia
majora and minora and the clitoris decrease in fullness, and fewer
women exhibit color changes of the labia on sexual arousal (Mas-
ters & Johnson, 1966). The vaginal surface flattens and thins, the
depth of the vagina decreases, and the walls lose their elasticity.
The biochemical environment becomes less acidic, which creates
a shift in the vaginal flora, and the uterus returns to its prepuber-
tal size. Orgasmic contractions of the vagina still occur at age 60,
but contractions of the rectum do not seem to occur as in pre-
menopausal women. Common symptoms that are related to these
changes are vulvodynia (chronic discomfort of the vulva perceived
as burning, stinging, or irritation), dyspareunia, post-intercourse
spotting of blood, post-intercourse urinary tract infections, and
vaginitis (Levine, 1998).

As Men Age

Men between the ages of 40 and 50 years generally experience
a decline in sexual drive and loss of erectile intensity. The most
common age at which men seek help for ED is in their late fif-
ties (Levine, 1998). Schiavi, Schreiner-Engel, et al. (1990) noted
a significant decline in the frequency and duration of nocturnal
erections in men between 45 to 54 and 55 to 65 years of age. It
seems, based on their study, that the male sexual system declines
during those years. In 6o-year-olds, the degree of erectile unreli-
ability is 30 percent (Feldman, Goldstein, et al., 1994). A study of
ED among 1,290 men between the ages of 40 and 70 years found
that 1o percent were completely, 25 percent moderately, and 17
percent minimally impaired (Mulhall & Goldstein, 1996).

One of the benefits reported for older men is that some are able
to attain good ejaculatory control for the first time in their lives.
Another benefit is that even though erections may not be as reliably
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firm, they are adequate for intercourse. Perhaps the diminished
turgidity decreases vaginal friction in heterosexual couples and re-
quires a lesser degree of vaginal lubrication (Levine, 1998).

Whipple (2005), in summarizing the literature, described several
changes that may occur in men as they age: (1) it takes a longer
time and more direct stimulation for the penis to become erect; (2)
the erection becomes less firm; (3) the amount of semen is reduced
and the force of ejaculation diminishes; (4) there is less urge to
ejaculate; and (5) the refractory period lengthens.

Testosterone levels are highest in the morning. Some people find
that scheduling sexual activity in the morning is preferable to other
times of day (Levy, 2002). It is not known whether testosterone
plays a role in this preference or is just one among many physio-
logical factors that fluctuate in a daily rhythm and influence sexual
vigor (e.g., adrenal corticoid hormone levels are also highest in the
morning).

Several pharmaceutical agents can be helpful for older men. Al-
though Viagra, Cialis, and Levitra are frequently prescribed, they
are not a panacea. Approximately half the men who try one of
these medications discontinue its use by the end of one year. Dif-
ficulties include inadequate education on what to expect from the
drugs and inadequate communication with partners (Goldstein,
2002). Whipple (2000, 2002a) reported that if the partner partici-
pates during the man’s medical assessment and helps to decide on
treatment options, there is better compliance with the treatment
plan.

Safer Sex for Seniors

In many societies, older adults are often considered to be asexual
and not at risk for HIV/AIDS. They are usually excluded from do-
nating blood, and thus the routine HIV screening this provides, due
to age limits imposed by blood banks (Scura & Whipple, 1995).
Older adults also tend to believe their behavior does not place them
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at risk for HIV infection. Few older adults consider using condoms,
as they are not concerned with birth control. However, in the United
States, AIDS is diagnosed in more people 50 years of age and older
than in those 24 and younger. In 1991, more than 1o percent of
U.S. AIDS cases involved people 50 years of age and older (Centers
for Disease Contol, 1991). By 2003, 23 percent of the diagnoses of
HIV were in people over 45 years of age, and 30 percent of people
in this age group who were diagnosed with AIDS had been infected
through heterosexual intercourse (Gottesman, 2005).

Dealing with the Aging Process

So what can older persons do to maintain their sexual health? Sex,
like walking, does not require the stamina of a marathon runner,
but it does require reasonably good health. A basic perspective
is “use it or lose it.” Although the physiological mechanisms are
unclear, prolonged abstinence from sexual activity can apparently
promote ED, and women who are sexually active (with partner or
self) after menopause have better vaginal lubrication and elastic-
ity of vaginal tissues than women who are sexually inactive. It is
also beneficial to follow a balanced, low-fat diet and to exercise
regularly. Fitness enhances self-image and improves vigor. Men
who smoke heavily are more likely to have ED than nonsmokers,
and people who smoke are at an increased risk of arteriosclerosis
(hardening of the arteries), which can cause reduced blood flow
and thus ED or reduced vaginal lubrication. Chronic alcohol and
drug abuse creates psychological and neurological problems re-
lated to ED, especially if the liver is damaged (Whipple, 2005).
Based on interviews with older couples about sensuality and
sexuality, Whipple (2005) observed that both men and women
need more time to become sexually aroused than when they were
younger. Older couples may have to increase sex play and may
discover that they can satisfy their sensual and sexual desire with
fondling, caressing, and kissing (“outercourse”). They should be



96 THE SCIENCE OF ORGASM

aware that illness or fatigue may impair sexual response of one
or both partners and that alcohol, tranquilizers, and many other
medications can reduce sexual drive and alter the ability to re-
spond sexually. As many options for sensual and sexual pleasure
are available to older adults as to younger adults. Masturbation,
fantasy, and “outercourse” are always options.



Pleasure and Satisfaction with and

without Orgasm

Is orgasm the ultimate goal of sexual interactions? Not
everyone thinks so. We view sexuality and sexual ex-
pression holistically, an approach that does not focus on
orgasm as a goal. Cultural views of sexuality have evolved
from an earlier, predominantly procreational role for sex-
ual activity to the current view in many societies that sex-
uality entails not only procreation but also pleasure and
physical and mental health and well-being. Sexuality and
sensuality can enhance the quality of life, foster personal
growth, and contribute to human fulfillment (Whipple &
Gick, 1980). When sexuality is viewed holistically, it refers
to the totality of a being, not just to the genitals and their
functions. Sexuality includes all the qualities that comprise
a person—biological, psychological, emotional, social, cul-
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tural, and spiritual. And a person has the capacity to express his
or her sexuality in any or all of these areas, without necessarily
involving the genitals (Whipple, 1987).

There are two commonly held views about sexual expression
(Timmers, Sinclair & James, 1976). The most prevalent sees sexu-
ality as linear and goal-oriented, much like climbing a flight of
stairs. The first step is touching, the next is kissing, followed by
caressing, then, for heterosexual couples, vagina-penis contact fol-
lowed by intercourse, and then the top step—orgasm. If the sexual
experience does not lead to orgasm, one or both partners feel un-
satisfied (Whipple, 1987). An alternative view of sexual expression
is pleasure-oriented, conceptualized as a circle, with each form of
expression on the perimeter of the circle considered an end in it-
self. Whether the experience involves kissing, holding hands, cud-
dling, oral sex, or other expressions, each is an end in itself and
each is satisfying to the person or the couple. Stereotypically (and
acknowledging the limitations of the stereotypes), women tend to
be more pleasure-oriented and men tend to be more goal-oriented
(Whipple, 1987).

It is important to realize that historically, satisfaction has not
been considered as an outcome criterion for sexual function and
sexual disorders. In 1998, an international multidisciplinary group
of experts on female sexuality assembled and drafted a classifica-
tion system that built on and moved beyond the frameworks of
the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV; American Psychiatric Association, 1994) and the International
Statistical Classification of Diseases and Related Health Problems
(ICD-10; World Health Organization, 1992). The group developed
the Consensus-Based Classification of Female Sexual Dysfunction
(CCFSD; Basson, Berman, et al., 2000). In spite of its notable ad-
vances over the existing classification systems (by including both
organic and psychogenic dysfunction and personal distress, and
moving away from the heterosexual bias found in other classifi-
cation systems), the CCFSD still has significant flaws. One of the
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major flaws is that “satisfaction” is not included as an outcome
criterion, despite its inclusion being recommended by a majority
of the members of the 1998 multidisciplinary group.

As many of the experts pointed out, in thirty-seven published
commentaries in a special issue of the Journal of Sex and Marital
Therapy in 2001, there are problems with the CCFSD in that it is
based on a triphasic pattern of sexual function. Although in wide-
spread use, this model is based on the male, linear model of desire,
arousal, and orgasm (in that order); this may not describe the sex-
ual experience of women. Women can experience sexual arousal,
orgasm, and satisfaction without desire, and they can experience
desire, arousal, and satisfaction without orgasm. A woman who
has sexual satisfaction but does not go through all the linear phases
of the sexual response model should not be construed as having a
sexual disorder (Sugrue & Whipple, 2001).

Most health care providers who work with women and their
sexual concerns report that women’s sexual experience is more
complex than having or not having an orgasm or the presence
or absence of vaginal lubrication. Women’s sexual experiences en-
compass self-esteem, body image, relationship factors, pleasure,
satisfaction, and many other variables. Health care providers and
consumers would be well advised to recognize and acknowledge
the variety of ways in which women experience sexual and sensual
pleasure (Whipple, 2002b).

Sugrue and Whipple (2001) developed a classification system
that is based on a biopsychosocial understanding of women’s sex-
ual experience, does not “medicalize” a woman’s sexuality, and
reflects a woman’s—not a man’s—experience of sexuality. This
classification system includes:

—Capacity to experience pleasure and satisfaction independent
of the occurrence of orgasm

—Desire for, or receptivity to, the experience of sexual pleasure
and satisfaction
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—Physical capability of responding to stimulation (vasoconges-
tion) without pain or discomfort

—Capability of experiencing orgasm under suitable circum-
stances

If these or similar descriptors were viewed as characteristic of nor-
mative sexual function, then the persistent absence or modification
of any of them would constitute a sexual dissatisfaction (Sugrue &
Whipple, 2001; Whipple, 2002b).

Some men have also reported that pleasure and satisfaction are
important to them and that they do not necessarily need to experi-
ence an orgasm for pleasure and satisfaction (Whipple, 2002b).

One of the reports based on the Second International Consul-
tation on Erectile and Sexual Dysfunctions (later known as the
International Consultation on Sexual Medicine), held in Paris in
2003, contains the statement that “sexual activity in women in-
volves interest and motivation, ability to become aroused and ex-
perience orgasm, the pleasure of the experience and subsequent
personal satisfaction” (S. R. Davis, Guay, et al., 2004). Thus, the
importance of pleasure and satisfaction in sexual relations seems
to be gaining increasing recognition and appreciation.



The Nervous System Connection

In the course of evolution, two integrative systems devel-
oped in vertebrates: the nervous system for rapid com-
munication and the endocrine system for messages devel-
oping more slowly but lasting longer (in some cases for
life). Both systems use chemical signals: the nervous sys-
tem uses neurotransmitters and neuromodulators; the en-
docrine system uses hormones. In this chapter our focus is
on the nervous system.

Our knowledge of the role of neurotransmitters in the
expression of orgasm is mainly derived from the use of psy-
chotropic drugs, which affect the nervous system. Under-
standing how the nervous system operates is key to under-
standing how orgasm and pharmaceutical or other drugs
interact.
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Neurons and Neurotransmitters

Neurotransmitters are synthesized by neurons (nerve cells) in the
central nervous system (CNS; the brain and spinal cord) and in
ganglia (groups of neuron cell bodies) located outside the CNS. (A
neuron consists of a cell body and a long extension called an axon.)
Examples of ganglia are those of the autonomic nervous system,
also known as the “involuntary” nervous system, that innervate
(i.e., send axons to) the viscera and control heart rate, blood pres-
sure, gastric secretion, sweating, epinephrine (adrenaline) secre-
tion, and so forth.

The sites of action of neurotransmitters are highly specific and
localized. Thus, a ganglionic neuron that sends its axon to the
heart delivers its chemical message to cardiac muscle cells but not
to cells of the liver. Similarly, within the brain, a neuron in the
thalamus that sends its axon to neurons in the cerebral cortex
modulates the activity of cortical neurons but not neurons in other
parts of the brain. This restriction of the message is due not only
to the established “wiring” of the neural circuits but also to the
limited diffusion of the chemical signals: the neurotransmitters.
Neurotransmitters are the chemical messengers between neurons.
They are released from the axon terminals of one neuron into a
specialized structure called the “synapse,” the microscopic space
between communicating neurons. On the other, receiving, side of
the synapse is the next neuron in the neural pathway, which in-
creases or decreases its activity in response to the neurotransmitter
released into the synapse (Bloom, 20071).

Neurons can both send and receive messages through the syn-
apses. When stimulated or spontaneously activated, neurons send
electrochemical impulses (known as “action potentials”) from one
part of the neuron along the axon to the axon terminals. Usually,
these impulses do not jump to the neighboring cell, but instead
release chemicals—the neurotransmitters—from the axon termi-
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nals into the synapse. The neurotransmitter molecules released
by this “presynaptic” neuron may stimulate or inhibit the receiv-
ing neuron(s) on the other side of the synapse, the “postsynap-
tic” neuron(s). This occurs mainly through the neurotransmitter’s
effect on the receptive antennae-like filaments (dendrites) on the
postsynaptic neuron or directly on the cell body of the postsynap-
tic neuron. Some axon terminals release their neurotransmitters
onto nonneuronal cells via specialized nonsynaptic contact zones,
producing such effects as muscle cell contraction or salivary gland
secretion (Davenport, 1991).

Action potentials are converted to chemical signals by a pro-
cess termed “excitation-secretion coupling.” Neurotransmitters
are typically small molecules such as amines (epinephrine, sero-
tonin) or amino acids (glycine, GABA). They are stored inside the
axon terminals in microscopic synaptic vesicles. When the axon
is activated (i.e., carries an electrochemical impulse), the vesicles
merge with the cell membrane of the axon terminal, open up to
the outside of the neuron, and release their contents—hundreds
of neurotransmitter molecules—into the synapse. The released
neurotransmitter molecules find and bind to specialized receptors,
complex protein structures situated at specific sites on the postsyn-
aptic neurons (Kenakin, Bond & Bonner, 1992). The binding of a
neurotransmitter to a specialized receptor embedded in the mem-
brane of the postsynaptic neuron triggers a series of rapid chemi-
cal reactions in that neuron. This results in either the generation
of a new nerve impulse in the postsynaptic neuron or a cascade of
biochemical events that change the excitability and capacity of the
postsynaptic neuron to respond to other incoming stimuli for vari-
able periods of time (Girault & Greengard, 1999). (Note that neu-
rotransmitters stimulate or inhibit the action potential-producing
activity of neurons, and neuromodulators change the responsive-
ness of neurons to the neurotransmitters.)

The neurotransmitter is also termed a “first messenger.” As a
consequence of the first messenger binding to the receptor in the
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membrane of the postsynaptic neuron, a chemical linkage activates
another chemical, the “second messenger.” In all, this activation
requires the sequential involvement of four molecules: (1) the neu-
rotransmitter, or first messenger; (2) the specific neurotransmitter
receptor; (3) a “transmembrane-connecting protein,” termed the
G protein; and (4) an enzyme inside the postsynaptic neuron that
synthesizes the second messenger. Well-characterized second mes-
sengers are the cyclic nucleotides cyclic AMP (cAMP) and cyclic
GMP (cGMP).

The second messenger triggers a cascade of cellular events that
involves enzymes called “kinases,” which phosphorylate (add a
phosphate group to) other proteins. Phosphorylation can alter
various processes in the neuron, such as the movement of ions
(“ion flux”) in the membrane or the rate of synthesis of certain
proteins (enzymes, receptors) by the cell’s genetic machinery (the
genome) (Girault & Greengard, 1999). “Excitatory” neurotrans-
mitters (e.g., glutamate) stimulate the postsynaptic neuron to
increase its rate of generation of action potentials, whereas “in-
hibitory” neurotransmitters (e.g., glycine and GABA) decrease the
rate of generation of action potentials. Other neurotransmitters
(e.g., epinephrine, serotonin, dopamine) may induce either excita-
tion or inhibition of the postsynaptic neuron, depending on where
in the nervous system they are released. This apparently para-
doxical effect—the same chemical producing opposite effects—is
possible because neurotransmitters act on a variety of receptors.
Each type of receptor interprets the message in a different way, de-
pending on its relationship with that cell’s response mechanisms (or
“effector” mechanisms), such as the specific second messengers it
produces.

Neurons do not communicate only with other, postsynaptic neu-
rons. They also modulate their own activity as their own neurotrans-
mitters act on “autoreceptors” located in their own membrane.
Autoreceptors, when activated by the cell’s own neurotransmit-
ter, trigger different responses depending on where on the presyn-
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aptic membrane they are located. If located in the membrane of
the cell body or its dendrites (somatodendritic autoreceptors), the
response may be a decrease in the neuron’s firing rate. If located
in the membrane of the axon terminals (axonic autoreceptors), the
release of neurotransmitters from the terminals is inhibited.

Receptors, Neurotransmitters, and Drugs

The number of different neurotransmitters and neuromodulators
identified in the nervous system has increased dramatically in the
past thirty years; current estimates suggest there are at least fifty
types. Estimates of the number of receptor types on which neu-
rotransmitters act have increased even more (J. R. Cooper, Bloom
& Roth, 2003). Neurotransmitters do not act on only a single type
of receptor; all the neurotransmitters have the capacity to interact
with several distinct subtypes of receptors. Some neurotransmitters
interact with only two receptor subtypes, as in the case of the in-
hibitory neurotransmitter glycine, while others, such as serotonin
and norepinephrine, can act on more than ten receptor subtypes.
Receptors are also the sites of psychotropic drug action.

Despite the capacity of neurotransmitters to activate several dif-
ferent receptor subtypes, the interaction between each neurotrans-
mitter and receptor is highly specific. Paul Ehrlich, one of the found-
ers of pharmacology, compared the interaction of a drug with its
receptor to that of a key and a lock, a metaphor that reflects the
high selectivity of receptors for the ligands that bind to them. (Li-
gand is the general term for a substance—a neurotransmitter or
drug—that binds to a receptor.) Just as slight changes in the shape
of a key prevent it from opening the lock, slight changes in the
chemical structure of a ligand can prevent it from exerting its ac-
tion on a receptor.

In some cases, the structural change in the ligand does not pre-
vent it from binding with the receptor, but it blocks the subsequent
cascade of cellular events that would otherwise be triggered by
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the binding. Indeed, in such cases, the ligand acts as a receptor
blocker (or receptor antagonist), in that it does not exert the typi-
cal neurotransmitter effect but blocks the ability of other, active
neurotransmitter molecules to bind to the receptor. To extend the
metaphor, it is as if a key breaks off and gets stuck in the lock,
preventing an intact key from entering and opening the lock. The
broken-off key is the receptor blocker.

Neurotransmitters are like master keys capable of unlocking
each of the various receptor subtype locks. Drugs can mimic the
action of the neurotransmitter on some receptor subtypes but not
others. Particularly useful for pharmacological studies are drugs
that duplicate the effect of a neurotransmitter on only a single re-
ceptor subtype (a drug acting as a “specific agonist”) or selectively
block the effect of the neurotransmitter on a specific receptor sub-
type (a “specific antagonist”). Such drugs are like a submaster key,
having an effect at only one of the receptor subtypes (Neubig &
Thomsen, 1989).

Chemical transmission in the nervous system, then, uses mul-
tiple neurotransmitters, each one acting through multiple receptor
subtypes. According to Stahl (1999), this provides both selectiv-
ity and amplification. Thus, for example, the serotonin receptor
family (“family” meaning the set of receptor subtypes that bind a
particular neurotransmitter) responds selectively to a single neu-
rotransmitter, serotonin, but receptor communication is amplified
due to the presence of the great variety of serotonin receptor sub-
types. Since neurotransmitters are released in a well-circumscribed
anatomical space in close proximity to postsynaptic neurons that
typically have only one or two specific receptor subtypes, the si-
multaneous activation of all receptors for a particular transmitter
rarely occurs under physiological conditions.

This is in contrast to the situation when a drug is administered
into the bloodstream (i.e., administered systemically), in which
case all or most subtypes of a neurotransmitter receptor family
are simultaneously and indiscriminately exposed to the drug. For
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example, some drugs that are effective in treating depression in-
crease the concentration of serotonin in all synapses by blocking
its reuptake from the synapse. (In the normal course of events,
some neurotransmitter molecules are removed from the synapse
via reuptake by the neuron that released them; others are destroyed
by enzymes.) Under these conditions, many or all serotonin re-
ceptor subtypes may be activated and participate in the biologi-
cal responses (we discuss these reuptake inhibitors again later in
the chapter). Differentiation and identification of the specific re-
ceptor subtypes that participate in the production of the desired
effect—such as an antidepressant effect—requires research, often
using specific agonists or antagonists for ascertaining the receptor
subtype responsible for the response.

There is an added complication in the analysis of drug action. As
noted earlier, a neurotransmitter can exert opposite effects by act-
ing on different receptor subtypes. The type of response obtained,
whether excitation or inhibition, depends on the chemical pathway
within the cell. Thus, besides classifying receptors on the basis of
the neurotransmitter to which they respond, receptors are also as-
signed to one of two different “superfamilies,” either ligand-gated
ion channel receptors or G protein—linked receptors. Both types
are embedded in the neuronal cell membrane, but they differ in
their structure and mechanism of action.

Ligand-gated ion channel receptors are proteins that surround
openings (ion channels) in the cell membrane through which ions—
electrically charged molecules—can pass. The long protein chain
of these receptors looks as if it is threaded, or looped, in and out
through the cell membrane, like a purse string, surrounding an
ion channel, hence it is termed a “transmembrane” protein. This
transmembrane protein chain is the receptor. When a ligand binds
to this receptor, it changes the shape of the protein, thereby dilating
or constricting the size of the ion channel and permitting or block-
ing passage of specific ions (K*, Na*, Ca?*, or CI) into or out of the
cell. Thus, the job of these receptors is to modulate (i.e., to “gate”)
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the transport of ions through the channel. The relative concentra-
tions of these different ions inside and outside the neuron at any
moment determine the readiness of the neuron to respond to an
arriving signal (synaptic input).

Receptors in this superfamily contain five different specific pro-
tein regions surrounding the ion channel. The channels open and
close very rapidly (on the order of a few thousandths of a second),
the ions flow in and out through the channels in the cell membrane,
and the neuronal excitability changes almost immediately.

G protein-linked receptors contain seven transmembrane re-
gions arranged in a circle to form a central core where the neu-
rotransmitter binds. All receptors in this family are linked to a G
protein, which associates with enzymes to produce second messen-
gers (e.g., with the enzyme adenylate cyclase to form cAMP). The
effects mediated by these receptors, also called “metabotropic” re-
ceptors, are much slower (seconds or even minutes) than those of
the ligand-gated ion channel receptors. Activation of G protein—
linked receptors generates a cascade of cellular events involving
and affecting a variety of processes including both genomic and
nongenomic effects, all of which have different time courses (Nes-
tler & Duman, 1998).

Several different neurotransmitters act on both types of recep-
tors. Thus, acetylcholine acts on a type of ligand-gated ion channel
receptor known as a “nicotinic” receptor and on several subtypes
of G protein-linked receptors termed “muscarinic” receptors. Se-
rotonin acts on fourteen subtypes of receptors, thirteen associated
with various types of G proteins and one, the 5-HT3 receptor,
linked to a channel involved in K* transport across the membrane
(the chemical name for serotonin is 5-hydroxytryptamine, hence
its abbreviation as 5-HT).

Drugs rarely affect a single receptor subtype, or even a single
family of receptors, but usually interact with several types of re-
ceptors. For example, clozapine, an “atypical” antipsychotic, in-
teracts with at least nine types of receptors, thus making it difficult
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to ascribe its biological effect to a specific receptor interaction.
Researchers must compare results obtained with many different
drugs to attribute to a specific receptor a role in a given behavior.

The effectiveness of psychoactive drugs in treating mental dis-
eases is largely based on their capacity to interact with receptors
in the brain that are activated by neurotransmitters. Drugs (ex-
ogenous ligands) that mimic the effect of a neurotransmitter (an
endogenous ligand) on a receptor are termed “agonists.” Thus,
morphine is an opiate agonist that produces its powerful analgesic
effect through its binding to an opiate receptor. The brain makes
its own opiate-like chemicals, the endorphins (a term derived from
endogenous morphine), which were originally defined as any en-
dogenous substance that has the pharmacological properties of
morphine.

Other agents also bind to the opiate receptor but fail to trigger
the chain of events that would ultimately generate a behavioral re-
sponse. Consequently, these agents are termed opiate antagonists,
which shield the receptors from the opiate agonists. Antagonists are
widely used in medical practice—for example, drugs that block the
response to histamine (histamine antagonists, or antihistamines),
which provide relief from the troublesome symptoms caused by
allergens such as pollen or dust.

How Modulation of Neuronal Activity Affects Orgasm

Orgasm is affected by particular agonists and antagonists. For ex-
ample, the drug buspirone, a specific agonist of serotonin type A
receptors, facilitates some aspects of human sexual response, in-
cluding orgasm (Norden, 1994). Yohimbine, an antagonist of the
adrenergic alpha-2 receptor subtype located on the presynaptic
terminals of adrenergic neurons (i.e., neurons that synthesize and
use norepinephrine, which is also called noradrenaline, as their
neurotransmitter), blocks the inhibitory action of norepinephrine
on these autoreceptors. By blocking the inhibitory action, yohim-
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bine increases the release of norepinephrine from the neurons. This
ultimately results in an “aphrodisiac” effect (E. Hollander & Mc-
Carley, 1992).

In many cases, drugs affect sexual response via mechanisms
other than a direct action on receptors. For example, amphet-
amine (which has been reported to facilitate the expression of or-
gasm) acts by releasing dopamine from neuron terminals (Kall,
1992). It is understandable, therefore, that the dopamine receptor
antagonists (the “neuroleptics”) such as chlorpromazine or halo-
peridol have the side effects of impairing various aspects of sexual
response, including orgasm (Shen & Sata, 1990).

Most of the drugs that affect orgasm in men and women influ-
ence the number of neurotransmitter molecules present in the syn-
apse or prolong the amount of time the neurotransmitter remains
in the synapse. These drugs interfere with the normal biochemi-
cal processes that terminate the action of neurotransmitters, either
through enzymatic breakdown or by reuptake. The enzymes that
break down neurotransmitters usually have a highly specific tar-
get—that is, they degrade only certain molecules and not others.
The enzyme monoamine oxidase, for example, acts only on mono-
amines such as norepinephrine, serotonin, and dopamine. Drugs
that inhibit these degradative enzymes elicit changes in the post-
synaptic neuron by prolonging the action of the neurotransmitter
in the synapse, thereby exerting an indirect effect on the postsyn-
aptic neuron.

Another family of drugs that affect neurotransmitter action are
the specific reuptake inhibitors. Some neurotransmitters, includ-
ing the monoamines, return to their neurons of origin immediately
after being released into the synapse and are eventually reused.
It is this reuptake process, clearing them from the synapse, that
terminates their action. Reuptake involves a series of events, in-
cluding association of the neurotransmitter with a carrier protein
in the neuronal membrane that, with the help of an energy-pro-
viding enzyme system, transports the neurotransmitter back into
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the presynaptic neuron. Drugs that obstruct the attachment of a
neurotransmitter to its carrier protein amplify the effect of the neu-
rotransmitter by prolonging its presence in the synapse. This is the
mechanism by which the selective serotonin reuptake inhibitors
(SSRIs) exert their antidepressant action and contribute to anor-
gasmia (Mitchell & Popkin, 1983).

Some recreational drugs that enhance sexual response are reup-
take inhibitors of neurotransmitters other than serotonin. For ex-
ample, cocaine inhibits the reuptake of dopamine, thus prolong-
ing its action on postsynaptic dopamine receptors (N. S. Miller
& Gold, 1988). Activation of some of these dopamine receptors,
specifically those classified as D2 receptors, produces mental states
that some individuals perceive as improving their social interac-
tions or enhancing their sexual behavior or their affective response
to sexual stimulation.

Other drugs that influence sexual response act by prolonging the
action of the second messenger, rather than that of the neurotrans-
mitter itself. Thus, sildenafil (Viagra) facilitates penile erection by
prolonging the effect of the second messenger cGMP, which is gen-
erated by the action of the neurotransmitter nitric oxide. Sildenafil
acts by preventing the action of the enzyme, phosphodiesterase-§,
that breaks down cGMP (Boolell et al., 1996).



The Neurochemistry of Orgasm

Some of the neurotransmitters involved in ejaculation
are chemically identical in many different species of ver-
tebrates, indicating that they are highly conserved from an
evolutionary point of view. Across species, two neurotrans-
mitters seem to be essential to ejaculation: dopamine and
serotonin. These two neurotransmitters also seem to me-
diate orgasm in men and women, and sexual behavior in
male and female animals.

Dopamine as a Trigger for Sexual Behavior

Dopamine plays a facilitatory role in male sexual activity,
not only in humans but in other mammals and in reptiles
and birds. In rodents there is extensive evidence that an in-
crease in dopaminergic tone facilitates sexual arousal and
ejaculation (Melis & Argiolas, 1995). Indeed, such effects
on sexual behavior produced by drugs that act through
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dopamine were shown even before dopamine was established as a
neurotransmitter, at a time when it was considered only as a pre-
cursor of norepinephrine. Thus, in 1957 Soulairac and Soulairac
reported that amphetamine, a drug later shown to release dopa-
mine, facilitated ejaculation in male rats, reducing by 33 percent
the number of intromissions required to ejaculate and increasing
by 30 percent the number of ejaculations. This finding that an in-
crease in dopaminergic tone stimulates ejaculation has been con-
firmed repeatedly. Based on the number of intromissions (penile
insertions into the vagina) preceding ejaculation as an index of
ejaculatory “threshold,” a large number of dopamine precursors,
agonists, dopamine releasers, and dopamine reuptake blockers
have been found to decrease this threshold. (These drugs include
D-amphetamine, apomorphine, pergolide, Nn-propyl norapomor-
phine, lisuride, and LY 163 502.)

The impetus to study the role of dopamine in male sexual behav-
ior in rats originated in reports that for patients with Parkinson’s
disease, administration of the dopamine precursor L-dopa stimu-
lated penile erection and sexual activity (Bowers, Van Woert &
Davis, 1971). A few years later, this apparent “aphrodisiac” effect
was corroborated in rats (Tagliamonte, Fratta & Gessa, 1974).

For females, however, the findings on the participation of dopa-
mine in sexual behavior are contradictory. Pharmacological obser-
vations indicate a facilitatory role of dopamine in sexual arousal
and orgasm in women (Uitti et al., 1989; Shen & Sata, 1990). In
female rats, dopaminergic drugs have more variable effects on es-
trous (mating) behavior. Reports on agents that deplete dopamine
or that antagonize the effects of dopamine suggest that dopamine
has mainly an inhibitory effect on lordosis (elevation of the rump
and vaginal opening to facilitate penile insertion) in the rat. How-
ever, some researchers have reported facilitatory effects on lordotic
behavior by the administration of low doses of dopamine agonists
in female rats that are relatively unreceptive sexually (for a review,
see Melis & Argiolas, 1995).
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We can resolve this apparent discrepancy by recognizing that
dopaminergic stimulation has two different effects in rats: stimu-
lating locomotion and increasing sensitivity to sensory stimulation.
During mating, the female rat stands rigidly immobile in the lor-
dotic posture as the male mounts her. After intromission the female
suddenly darts away from the male (Komisaruk & Diakow, 1973).
Since the mating period is characterized by intense running activ-
ity in the female rat, this creates a dynamic tension between the
tendency to run and the tendency to stand immobile. Perhaps it is
this dynamic tension that generates the abrupt darting and stop-
ping that characterize the female rat’s mating behavior (Komisa-
ruk, 1971). Consistent with the obligatory immobilization that al-
lows mating, drugs that block the locomotion-stimulating action
of dopamine augment the female rat’s mating response (Everitt,
Fuxe & Hokfelt, 1974; Herndon et al., 1978). Conversely, dopa-
minergic drugs stimulate locomotion, so the female does not stand
still for the male’s mounts and copulation is thwarted (Caggiula et
al., 1979).

By contrast, dopaminergic stimulation also produces a marked
increase in responsiveness to sensory stimulation, consistent with
findings that blocking the dopamine system produces a syndrome
of “sensory neglect” (Marshall, Turner & Teitelbaum, 1971).
Thus, it is likely that response to dopaminergic stimulation de-
pends on individual differences in the balance struck between these
two effects—locomotion and sensitization. The sensitization effect
may predominate over the locomotory effect and augment the fe-
male rat’s mating response to the stimuli provided by the mounting
male. Or the locomotion-stimulating effect may predominate and
the female will not stand still to allow the male to mount. These
opposing effects could account for the unpredictability of dopa-
mine manipulation in female rats.

Given the close agreement between the results obtained in hu-
mans and rats on the action of dopaminergic drugs on male sexual
behavior, we can infer that similar neural structures and circuitry
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are involved in both species. This is consistent with observations
that the anatomical organization of the dopaminergic system, in
terms of nuclei and brain connections, is very similar across mam-
malian species (Bjorklund & Lindvall, 1984).

Various methods have been used to study the neurotransmitter
basis of sexual behavior in male rodents, such as destroying (le-
sioning) different components of the underlying neural system, in-
fusing agonists or antagonists into specific brain regions, and using
modern methodology such as pulse voltammetry and microdialysis
to measure rapidly changing, very low levels of neurotransmitters
released locally in the brain in awake animals (for reviews, see Mas
et al., 1990; Pleim et al., 1990; Melis & Argiolas, 1995).

Studies performed in the rat have revealed some of the brain
structures that mediate dopaminergic effects on sexual behavior.
The mixed D1-D2 agonist apomorphine, when infused into the
medial preoptic area of the forebrain, increased the number of
ejaculations and the proportion of rats that copulated by 40 per-
cent. Apomorphine was ineffective when infused into other fore-
brain regions—either the nucleus accumbens or other regions of
the striatum. Dopamine receptor antagonists such as haloperidol
produced the opposite effect when infused into the medial preoptic
area, decreasing the number of intromissions and ejaculations by
50 percent (Melis & Argiolas, 1995). An increase in dopaminergic
activity in the medial preoptic area during copulation in the rat
has been detected by both microdialysis and chronoamperometry,
another highly sensitive method that measures the levels and time
course of specific neurotransmitters as they are released into lo-
cal brain regions during behavior (A. G. Phillips, Pfaus & Blaha,
1991). Apomorphine infusions into these areas in rats elicit pe-
nile erection (Melis & Argiolas, 1993), but not when directed
to other forebrain regions—the striatum or nucleus accumbens.
However, a significant increase in endogenous dopaminergic ac-
tivity was observed in the nucleus accumbens in copulating male
rats. Researchers have interpreted this finding as being related to
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the rewarding effect of copulation and ejaculation that could be
mediated by dopamine release from the mesolimbic pathway into
the nucleus accumbens (Pleim et al., 1990; A. G. Phillips, Pfaus &
Blaha, 1991).

Besides participating in neural processes that facilitate ejacula-
tion and sexual gratification, dopamine also facilitates and even
elicits penile erection in both rats and humans. This action is me-
diated through D2 receptors. Thus, mixed (D1-D2) or D2 agonists
(e.g., apomorphine, bromocryptine, lisuride), but not Dt agonists,
induce penile erections when administered systemically. Facilita-
tion of penile erection by dopamine agonists such as apomorphine
requires androgen priming, since it does not occur in castrated
males. However, this response can be restored by testosterone or by
the combined administration of two other steroid hormones: estra-
diol and dihydrotestosterone (Melis, Mauri & Argiolas, 1994).

The D2 postsynaptic receptors responsive to dopamine agonists
in eliciting penile erection are located in the medial preoptic area
and the paraventricular nucleus of the hypothalamus (Buijs et al.,
1984; Lindvall, Bjorklund & Skagerberg, 1984).

Dopaminergic axons that project to the paraventricular nuclei
originate from a small group of neurons, termed the A-14 dopami-
nergic group, which constitute the incertohypothalamic pathway.
In rats, the axons originate in a forebrain area, the subthalamus,
and project to the hypothalamus. In the paraventricular nucleus,
D2 receptors are located on oxytocin-synthesizing neurons (Buijs
et al., 1984; Lindvall, Bjorklund & Skagerberg, 1984).

These data show that in the male rat, dopamine plays three im-
portant roles in sexual behavior, most likely acting through ana-
tomically distinct regions of the dopaminergic system. First, penile
erection depends on an incertohypothalamic dopaminergic com-
ponent (originating in the subthalamus of the forebrain) linked to
the oxytocinergic system. Second, several components of copula-
tory behavior, such as ejaculation threshold, latency to ejaculation,
and postejaculatory interval, are modulated by the medial preoptic
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area. Third, projections of the midbrain ventral tegmental area
(area A10) to the nucleus accumbens and to the limbic cortex may
be related to the rewarding aspects of ejaculation.

Although the participation of dopamine in the production of
orgasm and ejaculation in men seems well supported, unresolved
questions remain. For example, there is good evidence from sev-
eral subprimate studies that the medial preoptic area is essential
to male sexual behavior. Destruction of the medial preoptic re-
gion prevents the expression of male copulatory behavior in rats
(Larsson & Ahlenius, 1999), androgen implants in this area re-
store behavior in castrated rats (Morali, Larsson & Beyer, 1977;
E. R. Smith, Damassa & Davidson, 1977), and in gerbils, preoptic
neurons express the Fos protein (a marker of neural activation) fol-
lowing ejaculation (Heeb & Yahr, 2001; Simmons & Yahr, 2002).
However, Holstege et al. (2003), using PET (positron emission to-
mography) in men, found that the medial preoptic area did not
show an increase in activity during ejaculation. This apparent dis-
crepancy between animal and human data may be due to a tech-
nicality such as limited resolving power or sensitivity of the PET
methodology, but it may also be due to the process of encephaliza-
tion (increasing brain complexity) by which functions integrated in
subcortical structures (e.g., the medial preoptic area) in subprimate
mammals are transferred to the cerebral cortex in humans.

Serotonin as a “Brake” on Sexual Behavior

The other major modulator of sexual behavior, besides dopamine,
is serotonin. Serotonergic neurons are found in nine cell groups,
classified as Bt to B, located mainly in the pons and the mesen-
cephalon of the brainstem (Frazer & Hensler, 1999). As in the case
of the localization of dopaminergic neurons, the neuroanatomy of
the serotonergic system in humans is comparable to that in many
other mammalian species.

There is abundant pharmacological evidence indicating that the
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serotonergic system exerts a tonic inhibitory effect on male sexual
behavior. Thus, drugs such as para-chlorophenylalanine (pCPA)
that decrease brain serotonin levels (by interfering with serotonin
synthesis) facilitate sexual behavior, particularly in noncopula-
tors, or castrated rats treated with low doses of testosterone (for
a review, see Hull, Muschamp & Sato, 2004). By contrast, raising
serotonin levels in rats by administering 5-hydroxytryptophan (5-
HTP), the precursor of serotonin, or injecting serotonin directly
into the brain (Hillegaart, Ahlenius & Larsson, 1991) increased
the number of intromissions required to achieve ejaculation and
prolonged the latency to ejaculation (Ahlenius & Larsson, 1991).
Consistent with these findings, in men, the use of some selective se-
rotonin reuptake inhibitors (SSRIs), which elevate serotonin levels
at the synapse, also inhibits ejaculation and probably also sexual
motivation. In rats also, SSRIs such as fluoxetine were effective in
inhibiting sexual behavior when administered chronically, but not
acutely (Cantor, Binik & Pfaus, 1999; Mos et al., 1999).

Based on studies that used a variety of serotonin agonists, it is
evidently the postsynaptic serotonin 2 receptors that mediate the
inhibitory effects of this neurotransmitter on male sexual behavior
(Haensel, Rowland & Slob, 1995). Consistent with these findings,
stimulation of (presynaptic, inhibitory) serotonin 1A receptors in
testosterone-treated male rats by specific agonists such as 8-OH-
DPAT facilitates ejaculation by blocking release of serotonin into
the synapses (Ahlenius & Larsson, 1991).

This effect seems to be due to a decrease in serotonergic tone,
since serotonin 1A receptors are found in the membrane of the cell
body and dendrites of serotonergic neurons, indicating that they
are presynaptic autoreceptors. Stimulation of presynaptic autore-
ceptors by serotonin results in a decrease in neuronal firing and
consequent decrease in serotonin release, resulting in the same net
effect as blocking the postsynaptic serotonin receptors. It should
be noted, however, that not all serotonin 1A receptors are presyn-
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aptic; some of the effects of 8-OH-DPAT are mediated by postsyn-
aptic receptors in the nucleus accumbens (Fernandez-Guasti et al.,
1992).

These findings indicate that serotonin acts as a brake for the
production of ejaculation-orgasm by genital stimulation.

Is Premature Ejaculation Due to a Weak Serotonin Brake?

Normally, orgasm or ejaculation occurs only after a period of
genital stimulation during copulation. This period varies greatly
among species and among individuals within a species. Thus, rams
and rabbits, which can be considered examples of “normally pre-
mature” ejaculators, ejaculate almost immediately (approximately
one second) after intromission, while rats and men require con-
siderable genital stimulation to overcome the tonic inhibitory ef-
fect, which is perhaps exerted by serotonin on the neural impulses
originating from the genitals. It is tempting to speculate that rams
and rabbits normally lack a genital-inhibitory serotonergic tone.
Perhaps species differences in ejaculation latencies and amount of
stimulation required to achieve ejaculation-orgasm are due to vari-
ations in balance between the tone of the serotonergic system and
that of opposing systems, including the dopaminergic system, that
establish an ejaculation threshold. Based on the same reasoning,
perhaps men who experience premature ejaculation have a rela-
tively low serotonergic tone, whereas those with anorgasmia have
a relatively high serotonergic tone. A converse pattern of dopami-
nergic tone could have equivalent effects. It would be interesting
to determine whether serotonin agonists would delay ejaculation
in rams and rabbits, whether these animals’ natural serotonergic
tone is normally lower than that of rats and men, and whether the
converse picture would be the case for their dopaminergic tone.
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A Concise Neurological Model of Orgasm in Humans

Bearing in mind Alfred North Whitehead’s recommendation to
“seek simplicity but distrust it,” we propose the following neuro-
transmitter model of orgasm in women and men. Admittedly sim-
plified, it nevertheless provides a useful framework for understand-
ing the effects of various drugs on orgasm. Abundant evidence
points to dopamine as the key neurotransmitter involved in stimulat-
ing orgasm in humans. Thus, as mentioned above, administration of
its precursor (L-dopa), agonists (apomorphine), dopamine releasers
(amphetamine), or dopamine reuptake inhibitors (cocaine or bu-
propion) facilitates the expression of orgasm in men and women.
Antipsychotics and many antidepressants that impair orgasm, on
the other hand, possess the common property of blocking postsyn-
aptic D2 or D4 receptors.

The neuroanatomical distribution of dopaminergic neurons in
the brain and their projection sites are well known. The cell bodies
of most dopaminergic neurons are located in the brainstem, par-
ticularly in the midbrain, and three fiber systems ascend from this
structure to the forebrain. These fiber systems connect the ventral
tegmental area in the upper midbrain (areas A1o, A8) and substan-
tia nigra (A9) with three forebrain areas: (1) the caudate nucleus
and putamen (the neostriatum), (2) the limbic cortex (cingulate
cortex, entorhinal cortex, and medial prefrontal cortex), and (3) a
series of subcortical limbic structures (nucleus accumbens, amyg-
dala, septum, and olfactory tubercle). Apparently, both D2 and
D4 postsynaptic receptors are essential to orgasm, because drugs
blocking either of these receptor subtypes inhibit orgasm. The cell
bodies of the dopaminergic neurons that comprise the mesocorti-
cal and mesolimbic pathways originate in the ventral tegmental
area. This brain region is activated during ejaculation in men, as
measured by PET (Holstege et al., 2003), and its projection tar-
get region in the nucleus accumbens is activated during orgasm in
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women, as measured by fMRI (functional magnetic resonance im-
aging) (Komisaruk, Whipple, Crawford, et al., 2002, 2004). Both
pharmacological and anatomical studies, therefore, strongly sug-
gest that this dopaminergic system participates in the production
of orgasm in humans. However, acute administration of drugs that
increase dopaminergic activity (agonists, releasers, or uptake in-
hibitors) only occasionally induce orgasm in the absence of other
factors. A possible exception is cocaine, which, when rapidly incor-
porated into the blood circulation, can induce the “cocaine rush”
that some individuals report as feeling similar to genital orgasm.

Neurophysiological studies demonstrate that dopamine acts
more as a neuromodulator of sensory input than as an excitatory
neurotransmitter. The failure of dopaminergic drugs to produce
orgasm by themselves is probably due to the fact that dopamine
does not “turn on an orgasm switch.” Rather, dopamine produces
a sensitization to sensory stimuli (Antelman & Rowland, 1977).
It opens and augments the flow of sensory impulses generated by
genital stimulation and other sexually relevant stimuli to activate
reward-pleasure limbic system circuits. Recent studies support this
idea. Thus, Hagemann et al. (2003) found that in men with erec-
tile dysfunction, the dopamine agonist apomorphine enhanced the
response in the frontal cortex and the rostral anterior cingulate
cortex (measured with PET) to the presentation of a sexually stim-
ulating video. The authors concluded that apomorphine enhances
the brain response to sexual stimuli.

Serotonin plays an essential role in the inhibitory regulation of
orgasm. Thus, all antipsychotic and antidepressive drugs that en-
hance serotonergic activity, in most cases by blocking serotonin
reuptake, tend to produce anorgasmia. Inhibition of orgasm is
mediated by interaction of serotonin with serotonin 2 receptors.
That this molecular process is critical for inhibition of orgasm is
supported by the finding that agents such as cyproheptadine that
block the action of serotonin on the serotonin 2 receptors almost
immediately counteract the inhibitory effect of antidepressants on
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orgasm. The “exception that proves the rule” is found in the case
of nefazodone, which, unlike the other SSRIs, does not inhibit or-
gasm. Nefazodone, in addition to blocking the reuptake of sero-
tonin, also happens to block the serotonin 2 receptors, thereby
counteracting the effect of the accumulated serotonin and prevent-
ing it from inhibiting orgasm.

We speculate further that endogenous serotonin normally exerts
a tonic inhibitory effect on orgasm and that a transient decrease
in serotonergic activity is necessary to enable the occurrence of or-
gasm. Indeed, buspirone, a serotonin 1A autoreceptor agonist (Zifa
& Fillion, 1992), most likely exerts facilitatory effects on orgasm
by decreasing the release of serotonin into the synapse.

Significant anatomical interactions exist between serotonergic
and dopaminergic neurons. Serotonin exerts a tonic inhibitory effect
on dopaminergic neurons at various sites. Some serotonergic fibers
innervate dopaminergic neurons in the ventral midbrain. These do-
paminergic neurons project their long axons forward into the stria-
tum, limbic, and cortical areas (Jacobs & Azmitia, 1992). Serotonin
input to these areas may inhibit dopaminergic neuronal firing.

Serotonin can also inhibit dopamine release via presynaptic sero-
tonin receptors on dopaminergic neurons (Alex et al., 2005). This
inhibitory process by presynaptic inhibition (through axoaxonic con-
nections) has been well studied in the basal ganglia, and it is the basis
of a serotonin-dopamine disorder theory proposed to explain Tourette
syndrome and obsessive-compulsive disorders. Bodily tics or sudden
obtrusive thoughts (“mental tics”) observed in these disorders are
thought to be due to transient predominance of the dopaminergic
system over the serotonergic system. Extending this model to or-
gasm, when the balance between serotonin and dopamine is tilted
toward serotonergic predominance, a tendency to delayed orgasm
or anorgasmia may occur. By contrast, when dopaminergic uncon-
trolled activity prevails, premature ejaculation may occur. This could
account for the ability to correct premature ejaculation either by
increasing serotonergic tone or by blocking dopaminergic activity.



Effects of Medication

I(insey and his colleagues stated in 1953 that sexual
arousal and orgasm involve the entire nervous system
and thus all parts of the body. Although this statement may
seem exaggerated, recent studies of brain activity by func-
tional magnetic resonance imaging (Komisaruk, Whipple,
Crawford, et al., 2002, 2004) and positron emission to-
mography (Holstege et al., 2003) indicate that in both men
and women, a large number of brain structures are acti-
vated, and others inactivated, during orgasm. This reveals
the complexity of the neural circuits participating in orgasm
and the many neurotransmitters and neuromodulators that
could be involved. The complexity of the neural circuitry
involved in orgasm makes its fine-tuning highly vulnerable
to drugs that affect synaptic transmission. This may be the
reason why most drugs impair, rather than improve, sex-
ual response. In general, drug-related sexual disorders are
caused by prescription drugs such as antipsychotics and

II
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antidepressants or by substances of abuse such as opiates, alcohol,
and cocaine.

Since the 19 50s, many medical reports have associated the use of
some drugs (medicines, recreational drugs, herbs, etc.) with altera-
tions in sexual response. Psychotropic drugs were among the first
to be recognized as impairing sexual functioning, and we consider
these first. But beyond their historical significance, they are impor-
tant to discuss because these drugs, through their mode of action
in producing anorgasmia, have aided more than other drugs in our
understanding of the biochemical basis of orgasm in humans.

Neuroleptics and Atypical Antipsychotics

Neuroleptics (a broad category of antipsychotic drugs) were dis-
covered by accident in the 1950s when Henri Laborit adminis-
tered chlorpromazine, for its antihistamine effect, to patients be-
ing prepared for major surgery (Laborit & Huguenard, 1951). He
observed that the chlorpromazine provoked mental effects such as
decreased interest in the environment. This observation encour-
aged his colleague Jean Delay to test the action of this drug for an-
tipsychotic potential (Delay, Deniker & Harl, 1952). They found
chlorpromazine to be a highly effective antipsychotic. Its conse-
quent widespread use created a revolution in the treatment of psy-
chosis, particularly schizophrenia. Chlorpromazine was found to
have its beneficial effects in suppressing the “positive symptoms”
of schizophrenia (aggressive behavior, delusions, and hallucina-
tions), not through its weak antihistamine action but by its an-
tagonistic effect on dopamine postsynaptic receptors.
Chlorpromazine opened the door to the production of many
other drugs with antipsychotic effects. (Table 1 lists the most widely
used antipsychotics in Europe and the United States and their ef-
fect on sexual response.) Soon afterward, it was found that chlor-
promazine—and, somewhat later, that other antipsychotics—had
significant undesirable side effects on motor and muscular activity,
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Table I. Antipsychotic drugs and sexual disorder

Class Generic name Trade name Sexual disorder
Phenothiazines Chlorpromazine Thorazine ++
Fluphenazine Prolixin ++
Thioridazine Mellaril +++
Butyrophenone Haloperidol Haldol +
Dibenzoxapine Loxapine Loxitane ++
New antipsychotics Clozapine Clozaril 0/+
Olanzapine Zyprexa 0/+
Risperidone Risperidal +

0 no effect; + moderate effect; ++ strong effect; +++ intense effect

inducing parkinsonism (Parkinson’s-like symptoms) and tardive
dyskinesia (late-developing movement disorders). The muscle stiff-
ness and uncoordination or lack of movement produced by these
drugs was referred to as neurolepsis, and the term neuroleptic was
coined by Laborit and Huguenard (1951) for the antipsychotic
drugs that produce the undesirable motor effects. The effects were
shown to be produced by the blockage of D2 receptors in the stri-
atum (a subcortical region of the brain containing the putamen
and caudate nucleus), which controls motor activity (D. Hartman,
Monsma & Civelli, 1996; Jentsch & Roth, 2000). The striatum
is a component of the extrapyramidal motor system (as distinct
from the pyramidal, or corticospinal, motor system that originates
in the motor cortex). The striatum receives dopaminergic fibers
via the nigrostriatal pathway, which consists of axons originating
in neurons located in the midbrain substantia nigra (Bjorklund &
Lindvall, 1984).

Patients treated with antipsychotics frequently reported sex-
ual disorders, though initially they were not taken seriously. Men
frequently complained of erectile and ejaculatory problems. For
example, in one study, half of the patients receiving thioridazine
(Mellaril) reported disturbances in ejaculation (Kotin et al., 1976).
Some of these sexual effects, such as erectile disorder, are not due
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to the effect of these drugs on the striatum or on dopamine recep-
tors. Instead, they are due to the blockage of muscarinic choliner-
gic (acetylcholine) and alpha-adrenergic (norepinephrine) recep-
tors in the peripheral nervous system or spinal cord that are related
to erection and seminal emission. Anorgasmia and alterations in
libido and sexual gratification were also found in men and women
treated with neuroleptics (Ghadirian, Chouinard & Annable,
1982; Shen & Sata, 1990).

Adverse effects on orgasm have been observed with both low-
potency neuroleptics (i.e., those having little effect on cholinergic
receptors), such as chlorpromazine and thioridazine, and high-po-
tency antipsychotics (having strong effects on cholinergic recep-
tors), such as fluphenazine and haloperidol. Anorgasmia caused by
antipsychotics is apparently due to their effect not on the striatum
but rather on the limbic cortex, a separate region to which dopa-
minergic neurons project (Bjorklund & Lindvall, 1984). The cell
bodies of dopaminergic neurons that project to the limbic cortex
are located in a different part of the midbrain (not the substan-
tia nigra), in a region termed the “ventral tegmental area.” Their
axons form the mesolimbic dopaminergic pathway.

Concern over the significant undesirable side effects of neuro-
leptics led to a search for antipsychotics that would selectively
block dopaminergic activity in the mesolimbic (“antipsychosis”)
pathway but not in the nigrostriatal (“motor”) pathway. Several
compounds, known as “atypical” antipsychotics, were synthesized
that did indeed have preference for the mesolimbic over the nigro-
striatal pathway. Atypical antipsychotics are drugs that, at doses
producing clear antipsychotic effects, lack neuroleptic (i.e., par-
kinsonian) effects. Particularly interesting is clozapine, an atypical
antipsychotic that is highly effective in treating psychosis without
undesirable motor effects (Stahl, 1999).

Clozapine (Clozaril) is a complicated drug that interacts with at
least nine different receptors, and yet its antipsychotic effect seems
to be due to its action on the dopaminergic system selectively. Clo-
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zapine has a much greater affinity for D4 receptors than for D2
receptors. The D4 receptor is similar to the D2 but has a different
regional distribution in the nervous system. Thus, D4 receptors
are found in the limbic cortex (mesofrontal and cingulate cortices)
but to a much lesser extent in the striatum, a finding that accounts
for clozapine’s lack of parkinsonian effects (Pilowsky et al., 1997).
This drug blocks the dopamine effect in the limbic system, thereby
dampening the positive symptoms of schizophrenia. However, clo-
zapine also induces orgasmic disorder in women and men.

These observations, taken together, led to the conclusion that
limbic D4 receptors are involved in orgasm. The orgasmic disorder
produced by clozapine is much weaker than that observed with
classical antipsychotics, at least in men. Thus, Aizenberg, Modali, et
al. (2z001) found that male patients with schizophrenia experienced
less severe orgasmic disorder (measured as number of orgasms per
month and frequency of orgasm during sexual intercourse) than
comparable patients treated with the classical antipsychotics. Simi-
larly, in a group of male patients, Wirshing et al. (2002) reported
significantly fewer cases of orgasmic disorder in those treated with
clozapine than in those treated with haloperidol or risperidone.

Use of Antipsychotics in Treating Paraphilias

Both patients and clinicians perceive the impairment of sexual re-
sponse that is produced by antipsychotic drugs as an unwelcome
side effect. Yet this effect can be used advantageously to ameliorate
certain types of sexual problems. The fact that antipsychotic drugs
decrease sexual libido and delay or block orgasm prompted some
clinicians to use these drugs to treat “hypersexual” individuals.
Thus, it has been reported that antipsychotics control the behav-
ior of male subjects with various paraphilias. (According to the
DSM-IV-TR [2000], paraphilias are mental disorders “character-
ized by sexual fantasies, urges or behaviors involving non-human
objects [coprophilia, Fetishism, Transvestic Fetishism], suffering or
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humiliation [Sexual Sadism, Masochism], children [Pedophilia], or
other non-consenting person [Voyeurism, Frotteurism, Exhibition-
ism].”) Some antipsychotics have also been used successfully in the
treatment of premature ejaculation (PE), a condition in which the
ejaculation-orgasm threshold is abnormally low.

Mechanism of Action of Antipsychotics on Orgasm

Antipsychotics not only interfere with elicitation of orgasm but
impair erection and ejaculation by blocking spinal and peripheral
cholinergic and adrenergic receptors (Stahl, 1999). This effect is
in addition to their interference with the perceptual experience of
orgasm by their action in the brain. The effects of drugs on orgasm
provide clues to the biochemical mechanisms involved in the pro-
duction of this unique mental state.

The common action of all antipsychotics in producing anorgas-
mia is their blockage of dopamine receptor subtypes: D2 (blocked
by typical antipsychotics) or D4 (blocked by atypical antipsychot-
ics). While blockage of D2 and D4 receptors in the limbic cortex
(which includes the medial prefrontal cortex and the cingulate cor-
tex) is related to the disappearance of the positive symptoms of
schizophrenia (hallucinations, delusions), it also interferes with the
normal production of orgasm. The relationship between orgasm
and hallucinations suggests that both processes involve the activa-
tion of common neurons that have dopamine receptors and receive
dopaminergic input. This confounding of effects makes the task of
designing pharmaceutical agents that can differentially affect these
processes difficult.

Thus, anorgasmia does not seem to be related to the neuroleptic
motor effects induced by typical antipsychotics acting on the ni-
grostriatal dopaminergic system (in which neurons in the substan-
tia nigra send axons to the striatum). Furthermore, the atypical
antipsychotics—those lacking extrapyramidal motor effects—such
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as clozapine are less disruptive to orgasm than the typical antipsy-
chotics (Aizenberg et al., 2001; Wirshing et al., 2002).

While the role of the dopaminergic mesocortical and mesolim-
bic systems in the expression of orgasm seems well founded, sev-
eral puzzling observations remain to be explained. For example,
although blockage of dopamine receptors occurs within hours of
taking an antipsychotic, anorgasmia does not occur until days
later. A comparably delayed action of the drugs was also observed
for the improvement of the positive symptoms of schizophrenia.

This delayed action of antipsychotics led some investigators to
propose the existence of a secondary reorganization of dopamine
receptors in response to the initial effect. Reorganization of dopa-
mine receptors in the membrane of receptive neurons may occur
as a physiological adjustment to fluctuations in dopamine released
at the synapse, which then affects the intensity of “stimulation”
produced by the neurotransmitter. Thus, when an excessive con-
centration of dopamine persists in the synapse, it produces a com-
pensatory decrease in the number of receptors, a process termed
“down-regulation.” Conversely, when dopamine is depleted or its
action on the receptors is prevented by antagonists (such as an-
tipsychotics), the consequence is a compensatory increase in the
number of receptors, or “up-regulation.” An up-regulation of do-
pamine receptors occurs following a persistent blockade of dopa-
mine action by antipsychotics, and probably plays a role in the
action of these drugs in both psychosis and sexual response.

However, recent findings suggest that the main event in the an-
tipsychotic and sexual response effects of these drugs is not the
up- or down-regulation of the receptors but rather blockade of the
D2 or D4 receptors (Kapur & Mamo, 2003). A meta-analysis of
several well-controlled studies revealed a much more rapid onset
of action of both typical and atypical antipsychotics in improving
psychotic symptoms. Indeed, well-controlled, double-blind pla-
cebo studies comparing the effects of haloperidol, olanzapine, and
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placebo showed a clear effect of the antipsychotics within as little
as twenty-four hours. This indicates that blocking dopaminergic
activity or D2 or D4 receptors produces an almost immediate anti-
psychotic effect (Kapur, 2004). It seems likely that a careful study
with an adequate questionnaire would also reveal a comparably
early effect of the blocking of dopaminergic activity on orgasm or
sexual functioning.

Regardless of whether the action of antipsychotics on orgasm is
based on a primary (receptor-blocking) or secondary (receptor up-
or down-regulation) effect, there is little doubt that dopamine is a
significant, if not essential, neurotransmitter for the production of
orgasm.

An alternative mechanism that could account for the anor-
gasmia and sexual disorder produced by antipsychotics is the in-
creased secretion of the anterior pituitary hormone prolactin into
the bloodstream, which occurs in response to typical and some
atypical antipsychotics (e.g., risperidone). High plasma levels of
prolactin are associated with an inhibited sexual response in both
sexes. However, the finding that clozapine does not increase pro-
lactin levels (Melkersson, 2005) but nevertheless induces orgasmic
disorder indicates that the process that increases prolactin is not
essential to producing this disorder.

Problematic Antidepressants

A high proportion of individuals with depression have sexual dis-
orders (Segraves, 1992, 1993). Indeed, in the nineteenth century,
the French psychiatrist Pierre Janet considered impairment of sex-
ual functioning to be a symptom of depression. The mechanism in-
volved in sexual disorder during depression is not clear and could
be considered part of the anhedonia (the failure to enjoy positive
experiences) characteristic of this disease. If depression is related
to a sexual disorder, effective treatment of the depression would be
expected to improve sexual life.
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In the 1950s, the first effective antidepressants became avail-
able in clinical practice. The initial information on the effect of
antidepressants on sexuality derived from single case or anecdotal
reports; nevertheless, subsequent studies supported these reports.
Rather than correcting orgasmic disorders, antidepressants exacer-
bated the problem. Harrison et al. (1986) made the first well-con-
trolled systematic study on the effect of antidepressants on the sex-
ual response of women and men with depression. They compared
the effect of a placebo with the tricyclic antidepressant imipramine
(Tofranil) and the nonreversible monoamine oxidase (MAQ) in-
hibitor phenelzine (Nardil). Their study used a well-designed ques-
tionnaire for evaluating sexual functioning. The incidence of pa-
tients reporting a significant decrease in sexual functioning was 30
percent with imipramine, 40 percent with phenelzine, and only 6
percent with the placebo. One of the main problems reported was
the inability to experience orgasm by either intercourse or mastur-
bation. An extensive series of reports and studies has confirmed
these findings (e.g., Baier & Philipp, 1994; Lane, 1997), although
the percentages of patients with sexual disorders in response to an-
tidepressants varied widely depending on the methodologies used.

Antidepressants can be classified into three families, depending
on both the cellular mechanisms involved in their action and their
chemical structure: (1) inhibitors of MAO, (2) tricyclic antidepres-
sants, and (3) selective serotonin reuptake inhibitors (SSRIs). We
discuss them separately because their pharmacological profiles dif-
fer, as do their effects on sexual response. (Table 2 lists the antide-
pressants used in the United States and Europe and their effect on
human sexual response.)

Monoamine Oxidase Inhibitors

Monoamines are chemicals that contain one amine group (mean-
ing an “ammonia-containing” group, consisting of nitrogen and
hydrogen). Monoamines are enzymatically broken down and
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Table 2. Antidepressant drugs and sexual disorder

Class Generic name Trade name Sexual disorder
Tricyclic Amitriptyline Elavil ++
Clomipramine Anafranil ++
Desipramine Norpramin ++
Imipramine Tofranil ++
Nortriptyline Pamelor ++
MAOI Moclobemide Aurorex 0
Phenelzine Nardil +
SSRI Citalopram Celexa +++
Fluoxetine Prozac ++
Fluvoxamine Luvox ++
Paroxetine Paxil +++
Sertraline Zoloft ++
Atypical Bupropion Wellbutrin 0
Mirtazapine Remeron 0
Nefazodone Serzone 0
Reboxetine Edronax 0
Trazodone Desyrel 0
Venlafaxine Effexor ++
Antagonist Buspirone BuSpar 0

0 no effect; + moderate effect; ++ strong effect; +++ intense effect

thereby inactivated by the enzyme monoamine oxidase. MAO in-
hibitors block the degrading action of the enzyme. In the synapse,
MAQO inhibitors act by preventing the enzymatic breakdown of
the monoamines—norepinephrine, dopamine, and serotonin—
and thus increasing the availability, and consequently prolonging
the effect of, these neurotransmitters at the postsynaptic neurons.
MAQO inhibitors were the first antidepressants to be introduced
into clinical practice. The discovery of their antidepressant effect
was serendipitous—they were initially tested as antituberculosis
agents.

All the original MAO inhibitors, such as phenelzine (Nardil),
bind to MAO irreversibly, thus permanently blocking its enzymatic
function. An unfortunate result of this action is that the drug al-
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lows norepinephrine levels to increase at all receptor sites, includ-
ing those where norepinephrine stimulates hypertension—a dan-
gerous complication, particularly if a person taking the drug eats
foods, such as cheese, that are rich in tyramine, a precursor of
norepinephrine. In a substantial proportion of women and men,
irreversible MAO inhibitors also produce significant undesirable
sexual side effects, including anorgasmia.

A great advance in treatment for depression was made when
reversible inhibitors of MAO, such as moclobemide (Aurorex),
became available. Reversible inhibitors lack the troublesome hy-
pertensive action yet retain their antidepressant effect. Also, mo-
clobemide produces sexual disorders in only a small proportion of
patients (fewer than §%), making it an ideal drug for patients who
have experienced troubling sexual disorders, such as anorgasmia,
with other MAO inhibitors (Philipp, Kohnen & Benkert, 1993;
Montejo et al., 2001). An unexpected side effect of moclobemide
is the production of hypersexuality (Lauerma, 1995) and hyperor-
gasmia in a limited number of women and men.

Most MAO inhibitors increase the levels in the brain of all
monoamines. Yet, norepinephrine and dopamine are generally
considered to facilitate sexual response. Therefore, it seems likely
that the orgasmic disorder associated with many MAO inhibitors
is due to an increase in serotonergic activity that eclipses the other-
wise facilitatory effects of elevated norepinephrine and dopamine.
Indeed, evidence from both animal and human studies indicates
that serotonin alone, acting through serotonin 2A receptors, im-
pairs normal levels of sexual functioning.

Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) were initially tested as neurolep-
tics (i.e., antidopaminergics) for the treatment of schizophrenia—
with poor results. But they were found to be good antidepressants.
Following the finding of Harrison et al. (1986) that imipramine
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(Tofranil) induced sexual disorders, other TCAs have also been
reported to produce orgasmic disorder (delayed orgasm and/or an-
orgasmia). Amitriptyline, trimipramine, clomipramine, and desipra-
mine have been reported to induce anorgasmia in women and men
(J. M. Ferguson, 2001). Moreover, due to the pharmacological pro-
file of these drugs, they affect most aspects of sexual functioning.

Tricyclic antidepressants modify several neurotransmitter sys-
tems, both in the peripheral nervous system (i.e., the autonomic
and other peripheral nerves) and in the central nervous system.
They inhibit the reuptake of monoamines and also block musca-
rinic cholinergic and histaminergic (histamine) receptors (Stahl,
1999). It seems likely that their anticholinergic effect produces the
interference with erection and ejaculation often reported by men
who are taking these drugs (Labbate, Croft & Oleshansky, 2003).
The corpora cavernosa of the penis are innervated by choliner-
gic nerves and contain cholinergic muscarinic receptors that can
be blocked by TCAs. This accounts for the observation that the
administration of bethanecol, a cholinergic stimulatory agent, re-
verses the erectile and ejaculation difficulties produced by some
TCAs (e.g., imipramine). On the other hand, nearly all TCAs en-
hance serotonergic activity, and therefore it is probable that they
also impair the cognitive experience of orgasm by stimulating se-
rotonin 2A receptors.

Selective Serotonin Reuptake Inhibitors

Some years ago it was believed that depression was due to a de-
ficiency in catecholamines, particularly norepinephrine and se-
rotonin. This belief was based on the fact that the first success-
ful antidepressants—MAQO inhibitors and TCAs—increased the
concentrations of these neurotransmitters. Although there is lit-
tle doubt that these neurotransmitters, particularly serotonin, are
involved in depression, it now seems that the problem lies with
their receptors rather than with the neurotransmitters themselves
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(Stahl, 1999). Antidepressants boost the levels of monoamines al-
most immediately, but their effect on mood has a significant de-
lay, usually two or three weeks after blood levels of monoamines
have increased. It is thought that depletion of norepinephrine and
serotonin produces an up-regulation (i.e., an increase in the num-
ber) of postsynaptic receptors, which in some way is related to de-
pression. The serotonin 2A receptor is implicated in this process,
on the basis of evidence that high concentrations of this receptor
are found in the frontal cortex of people who have committed
suicide (Arango, Underwood & Mann, 1992). This finding could
be interpreted as the result of a low level of serotonergic activity,
which would produce a compensatory increase in the production
of serotonin receptors (i.e., up-regulation). Increasing the levels of
serotonin by blocking its enzymatic breakdown, or by blocking
its reuptake, will produce a decrease (down-regulation) of these
receptors and reverse the depression.

Because the original antidepressants (MAO inhibitors and TCAs)
produced troublesome side effects, research was concentrated on
developing drugs that would selectively boost serotonin concentra-
tion. These drugs were called selective serotonin reuptake inhibi-
tors (SSRIs). Since the introduction of fluoxetine (Prozac), SSRIs
have become the most highly used antidepressants, particularly for
long-term use. Yet, as has gradually become evident, most SSRIs
cause delayed orgasm or anorgasmia in a high proportion of pa-
tients (Preskorn, 1995; Rosen, Lane & Menza, 1999; J. M. Fer-
guson, 2001; Montejo et al., 2001), with minor or no effects on
libido or sexual arousal (i.e., on penile erection or on vasomotor
genital changes in women).

Mechanism of Action of Antidepressants on Orgasm

Many of the drugs that produce sexual disorders increase sero-
tonin levels. The mechanisms by which they do this vary. MAO
inhibitors increase the levels of serotonin by preventing its enzy-
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matic destruction, while both TCAs and SSRIs increase the levels
of serotonin by blocking its reuptake. There is evidence suggesting
that serotonin 2A receptors are involved in sexual disorders, par-
ticularly anorgasmia. Serotonin 2A receptors modulate the neural
firing of the postsynaptic neurons on which they are situated by the
production of second messengers (J. R. Cooper, Bloom & Roth,
2003). Blocking these receptors with cyproheptadine, an antihis-
tamine and potent serotonin type 2 antagonist, reduces or reverses
the sexual disorders and anorgasmia produced by antidepressants
(Arnott & Nutt, 1994; Woodrum & Brown, 1998).

The role of serotonin 2A receptors in inhibiting sexual response,
including orgasm, is also supported by the action of a class of
agents known as phenylpiperazines, which are potent blockers
of the serotonin 2A receptors. These drugs also block serotonin
reuptake, although less effectively than TCAs or SSRIs, and are
thus termed serotonin 2 antagonists/reuptake inhibitors (SARIs).
When serotonin reuptake is inhibited, the boost of available sero-
tonin results in the stimulation of all serotonin receptors, some of
which, such as serotonin 1A receptors or serotonin 2D receptors,
have been implicated in the facilitation of sexual response. This
may account for the observation that trazodone (the first member
of the SARI group to be discovered) occasionally can produce erec-
tions, even priapism (prolonged erections with soreness and pain)
(Warner, Peabody & Whiteford, 1987). A promising new SARI is
nefazodone which, like trazodone, is a powerful antagonist of the
serotonin 2A receptor. As might be expected from its pharmaco-
logical profile, nefazodone is one of the few antidepressants that
do not produce significant anorgasmia (Montejo et al., 2001; Bald-
win, 2004). On the contrary, nefazodone stimulates spontaneous
ejaculation in some patients.
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Sexually Beneficial or Benign Antidepressants

Premature ejaculation is one of the most common sexual com-
plaints. According to a study by A. J. Cooper, Cernovsky, and
Colussi (1993), PE affects a significant proportion of men. Since
the antidepressants act by increasing serotonergic activity, their
inhibitory effect on orgasm reveals the existence of a natural se-
rotonergic orgasm-inhibitory mechanism. The existence of this
inhibitory mechanism is also supported by the finding that sev-
eral antidepressants can prevent PE. Thus, the SSRIs fluoxetine,
paroxetine, and sertraline are effective in increasing the latency
of ejaculatory orgasm from less than one minute, which is the ap-
proximate latency for a diagnosis of PE, to between two and six
minutes (McMahon, 1998; McMahon & Touma, 1999a, 1999b).
Delay of orgasm by antidepressants occurs not only in men with
PE but also in men who ejaculate with typical, longer latencies af-
ter the initiation of sexual intercourse. Thus, Waldinger, Zwinder-
man, and Olivier (2003) found that paroxetine increased ejacula-
tion latency by 420 percent in men with PE and by 480 percent in
men with typical ejaculation.

The site of action of serotonin on serotonin 2A receptors to de-
lay or suppress orgasm is not known. Serotonin 2A receptors have
a wide distribution in the central nervous system, from the spinal
cord to the cerebral cortex. Occupation of serotonin 2A receptors
by the neurotransmitter stimulates neuronal activity (J. R. Cooper,
Bloom & Roth, 2003). This suggests that inhibition of these neu-
rons is necessary to trigger orgasm. Indeed the SARI nefazodone,
which blocks serotonin 2A receptors in addition to blocking sero-
tonin reuptake, reverses the sertraline-induced anorgasmia when
administered one hour before sexual activity. This is probably due
to occupation of the serotonin 2A receptors by the nefazodone,
which blocks the subsequent inhibitory effect of the sertraline.

Moclobemide. Fortunately, not all effective antidepressants pro-
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duce sexual disorders. In each class of antidepressants, some drugs
are almost free of sexual side effects, or even have a facilitatory
effect on sexual response. Thus, reversible inhibitors of MAO type
A, such as moclobemide, do not impair sexual response (Montejo
et al., 2001). On the contrary, some reports (e.g., Lauerma, 1995)
describe facilitatory effects on all components of sexual response,
and “hyperorgasmia” has been described in a woman taking mo-
clobemide.

Reboxetine. The mechanism of action of this antidepressant is
inhibition of norepinephrine reuptake, thereby increasing its levels
in the synapse, without affecting serotonin. Reboxetine does not
seem to produce sexual disorders (A. H. Clayton et al., 2003).

Bupropion. This well-established antidepressant is not known
to produce sexual disorders. Like cocaine, it blocks the dopamine
reuptake mechanism, thereby increasing the level of dopamine in
the synapse. Well-controlled, double-blind studies, with or without
placebo, have shown that even prolonged treatment with bupro-
pion does not affect orgasm (Segraves et al., 2004). Moreover, bu-
propion is an effective antidote for the sexual disorders induced by
most SSRIs (Ashton & Rosen, 1998; A. H. Clayton et al., 2003).
Bupropion, like other antidepressants (TCAs and MAO inhibi-
tors), stimulates the dopaminergic system by selectively blocking
the reuptake of dopamine without affecting serotonergic activity.

Nefazodone. By contrast with some other antidepressants, ne-
fazodone and other SARIs block the reuptake of serotonin, thus
increasing serotonin levels in the synapse but also shielding the se-
rotonin 2A receptors from the action of that increased serotonin.
A large series of well-controlled studies indicated that sexual side
effects are minimal or nonexistent with this drug (Preskorn, 1995;
Feiger et al., 1996; Montejo et al., 2001). A side effect of nefazo-
done is that on occasion it induces spontaneous ejaculation.

Buspirone. This interesting drug was used as an anxiolytic (anx-
iety-relieving drug), with distinct antidepressant effects. It acts as
an agonist of the serotonin 1A receptors, which have been related
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to sexual stimulation in animal models. Indeed, in well-controlled
studies, buspirone was effective in counteracting the negative side
effects on sexual response of other antidepressants (Landen et al.,
1999).

St. Jobn’s Wort. This herb is evidently effective in treating mi-
nor depression (H. L. Kim, Strelzer & Gaebert, 1999). It contains
the active ingredient hyperforin, which increases serotonin levels.
It does not seem to produce overt effects on sexual functioning
(Linde et al., 1996; Muller et al., 1998).



Counteracting Medication
Side Effects

any antipsychotic and, particularly, antidepressant

drugs have adverse effects on sexual response and
orgasm. It is often possible to select medications that have
little or no such side effects. Or, if patients and their doc-
tors find that a drug with unwanted sexual side effects is
the most suitable because of its other, desirable therapeu-
tic effects, several strategies have been proposed to deal
with the accompanying sexual disorders (D. O. Clayton &
Shen, 1998).

A physician may first recommend continuing with the
treatment for a protracted period because, in many cases,
the patient may eventually tolerate the drug or experience
spontaneous remission of the drug-related sexual disorder.
This recommendation is sound for patients taking mono-
amine oxidase (MAO) inhibitors or selective serotonin

I2
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reuptake inhibitors (SSRIs), but not when using tricyclic antide-
pressants (TCAs). The anorgasmia produced by TCAs does not
remit spontaneously.

A different strategy is to reduce the medication dose in the hope
of maintaining therapeutic efficacy while reducing the deleterious
effects on sexual functioning. Another strategy is for the patient,
when sexual activity can be planned, to take a “drug holiday,”
discontinuing treatment two to three days before a sexual interac-
tion. Obviously, this strategy does not work for individuals hav-
ing frequent sexual activity. “Drug holidays” may be particularly
effective with antidepressants that have a relatively short half-life,
such as sertraline, venlafaxine, and fluvoxamine. (The half-life is
the time it takes, after discontinuing treatment, for the level of
drug in the bloodstream to reach half its original concentration, or
for the effect of the drug on some measurable quantity to dimin-
ish by half.) Thus, in one study, stopping sertraline for at least 48
hours reversed orgasm disorder and allowed sexual satisfaction in
8o percent of patients who previously suffered adverse sexual side
effects. This strategy, however, would be inappropriate for a drug
such as fluoxetine, which has a longer half-life of 48 to 72 hours
(Shen, 1997).

In some cases, desirable outcomes are obtained by switching
from one antidepressant to another, usually one of the same class,
as has been reported for TCAs—for example, switching from imip-
ramine to desipramine (Sovner, 1983). A more logical approach
is to change from the antidepressant that is producing orgasmic
disorder to one that is known to lack sexual side effects, such as
nefazodone, mirtazapine, or bupropion. This procedure has been
effective in some cases. Several studies indicate a marked improve-
ment in sexual activity (including orgasm) when nefazodone or
mirtazapine is used to replace another SSRI (Labbate, Croft &
Oleshansky, 2003; Baldwin, 2004).

The decision to switch antidepressants is difficult when a patient
is experiencing a good antidepressive effect but has an undesirable
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sexual response. Numerous studies and clinical trials have been
performed in search of drugs that could counteract the orgasmic
disorder produced by the antidepressants, but few well-controlled
studies have investigated such “pharmacological antidotes.” Nev-
ertheless, the efficacy of some of these “antidotes” is validated by
agreement among case reports.

When the antidepressant interferes with penile erections, silde-
nafil (taken 30 minutes before sexual intercourse) has been reported
to improve erectile function (Ashton & Bennett, 1999; Marks et al.,
1999). Sildenafil is an inhibitor of the enzyme phosphodiesterase-5,
which normally inactivates the second messenger cGMP. The pro-
duction of cGMP is stimulated by nitric oxide, a neurotransmitter
that is released onto the smooth muscle of the penis. Normally,
cGMP relaxes the smooth muscle that surrounds penile arterioles,
thereby increasing the blood flow to the penis and stimulating
erection. By inhibiting phosphodiesterase-5, sildenafil blocks the
breakdown of cGMP and consequently augments its action, relax-
ing smooth muscle and thus promoting erection. This effect might
be indirect, resulting from the psychological benefit obtained from
its desirable peripheral effect of intensifying erection.

Another drug, yohimbine, counteracts sexual disorder by act-
ing on both the peripheral and the central nervous system. Ini-
tially, this alpha-2-adrenergic antagonist was used to treat erectile
dysfunction. Subsequently, it was found to improve arousal and
orgasm (Hollander & McCarley, 19925 Jacobsen, 1992). Yohim-
bine acts by blocking the autoreceptor for norepinephrine, which
disinhibits the release of norepinephrine from the neuron, thereby
increasing its level in the synapse. This has the effect of facilitating
orgasm in women and men. Yohimbine functions in this way when
given two to four hours before sexual activity.

As there is good evidence supporting a role of serotonin 2A re-
ceptors in delay of orgasm and in anorgasmia, the effect of agents
that block these receptors has been tested. Thus, nefazodone, mi-
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anserin, and mirtazapine, with antidepressant effects by themselves,
relieve orgasmic disorder caused by concurrent treatment with SS-
RIs or the antidepressant venlafaxine (Aizenberg, Gur, et al., 1997;
Reynolds, 1997). Reversal of the anorgasmia induced by the antide-
pressant sertraline has also been reported with the antidepressant
nefazodone, taken one hour before sexual intercourse (Reynolds,
1997). Moreover, cyproheptadine, an antihistamine with power-
ful serotonin 2A antagonism, restores normal orgasm and reverses
other sexual side effects caused by MAO inhibitors, TCAs, and SS-
RIs, when taken before sexual activity (Arnott & Nutt, 1994; Wood-
rum & Brown, 1998).

It is evidently the serotonin 1A receptor that mediates the stimu-
latory effect of serotonin on sexual response. This property makes
the serotonin 1A receptor a possible target for drugs aimed at cor-
recting medication-induced sexual disorders. One of these drugs is
buspirone, the anxiolytic that acts as an agonist at the serotonin 1A
receptor. Buspirone has been found to reverse the negative effects
of antidepressants on both libido and orgasm (Norden, 1994). Al-
though buspirone also affects other neurotransmitter systems, its
main effect seems to be mediated through the serotonergic system.

The other well-established mechanism related to the anorgasmia
produced by antipsychotics and antidepressants is inhibition of, or
a decrease in, dopaminergic action. Postsynaptic D2 receptors in
the limbic system (prefrontal cortex, cingulate gyrus, and nucleus
accumbens) participate in the production of orgasm.

Bupropion is an antidepressant that lacks serotonergic activity
and does not induce sexual disorders (Montejo et al., 2001). On
the contrary, some case reports suggest that it could be stimula-
tory for orgasm (Segraves et al., 2004) and ejaculation. Bupropion,
particularly its hydroxylated metabolite, is a reuptake inhibitor of
both noradrenaline and dopamine, and this effect is responsible for
its antidepressant action. Its dopaminergic activity is most likely
responsible for its stimulatory effect on sexual response. Bupro-
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pion, chronically administered, is effective in improving the sexual
phases of desire, arousal, and orgasm (for reviews, see J. M. Fergu-
son, 2001; A. H. Clayton et al., 2003). Other dopaminergic agents,
such as amantadine, have also been reported to counteract the un-
desirable sexual side effects of the antidepressants.



Recreational Stimulant Drugs

and Orgasm

he extensive and persistent use (and abuse) of “recre-

ational” drugs for enhancing sexual response demon-
strates the widespread belief that these substances are effec-
tive for this purpose. Researchers have studied the effects of
many of these drugs on orgasm, and the results shed light
not only on the experiences for drug users but also on the
nature of orgasm. Here, we review the major recreational
drugs and what is known of their effects on orgasm.

Marijuana

Marijuana is obtained from the plant Cannabis sativa.
Marijuana and alcohol (a depressant) are the most widely
used recreational drugs. A mild hallucinogen in the doses
usually consumed, marijuana is smoked to deliver its ac-
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tive components to the brain. The most important cannabinoid
in marijuana is delta-9-tetrahydrocannabinol (THC). In mild dos-
ages it tends to produce a sense of well-being, a loosening of social
tensions, and a feeling of achieving special insight. Its acute effect
on sexual response varies considerably depending on the smoker’s
personality and experience, the social context in which the drug
is taken, and the prior expectations about its effect. A substantial
proportion of persons claim that marijuana enhances and enriches
their sexual experience. Marijuana users report more intense, pro-
longed, and rewarding orgasms than those experienced without
the drug. Users report an increased awareness of peripheral activ-
ity such as muscular contractions in the genital area during orgasm
(Kaplan, 1974). Other users report that marijuana delays orgasm
and that when it occurs, it feels highly pleasurable.

By contrast with these mostly anecdotal reports, there are re-
search data indicating that chronic users of marijuana often have
orgasmic disorders. In a recent analysis of sexual disorders result-
ing from drug use in a sample of 3,004 adult men and women,
neither marijuana nor alcohol decreased libido, but their use was
clearly associated with anorgasmia (Johnson, Phelps & Cottler,
2004). This effect on sexual activity may be the direct result of the
“amotivational syndrome” described by frequent users and char-
acterized by a generally reduced drive, a condition that most likely
impairs daily life activity, including sexual activity.

Ecstasy (MDMA)

Known by the common name Ecstasy, MDMA (3,4-methylene-
dioxymethamphetamine) is a derivative of amphetamines, but it
produces subjective and physiological effects different from those
of the amphetamines. It exerts potent effects on social and sexual
response. According to recreational users, it tends to increase so-
ciability and generates a positive mood, effects that favor sexual
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interactions. Some recent studies (e.g., Zemishlany, Aizenberg &
Weizman, 2001) designed to test Ecstasy’s reputed aphrodisiac ef-
fect found that libido was moderately to greatly increased in more
than 9o percent of women and men using the drug. However, pe-
nile erection was impaired in 40 percent of the men. Orgasm was
usually delayed but perceived as more intense and of a richer qual-
ity than without the drug. The mechanisms through which Ecstasy
produces these effects are not well understood.

Poppers (Amyl Nitrite)

Amyl nitrite is a highly volatile liquid that is used medically to
relieve the discomfort or pain of angina pectoris (cardiac-related
chest pain). This effect is achieved by its rapid, potent vasodilator
action. Medicinal preparations are sold in small, single-use glass
ampules. In order to inhale the contents, the user breaks open the
ampule, producing a slight popping sound. Users of amyl nitrite
claim that when it is “popped” at the beginning of orgasm it in-
creases orgasmic intensity. The main mechanism underlying this
effect is vasodilation of the genital area, a process that can inten-
sify erection and thereby enhance sensation. The precipitous and
marked drop in blood pressure produced by the inhalation of amyl
nitrite probably also produces a sudden and direct arousing effect
in the brain, which in the sexual context may intensify perceptions.
People using amyl nitrite must be warned not to use it with silde-
nafil, because of the synergistic hypotensive (blood pressure—low-
ering) effect.

Amphetamines and Cocaine

Psychostimulants, particularly the amphetamines, were widely
used in medical practice until the late twentieth century. At present
they are used medically only as anorexiants (for weight reduction),
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and some derivatives, such as dextroamphetamine (Dexedrine),
are used for treatment of attention-deficit hyperactivity syndrome
and narcolepsy.

Psychostimulants are widely used as recreational drugs. Cocaine
is a potent stimulant that increases stamina (an effect for which
Sigmund Freud used himself as a research subject) (Chiriac, 2004).
Cocaine is described as producing a sense of mental acuity and
a state of euphoria—qualities that are highly rewarding and the
basis for its abuse. Amphetamines have mental effects similar to
those of cocaine, although the state of euphoria is less intense. Both
cocaine and amphetamines act primarily by increasing dopami-
nergic activity; cocaine inhibits dopamine reuptake, whereas am-
phetamine initially stimulates release of the neurotransmitter and
secondarily inhibits its reuptake. Acute intravenous administration
of cocaine induces a highly pleasurable feeling (“rush”) that some
individuals equate with sexual orgasm. Both cocaine and amphet-
amine administered before sexual intercourse are reported to fa-
cilitate orgasm and enhance the quality of this experience (N. S.
Miller & Gold, 1988; Kall, 1992). Kall (1992) studied 29 young
men who used amphetamine more than once a week for at least
six months. Twenty-seven of these individuals experienced sexual
activity while using amphetamine; of these, 21 reported intensi-
fied orgasms and 23 reported that the drug prolonged intercourse.
Chronic use of cocaine or amphetamines, however, induces sexual
disorders and anorgasmia in a high proportion of addicts. It often
produces symptoms similar to paranoid schizophrenia.

Nicotine

The effects of cigarette smoking or nicotine itself on sexual re-
sponse and orgasm have not been systematically researched, prob-
ably because nicotine does not seem to have a prominent effect.
This lack of effect is surprising considering nicotine’s potent ability
to mimic the action of the neurotransmitter acetylcholine. An early
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study of women by Fischer (1973) failed to find a clear effect of
smoking on most of the parameters of sexual response that were
analyzed. A curious exception was a significant positive correla-
tion between the number of cigarettes smoked and women’s re-
ported intensity of orgasm, possibly involving a rewarding effect
of dopaminergic stimulation.



Depressant Drugs and Orgasm

large variety of drugs that produce depression of brain

activity are used for medical purposes or recreation-
ally. Practically all of the depressant drugs influence human
sexual response, although some discrepancy exists as to the
nature of their effects, particularly depending on the dose,
the frequency with which they are taken, and the social
context in which they are used.

Depressant drugs can be categorized into two families:
one interacting with the GABA-A receptor (stimulating an
increase in GABAergic activity) and the other acting on
opiate receptors that are normally activated by endogenous
opioid neuropeptides such as enkephalins, endorphins, or
dynorphin. GABA (an acronym for gamma-aminobutyric
acid) is perhaps the most prevalent inhibitory neurotrans-
mitter in the nervous system. It has been estimated that
GABA is present in 30 to 40 percent of the synapses in
the central nervous system (Best, 1990). An inhibitory neu-
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rotransmitter reduces, rather than stimulates, the activity of the
neurons with which it interacts.

Alcohol

Alcohol is a drug with extremely complicated effects. Surprisingly,
although alcohol was probably the first psychotropic used by hu-
mans and is the most widely used and abused recreational drug,
its pharmacology is still poorly understood. Undoubtedly it affects
many neurotransmitter systems (including receptors and enzymes)
and has nonspecific effects at the neuronal membrane level. But
some data suggest that alcohol acts as a type of modulator of the
GABA-A receptor, thereby enhancing the inhibitory activity of this
neurotransmitter. In addition, alcohol reduces the effect of a dif-
ferent, excitatory neurotransmitter—glutamate—which acts on
another type of receptor: the NMDA (N-methyl-D-aspartate) re-
ceptor. Therefore, alcohol not only increases neuronal inhibition
through the GABA-A receptor but also reduces excitation through
the NMDA receptor—a dual depressive action.

Folklore and popular belief have ascribed to alcohol an aph-
rodisiac effect. However, alcohol is a potent central nervous sys-
tem depressant, which when ingested before a sexual interaction,
even in moderate amounts, interferes with penile erection (Wilson,
1981). Its reputation as an aphrodisiac is based on the fact that it
initially reduces anxiety and may disrupt sociocultural inhibitions,
thus disinhibiting, releasing, and transiently increasing libido. As
the effect of alcohol progresses, however, the imbibing individ-
ual tends to become incapacitated for sexual performance (D. E.
Smith, Wasson & Apter-Marsh, 1984; N. S. Miller & Gold, 1988).
Its effects on sexual response are well summarized by Shakespeare:
“it provokes the desire, but it takes away the performance.”

A recent study on a large epidemiological sample revealed that
in men, when alcohol users were able to engage in sexual inter-
course, orgasm was delayed or inhibited (Johnson, Phelps & Cottler,
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2004). In women, daily alcohol intake was directly (positively)
correlated with the amount of genital stimulation required to
experience orgasm (Fischer, 1973). A different study found that
in moderate amounts, alcohol can facilitate all phases of sexual
response in women, including orgasm; however, alcohol only in-
creased the women’s subjective level of sexual arousal (Malatesta
et al., 1982).

It seems reasonable that alcohol ingestion before sexual inter-
course has been recommended as a treatment for premature ejacu-
lation. However, to our knowledge, no well-designed study to vali-
date the use of alcohol to treat this problem has been reported.

Tranquilizers (Anxiolytics)

By contrast with alcohol, the mechanism of action of the benzodi-
azepine tranquilizers is well established. These drugs act as positive
modulators of GABAergic activity by binding to a specific (benzo-
diazepine) site on the GABA-A receptor. This interaction increases
the passage of chloride (Cl7) ions through a chloride channel,
which “hyperpolarizes” and thus inhibits the receptive neurons.
This inhibition is responsible for the anxiolytic, anticonvulsant,
and sedative effects of the benzodiazepines. These effects are re-
lated to a state of tranquility that leads some persons to abuse these
drugs. As could be expected from their anxiolytic effect, low doses
of benzodiazepines may facilitate social and sexual interactions in
anxious individuals, even increasing their libido (Fava & Borof-
sky, 1991). Some studies (e.g., Matsuhashi et al., 1984) found that
benzodiazepam ameliorated psychogenic erectile dysfunction, im-
proving not only erectile function but also sexual satisfaction. This
disinhibitory effect exerted by benzodiazepines has been reported
in both men and women and may have facilitated sexual assaults
(“date rape”) under the effect of benzodiazepines: “Perpetrators
choose these drugs because they act rapidly, produce disinhibition
and relaxation of voluntary muscles, and cause the victim to have
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lasting anterograde amnesia for events that occur under the influ-
ence of the drug” (R. H. Schwartz, Milteer & Le Beau, 2000).
By contrast, the high therapeutic dosages used to treat anxiety or
panic disorders consistently depress sexual activity. In a study of
patients with bipolar disorder (previously known as manic depres-
sion) who were being treated with both lithium and benzodiaz-
epines, half reported difficulties in sexual functioning, including
anorgasmia (Ghadirian, Annable & Belanger, 1992), a complaint
not found with lithium treatment alone.

A similar picture emerges from case reports related to the use of
another class of tranquilizers, the barbiturates. These drugs were
used as sedatives and anxiolytic agents before benzodiazepines
were introduced into medical practice. Their main property is se-
dation and, in adequate dosages, anesthesia. Not surprisingly, bar-
biturates induce sexual disorders and anorgasmia. The GABA-A
receptor also contains a ligand site that is specific for barbiturates,
which exert their sedating effect (at least partially) by enhancing
GABAergic activity. An increase in GABAergic activity by positive
modulators of the GABA-A receptor is apparently accompanied by
inhibition of sexual activity in both men and women. Thus, admin-
istration of gabapentin was reported to produce anorgasmia in a
male subject (Brannon & Rolland, 2000).

Opiates

Research on opiates was initially related to the attempt to develop
potent analgesics (pain suppressants) without addictive properties.
More recently the main focus of research has been on opiates’ abuse
properties. In general, they tend to inhibit sexual response. How-
ever, when the opiate heroin is rapidly administered intravenously,
which produces high drug levels in the brain, a transient, intensely
pleasurable sensation is produced that some individuals describe as
orgasmic (De Leon & Wexler, 1973; Mirin et al., 19805 Seecof &
Tennant, 1986). This orgasm-like experience of the heroin “rush”
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may be produced by stimulation of the ventral tegmental area of
the brain, a region containing dopaminergic neurons that project
to the “reward centers” of the limbic area, including the nucleus
accumbens. PET (positron emission tomography) studies found
that the ventral tegmental area was activated in men during ejacu-
lation (Holstege et al., 2003), and fMRI (functional magnetic reso-
nance imaging) studies showed the nucleus accumbens area to be
activated in women during orgasm (Komisaruk, Whipple, Craw-
ford, et al., 2002, 2004). Since this dopaminergic brain system is
activated both by opiate drugs and by orgasm in men and women,
this parallel could help explain the intensely reinforcing nature of
both orgasm and heroin in men and women. It is likely, however,
that the addictive craving for opiates is due to a mechanism other
than the acute orgasm-like effect.

In William Burroughs’s classic novel Naked Lunch (1959), Dr.
Benway comments on this topic: “If all pleasure is relief from ten-
sion, junk [heroin] affords relief from the whole life process, in
disconnecting the hypothalamus, which is the center of psychic
energy and libido. Some of my learned colleagues (nameless ass-
holes) have suggested that junk derives its euphoric effect from
direct stimulation of the orgasm center. It seems more probable
that junk dampens the whole cycle of tension, discharge and rest.
Orgasm has no function in the junky.” Indeed, chronic use of opi-
ates (e.g., morphine, heroin, methadone) impairs all phases of sex-
ual response. These effects are largely due to the inhibitory effect
of opiates on the brain and its control over the pituitary-gonadal
axis (Mirin et al., 1980; Pfaus & Gorzalka, 1987). Thus, heroin
acutely suppresses secretion of luteinizing hormone from the pitu-
itary gland, which decreases testosterone secretion by the testes,
which in turn may eventually decrease sexual activity.

A similar inhibitory effect on sexual response, including orgasm
frequency, also occurs in women and men receiving methadone as
a treatment for opiate dependence (Crowley & Simpson, 1978).
Conversely, during withdrawal from opiates, there are reports of a



DEPRESSANT DRUGS AND ORGASM 155§

rapid and intense increase in libido “with a vengeance” (Erowid,
2005).

Recently, buprenorphine has been introduced for the pharmaco-
therapy of opiate dependence. This drug, in contrast to methadone
and other opiates, does not decrease testosterone levels and is less
frequently associated with negative sexual side effects (Bliesener et
al., 2005).



Herbal Therapies

Given the long history of the search for substances ca-
pable of stimulating libido, enhancing orgasm, or in-
creasing sexual satisfaction, there is now a long list of herbs
that are alleged to possess such properties. In Rowland and
Tai’s review (2003) of plant-derived and herbal approaches
to the treatment of “sexual disorders,” they found very few
products that have been tested in humans in double-blind,
placebo-controlled studies. However, a few herbs consid-
ered in folklore to be aphrodisiacs have been found, in ob-
jective studies, to have positive effects on some phases of
sexual response.

Herbal products do not require a prescription, are not
regulated by food and drug agencies in many countries, are
easy to obtain, and in some cases are relatively inexpensive
compared with prescription medications. We review only
those herbal products that have been tested in humans in
double-blind, placebo-controlled studies.
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Yohimbine

Yohimbine, derived from the bark of the African yohimbe tree, has
had a reputation since antiquity as a remedy for erectile problems.
It was one of the first substances to be tested for the treatment of
erectile dysfunction (ED). Yohimbine is an alpha-2-adrenergic an-
tagonist that affects both the central and peripheral nervous sys-
tems. Its pro-erectile effects are believed to be due, in part, to the
inhibition of adrenergic receptors innervating genital tissue (Row-
land & Tai, 2003). In a double-blind, placebo-controlled study,
about 20 percent of men experienced strong positive effects on
erection and 40 percent reported partial improvements with 15 to
30 mg/day of yohimbine (Morales et al., 1987; Rowland, Kallan
& Slob, 1997). For women, the results are not as clear, with pos-
sible positive effects counteracting antidepressant-induced anor-
gasmia (Segraves, 1995). Yohimbine also disinhibits norepineph-
rine release, resulting in an “aphrodisiac” effect (E. Hollander &
McCarley, 1992). The side effects of yohimbine include headache,
sweating, agitation, hypertension, and sleeplessness. Its use is con-
traindicated for women and men who have certain cardiovascu-
lar, neurological, and psychological problems (Rowland & Tai,
2003).

Ginkgo Biloba

There is some evidence that extracts from the leaves of the Ginkgo
biloba tree (also known as the maidenhair tree) have a significant
effect on stimulating sexual response. Extracts of its dried leaves
are available over-the-counter in many countries. Ginkgo biloba
exerts vasodilating effects through two mechanisms: generation of
nitric oxide and inhibition of platelet-activating factor. Several an-
ecdotal and case reports suggest that ginkgo can facilitate sexual
arousal in men and women. Ginkgo extracts have also been tested
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for their capacity to counteract the impairment of sexual response
produced by a variety of antidepressants, including selective se-
rotonin reuptake inhibitors (SSRIs), monoamine oxidase (MAO)
inhibitors, and tricyclic antidepressants (TCAs) (Cohen & Bartlik,
1998). In that study, ginkgo was found to improve sexual func-
tion in 84 percent of the cases, more women responding favorably
(91%) than men (76%). The beneficial effect of ginkgo was noted
on libido, arousal, and orgasm.

Ginkgo extracts contain many potentially active agents, includ-
ing flavonoids, glycosides, biflavones, and terpenlactones, that
probably affect multiple neurotransmitters in the nervous system
and could also be the basis for ginkgo’s reputed beneficial effects
on cognitive functions and memory. Its action on sexual arousal
in men is most likely exerted through relaxation of the vascular
smooth muscle of the corpora cavernosa, which increases blood
flow into the penis. Therefore, to some extent, the ultimate effect
of ginkgo, although not its mechanism of action, is comparable to
that of sildenafil (Viagra). It is not clear how ginkgo affects women
and their orgasms. While more comprehensive and well-controlled
studies are required, it seems that ginkgo may be one of the few
herbs that have aphrodisiac properties.

It must be noted that because of its “blood-thinning” effect,
ginkgo is contraindicated for people taking anticoagulants such
as heparin or warfarin (Coumadin), or anticoagulant medications
such as aspirin or other nonsteroidal anti-inflammatory drugs. It
also can interact adversely with some MAO inhibitors. People tak-
ing these medications should check the contents of mixed nutri-
tional supplements for the presence of ginkgo.

Ginseng

Another ancient reputed aphrodisiac that has been validated by
recent research is ginseng (Spinella, 2001). The term ginseng cov-
ers several related species of plants belonging to the genus Panax.
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In addition to its reputation as an aphrodisiac, ginseng is also con-
sidered to be an “adaptogen,” an agent that increases psychologi-
cal and biological adaptation and resistance to stress (Sirpurapu
et al., 2005). Ginseng contains steroids, saponins, and “ginsen-
osides.” These components can affect acetylcholine, GABA, the
monoamines, nitric oxide, and opioids. The clearest effect on sex-
ual response is on sexual arousal, including penile erection via the
nitric oxide pathway. Ginseng is more effective than trazodone for
the treatment of certain sexual disorders, such as ED; the overall
therapeutic efficacy for men with ED was found to be 6o percent
for ginseng and 30 percent for trazodone (Choi & Seong, 1995).

ArginMax

ArginMax is sold as a nutritional supplement. The supplement for
men contains Korean ginseng, American ginseng, ginkgo biloba,
L-arginine (an amino acid), and various vitamins and minerals.
The first, pilot study on the effects of ArginMax in men was an
open-label study (i.e., both investigators and subjects receiving Ar-
ginMax knew they were receiving this supplement rather than a
placebo) of 21 men with mild to moderate ED (Ito et al., 1998).
The men were evaluated over a four-week period while taking the
supplement. The results, based on a sexual function questionnaire,
demonstrated an 89 percent increase in the ability to maintain an
erection during intercourse, a 75 percent increase in satisfaction
with overall sex life, and a 20 percent increase in number of or-
gasms. The only side effect was headache in 5 percent.

A subsequent randomized, double-blind, placebo-controlled
study (i.e. neither the persons administering nor the subjects ran-
domly selected to take ArginMax or placebo knew which they
were receiving) included 52 participants with mild to severe ED
(Ito & Kawahara, 2006). After four weeks, 84 percent of the sub-
jects receiving ArginMax improved in their ability to maintain an
erection during intercourse, compared with 24 percent in the pla-
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cebo group; 8o percent reported improved satisfaction with overall
sex life, compared with 20 percent for the placebo; and 36 percent
reported an increase in orgasmic function, compared with 24 per-
cent for placebo.

ArginMax for women is sold as a nutritional supplement that
contains L-arginine, Korean ginseng, ginkgo biloba, various vita-
mins and minerals, and damiana (a progesterone-like substance
derived from the plant Turnera diffusa). A double-blind, placebo-
controlled study was conducted with 77 women; 34 received Ar-
ginMax and 43 received a placebo. After four weeks, 74 percent of
the women who were taking ArginMax reported improved satis-
faction with their overall sex life, compared with 37 percent in the
placebo group. Significant improvements in the ArginMax treat-
ment group were also reported in sexual desire, reduction of vagi-
nal dryness, frequency of sexual intercourse, and orgasm. No side
effects were noted in either group (Ito, Trant & Polan, 20071).

Zestra for Women

Many products are available over-the-counter for use as a lubri-
cant to enhance sexual pleasure for women. Only one of these
products, Zestra for Women, has been studied and the findings
reported in a peer-reviewed journal. Zestra for Women is a natural
botanical oil sold for the purpose of enhancing female sexual plea-
sure and arousal. It is applied directly to the vulva. Zestra contains
borage seed oil, evening primrose oil, Angelica root extract, Coleus
forskohlii extract, ascorbyl palmitate, and dl-alpha-tocopherol. A
randomized, double-blind, placebo-controlled, cross-over study
was conducted to evaluate the efficacy and safety of this product
(D. M. Ferguson et al., 2003). (A cross-over experimental design
involves administering the presumed active substance to one group
and placebo to the other group, and then, after a period of time
sufficient to assess the effects, reversing the treatments of the two
groups and again affording sufficient time to assess the effects.
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Consequently, over the entire course of the study, all participants
receive both the presumed active substance and the placebo, al-
though in a different sequence.) Ten women diagnosed with female
sexual arousal disorder and ten women who did not have this diag-
nosis comprised the study population. The sexual arousal disorder
group showed a significantly increased frequency of orgasm. All
other variables tested—levels of desire and sexual arousal, satisfac-
tion with level of sexual arousal, genital sensation, sexual pleasure,
and enhancement of sexual experiences—showed some improve-
ment with Zestra. Three of the women reported a single incident of
mild genital burning sensations lasting five to thirty minutes after
use of Zestra.

In addition to the herbal products described above, Muira puama
extract, saw palmetto, Tribulus terrestris extract, and maca have
also been associated with sexual function, but these have not been
studied systematically in adequately sized populations of men and
women (Rowland & Tai, 2003).

As a general precaution, health care providers and the general
public should not recommend or use sexual health products unless
they have been shown to be safe and effective in adequately con-
trolled human clinical trials. Women are advised not to use prod-
ucts tested only in men, and vice versa.



Hormones and Orgasm

Il reproductive processes, including sexual behavior

and orgasm, are strongly influenced by the action of
hormones on the central nervous system. Reciprocally, the
central nervous system controls the endocrine glands that
produce those hormones (Ferin, 1983). Several hormones
of different chemical classes (proteins, peptides, and ste-
roids) regulate the various phases of sexual behavior in
mammals, including humans.

Sexual behavior depends on the coordinated functioning
of a chain of hormones produced by the brain-pituitary-
gonadal axis (McCann & Ojeda, 1996). In describing this
brain-pituitary-gonadal axis, we select as an entry point
the small neurons in the brain, mainly in the hypothalamus
(Schally, 1978). The axon terminals of these neurons do
not end in typical synapses.

Typical synapses are the functional microscopic gaps at
which a neuron releases its neurotransmitter, which then
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stimulates or inhibits an adjacent neuron. By contrast, in the brain-
pituitary-gonadal axis, the neuronal axon terminals end on a spe-
cialized net of blood capillaries, termed a “portal system,” at the
site where the pituitary gland is attached to the base of the brain.
This is an unusual type of blood vessel because it has a capillary
bed at both ends—one end in the brain, in connection with the
neuron terminals, and the other end a very short distance away, in
the anterior pituitary gland, in direct proximity with the cells that
secrete pituitary hormones. Almost all other blood vessels—arter-
ies and veins—have a capillary bed at only one end of the vessel,
where it delivers blood to or removes blood from the vicinity of in-
dividual body cells. The other end of the vessel connects ultimately
to the output or input of the heart, in the form of an open-pipe-like
structure, not a capillary bed.

The unique function of the portal system between the brain and
the anterior pituitary is to accept the neurochemicals released by
the neuron terminals into the capillary bed in the hypothalamus
and transport (hence portal) them the very short distance (millime-
ters), directly and precisely, to individual pituitary gland cells via
the capillary bed in the gland. Thus, this hypothalamo-pituitary
portal system is an ultra-efficient structure for directly and pre-
cisely conveying extraordinarily small quantities of highly specific
neurochemicals to the relatively few pituitary gland cells that use
them, with the neurochemicals in highly concentrated—because
highly localized—amounts, avoiding dilution to ineffectual levels
by the whole-body bloodstream.

Certain of the neurochemicals released into this portal system by
the specialized hypothalamic neurons are decapeptides, molecules
with a structure like that of a charm bracelet, consisting of ten
amino acids (each a “charm”). Gonadotropin-releasing hormone
(GnRH) is a decapeptide synthesized in hypothalamic neurons
and transported to the anterior pituitary gland. There, the GnRH
stimulates specific pituitary cells to secrete two hormones known
as “gonadotropins”: follicle stimulating hormone (FSH) and lu-
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teinizing hormone (LH). Their function is to stimulate the gonads
(testes and ovaries) to develop the gametes (spermatozoa and ova)
and produce the sex steroid hormones. LH controls the synthe-
sis and release into the blood of the hormones produced by the
ovaries and testes, including estrogens, androgens, and progestins
(there are several chemically related hormones of each type—e.g.,
estradiol, estriol, and estrone are estrogens—which have slightly
different chemical structures and different potencies). These ste-
roids are produced not only by the gonads but also by the adrenal
cortex and even by brain tissue (in which case they are termed
“neurosteroids”). Although it is commonly thought that women
preferentially produce estrogens and men androgens, both types
of sex steroids are produced by both sexes.

Hormones act through different cellular mechanisms, all of them
involving a specific receptor (Mendelson, 1996). Some hormones
(e.g., GnRH) act through receptors located on the cell membrane.
The receptors typically deliver the hormone message to the interior
of the cell via second messengers—for example, cyclic adenosine
monophosphate (cyclic AMP, further abbreviated as cAMP). The
action exerted by these hormones is usually of short latency (i.e.,
takes place after only a short delay) and relatively short duration.
By contrast, steroid hormones (e.g., testosterone) penetrate freely
into the cell and there bind to an intracellular receptor, which first
combines with the hormone and then interacts with the genetic
elements (the genome) of the cell to activate specific regions of
DNA in the process termed “transcription.” Transcription pro-
duces messenger RNA (mRNA), which then proceeds to synthesize
specific proteins—the enzymes, receptors, transporters, and struc-
tural proteins that are the active elements and building blocks of
the various cellular structures.

This so-called genomic action of steroid hormones takes many
minutes to develop just the first step—protein synthesis. The overt
response to steroid hormones (e.g., the growth of an organ) can
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take several days before it can be detected. Thus, testosterone ad-
ministration restores sexual behavior or induces prostate growth
in castrated male animals, but with a normal latency of several
days.

Orgasm in humans, either the peripheral (i.e., involuntary vis-
ceral and voluntary muscular) component or the conscious experi-
ence, is a relatively brief event, averaging at most about 2 5 seconds
in men and 17 seconds in women (Bohlen, Held & Sanderson,
1980; Bohlen et al., 1982; Carmichael, Warburton, et al., 1994;
Mah & Binik, 2001). Both components of orgasm result from a
brief activation of neural circuits, resulting from the excitation and
inhibition of different groups of neurons through a variety of neu-
rotransmitters, including dopamine, serotonin, and noradrenaline.
It is clear that gonadal steroids, which act with long latencies, do
not directly participate in the production of orgasm. Yet, an insuf-
ficient production of sex steroids (as in some pathological condi-
tions or following surgical removal of the testes or ovaries) often
results in anorgasmia and a decrease in libido in both sexes.

Sex Steroids in Males

Evidence of the importance of the gonads for sexual behavior is
one of the most ancient biological observations. Castration of do-
mestic animals was performed in ancient times and the behavioral
effects of this operation were noted. Reference to human castra-
tion exists in Egyptian texts, and the use of this operation as pun-
ishment was established in Assyrian law as early as 1500 BC. A
clear relationship between sexual desire and the presence of the
testes was well-recognized in antiquity, as evidenced by the teach-
ings of Valerius, an African Christian philosopher who advocated
that the only safe way to achieve chastity was by castration—a
common practice among his followers. Also known since ancient
times was that some eunuchs retained their ability to engage in
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sexual intercourse. Indeed, in countries east of the Mediterranean,
eunuchs were allowed to marry. And some Roman ladies, as men-
tioned by the satiric poet Juvenal, looked for the sexual favors of
the infertile eunuchs.

Thus, it was recognized that although castration in men tended
to decrease sexual behavior, there was great individual variability
in the effect of the procedure. Factors such as age and previous
sexual experience were recognized as playing a role in the survival
time (i.e., persistence after castration) of libido and the capacity to
experience orgasm.

The effect of castration on the sexual activity of both men and
animals reveals that sexual desire and ejaculation-orgasm are dif-
ferent processes that are most likely integrated at different brain
sites. Ejaculation-orgasm is most critically dependent on testicu-
lar secretions and usually disappears earliest following castration
in animals. One of the first systematic studies on the dissociation
of the various components of sexual behavior was conducted by
Stone (1932) in the rabbit. He noted that ejaculation (or the behav-
ioral pattern associated with ejaculation) disappeared rapidly (in
8 to 53 days) following castration, whereas mounting the female
and performing pelvic thrusting persisted for several months more.
In rats, it is also well established that the capacity for ejaculation
is the first component of sexual behavior to disappear after castra-
tion (Stone, 1938). A large number of reports on primates indicate
that in adult, sexually experienced male rhesus monkeys, castra-
tion produces a gradual decline in sexual behavior. Ejaculation is
the first behavior pattern to decline—after two to four weeks fol-
lowing castration—whereas mounting behavior persists for longer
periods (Michael & Wilson, 1973).

Although the relationship between the testis and sexual behav-
ior was noted thousands of years ago, only much later was the
behavioral change recognized as being linked to the absence of a
substance produced by the testis. Théophile de Bordeau proposed
the concept of “hormones” in the eighteenth century, but the first
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hormone—named “secretin”—was not discovered until the begin-
ning of the twentieth century, by Bayliss and Starling (1902).

The idea that a substance secreted by the testis is essential to
male sexual behavior, as well as to maintaining the physical char-
acteristics of the male, originated from the studies of the German
proto-endocrinologist A. A. Berthold in the mid-nineteenth cen-
tury. This pioneer of endocrinology found that castration of roost-
ers resulted in the atrophy (withering) of those tissues characteris-
tic of the male (e.g., the prominent red crest and wattle of the head
and throat) and in the loss of their behavioral repertoire, such as
aggressiveness and sexual drive toward hens. Transplants of testic-
ular tissue to castrated roosters not only corrected the tissue altera-
tions induced by castration but restored the typical sex behavior. In
1910, E. Steinach extended this observation to mammals when he
reported that if male rats castrated during infancy were implanted
with testicular grafts, they showed normal copulatory behavior in
adulthood (Steinach, 1940).

An intrepid pioneer of this type of studies in men was the nine-
teenth-century French physiologist Brown-Séquard. Based on Ber-
thold’s observation in roosters, he transplanted testicular tissue
from a monkey to his own arm and claimed a positive effect on his
well-being and his sexuality. The idea that testicular grafts could
rejuvenate old or weak men, even to the point of restoring their
sexuality, was championed by the Russian physician Serge Vo-
ronoff. He used testicular grafts from monkeys in his notorious at-
tempts to fight age and sexual decline in some of his male patients.
Although it has been said sarcastically that the only impact of the
Voronoff procedure was to ensure the chastity of the monkeys,
some recipients of the testicular grafts claimed positive effects on
their sexual life. The possibility that testicular grafts could secrete
sufficient amounts of hormone to restore sexual behavior was ini-
tially shown by Thorek (1924), in sexually inactive primates. He
reported that testicular grafts from monkeys restored sexual activ-
ity in castrated individuals of the same species.
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The availability of testosterone (the main androgen secreted by
the testis) some years later led to studies confirming that, as pro-
posed by Steinach (1940), androgens “eroticize” the male brain
and stimulate all components of sexual behavior in a large diversity
of species, including humans. In men, many studies in the first half
of the twentieth century found that treatment with testosterone
or some of its synthetic derivatives (e.g., testosterone propionate,
methyltestosterone) increased or restored sexual response in men
who were castrated or hypogonadal (Beach, 1948). In those stud-
ies, the occurrence or absence of ejaculation-orgasm was rarely
mentioned.

There is no doubt that testosterone facilitates sexual behavior in
men and that it is the main direct factor involved in the initiation of
sexual interest at puberty. However, uncertainties and problems re-
main regarding just how important a role testosterone plays in hu-
man sexuality. For example, there are the intriguing observations
that, in men: (1) testosterone is not essential to sexual response; (2)
there are sources of androgen other than the testes; (3) androgens
can increase sexual behavior above prior levels in eugonadal men
(men with intact, normally functioning gonads); and (4) testoster-
one can be converted to estrogens (by a process termed “aromati-

b

zation,” a type of “biotransformation”), which can, surprisingly,

stimulate masculine sexual behavior.

Extratesticular Androgen and Sexual Behavior

There is some disagreement about the indispensability of testicu-
lar androgen for the expression of sexual behavior in men. This is
based on the observation that some men who have been castrated
still experience sexual response, even culminating in orgasm, many
years after the surgery. Substantial individual variability in the ef-
fect of castration on sexual behavior is also observed in nonhuman
primates. Phoenix (1973) found that five out of ten castrated male
rhesus monkeys still showed penile intromissions one year after the
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operation. Loy (1971) reported that a male rhesus castrated seven
years earlier was still capable of displaying mounts, intromissions,
and the ejaculatory pause (the temporary sexually inactive “refrac-
tory” period immediately after ejaculation). One of the obvious
explanations for these large differences in the retention of sexual
behavior by castrates is significant individual genetic differences in
sensitivity to androgens or other sexual behavior-stimulating hor-
mones in men and other primates. Although eugonadal adult men
show a wide variability in testosterone plasma levels, these varia-
tions are uncorrelated with individual differences in sexual activity
(Schiavi & White, 1976).

Studies in animals have revealed significant individual varia-
tions, probably due to genetic factors, in the amount of androgen
required to maintain or restore copulatory behavior after castra-
tion. Therefore, it is possible that the sexual response that persists
in men after castration is due to low levels of androgens that pre-
sumably can be produced by sources other than the testes (i.e., ex-
tratesticular sources). In addition to the testes, several tissues, both
endocrine and para-endocrine (e.g., skin, liver; para denotes “atyp-
ical”) can produce androgens. For example, the adrenal glands
secrete substantial amounts of androstenedione and, particularly,
dehydroepiandrosterone (DHEA) and its sulfate, all of which are
weaker androgens than testosterone but can restore sexual behav-
ior in castrated males of several species. Thus, in castrated rats,
DHEA can induce all the behavioral components associated with
copulation, including ejaculatory behavior (Beyer, Larsson, et al.,
1973).

It is well established that brain tissue itself can produce “weak”
androgens, including DHEA and its sulfate; thus, these hormones
qualify as “neurosteroids” (Hu et al., 1987). Production of DHEA
by the brain is completely independent of testicular or adrenal
gland androgen secretion. Brain cells can generate high concentra-
tions of this steroid in certain androgen-responsive brain areas.
The role of neurosteroids in sexual behavior is as yet unknown.
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The notion that sexual response in men is independent of an-
drogens has been suggested by some authors who claim that in
the course of evolution, primates and men gradually became in-
dependent of hormonal factors while social and learning factors
acquired more importance as modulators of sexual life. At present,
questions remain open as to whether (1) extratesticular sources of
androgen can play a significant role in maintaining sexual activity
in men after castration, and (2) sexual activity can persist in the
true total absence of androgens.

Testosterone in Hypogonadal Males

The importance of testosterone for the normal stimulation of all
phases of male sexual response is indicated by the many studies
in which this androgen has restored or improved sexual activity
in individuals with weak or no sexual activity due to low plasma
levels of testosterone. A good review of the initial studies, up to
the 1940s, which used testosterone or methyltestosterone treat-
ment to improve sexual response in castrated men, is provided in
the excellent, still valid and valuable book Hormones and Behav-
ior by Frank Beach (1948). Subsequent studies have extended and
confirmed these initial observations. Recent research on androgen
treatment of sexual disorders in men has concentrated on develop-
ing methods to deliver testosterone, comfortably and safely, in an
amount comparable to that produced by the testes and adequate
to restore normal plasma levels of testosterone.

“Old Minds Rejuvenated by Sex Hormones”

A socially significant question is whether androgen treatment is an
effective therapy to ameliorate the symptoms of andropause (or
“male menopause”—an increasingly obsolete term), which is ob-
served in some older men and is characterized by depressed mood,
negative thinking, muscular weakness, and sexual disorders. As
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mentioned above, this problem of age-related hypogonadism was
investigated by Brown-Séquard in the nineteenth century, using his
classical testicular transplant experiment, as well as by the attempts
of Voronoff to rejuvenate elderly men with grafts of monkey tes-
ticles. Steinach and Peczenik (1936) were the first to successfully
use testosterone treatment to restore sexual functions in older men.
At about the same time, N. E. Miller (1938) used the catchy phrase
“old minds rejuvenated by sex hormones” to describe experiments
in which administration of testosterone propionate improved the
sexual activity of older men, whereas placebo injections failed to
do so.

Currently, testosterone therapy is the standard treatment for hy-
pogonadal men who complain of sexual disorders, including anor-
gasmia. Recent research on testosterone replacement therapy has
concentrated on developing methods or formulations to deliver the
androgen comfortably and safely in amounts adequate to restore
normal plasma levels. Intramuscular injections of testosterone es-
ters with prolonged (“depot”) action produced large variations
in testosterone concentration in plasma, and this treatment has
been replaced by transdermal testosterone patches or gels, which
provide a relatively constant release of testosterone into the cir-
culation. Two such formulations—AndroGel (Wang et al., 2004)
and AA2500 (Steidle et al., 2003)—studied in a large number of
hypogonadal patients including elderly men, improved most com-
ponents of sexual response, including sexual motivation, erectile
capacity, and enjoyment with partner. From these studies it is clear
that testosterone corrects some of the symptoms of late-onset hy-
pogonadism, which include reduction in both interest and enjoy-
ment of sex.

However, a controversy arose recently between an expert panel
of the Endocrine Society and an expert panel of the National Insti-
tutes of Health (NIH). The Endocrine Society panel recommended
treatment with the testosterone gel (AndroGel) for men older than
50 years who complain of symptoms of testosterone deficiency.
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The NIH panel recommended caution in the use of the treatment
until more information on the side effects of testosterone treatment
became available. Moreover, the NIH panel emphasized difficulties
in establishing the diagnosis of testosterone deficiency based on
measurement of blood levels of testosterone. This issue has com-
plex implications, including financial, and consequently the con-
troversy is not likely to be resolved soon (Kassirer, 2004).

No reasonable doubt exists about the importance of testosterone
to maintaining sexual response or restoring it in hypogonadal men.
Yet, the capacity of testosterone to be an “aphrodisiac” that could
stimulate supranormal sexual response in healthy, eugonadal men
is unresolved. Some studies have reported that testosterone treat-
ment increases sexual activity and enjoyment in eugonadal men
(Alexander et al., 1997). This conclusion is supported to a cer-
tain extent by studies showing a good correlation between plasma
levels of testosterone or 5-alpha-dihydrotestosterone (DHT) and
the intensity and enjoyment of sexual activity (Fox, Ismail, et al.,
19725 Kraemer et al., 1976; Mantzaros, Georgiadis & Tricho-
poulas, 1995). In a study performed on singers, Nieschlag (1979)
found that basses have higher testosterone levels and greater fre-
quency of ejaculations than tenors. The problematic nature of
these correlational studies is evidenced by the findings of another
study (Kraemer et al., 1976), not on singers, that there was no sig-
nificant correlation between individual testosterone concentration
and orgasmic frequency.

Other studies claim that above a certain androgen level, attained
in most cases by normal testicular secretion, testosterone admin-
istration does not further increase sexual activity or quality of or-
gasm. For example, in a recent double-blind, placebo-controlled
study on the effects of androgen on the sexual response of young
eugonadal men, elevating testosterone and estradiol levels for about
two weeks by administration of a large single dose of testosterone
undecanoate (a long-acting ester of testosterone) failed to produce
a clear effect on sexual activity or mood (O’Connor, Archer &
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Woo, 2004). These observations in humans agree with some, but
not all, findings in rodents and other species showing that high,
supraphysiological doses of testosterone usually do not produce
“hypersexuality.” Rather, it seems that each individual has a char-
acteristic level of sexual activity, most likely resulting from genetic,
cultural, and experiential factors, that cannot be superseded by
administering excessive amounts of testosterone. Some early re-
sults by Beach (1942), however, indicated that very large doses
of androgen in eugonadal rats induced a “hypernormal degree of
sexual aggressiveness combined with a decrease in the specificity
of the stimulus adequate to affect sexual arousal.” “Hypersexual”
behavior has been reported in mice and other species treated with
high dosages of androgen (P. E. Smith & Engle, 1927). Therefore,
it is possible that creating abnormally high levels of plasma tes-
tosterone by administration of the hormone may produce some
changes in the components of sexual behavior in men.

Experience and Responsiveness to Androgen

Analyses of the behavioral effects of androgen treatment in species
including rodents, rabbits, carnivores, cattle, and nonhuman pri-
mates reveal that many factors, in addition to genetic, influence the
behavioral response to these steroids. The effect of prior sexual ex-
perience on sexual behavior is particularly well illustrated in a study
by Rosenblatt and Aronson (1958). They found that persistence
of sexual activity after castration in male cats was positively cor-
related with prior sexual experience. Social factors may also play
an important role in the response to androgens in monkeys. Thus,
in talapoin monkeys, castration abolished almost all sexual activ-
ity when the animals were tested twelve months after the surgery.
Testosterone replacement therapy restored copulatory behavior in
the top-ranking males, but subordinate males that received compa-
rable testosterone treatment failed to copulate, although they were
observed to masturbate to ejaculation (Dixson & Herbert, 1977).



174 THE SCIENCE OF ORGASM

Biotransformation of Testosterone

For many years, testosterone was considered to be the main testic-
ular hormone responsible for maintaining the structure and func-
tion of the male sex organs and accessory organs, including the
prostate and seminal vesicles. However, biochemical studies of the
prostate and seminal vesicles revealed that testosterone alone did
not maintain growth in these structures. Instead, the hormone’s
s-alpha-reduced metabolite, 5-alpha-dihydrotestosterone, was re-
sponsible for the effect. This suggested that in some target organs,
testosterone is just a “prohormone” (a metabolic precursor of the
true active substance that undergoes a biotransformation) and
DHT is the actual active hormone (Bruchovsky & Wilson, 1968).
Testosterone is converted to DHT by the enzyme 5-alpha-reduc-
tase, which acts on a particular portion—known as “ring A”—of
the testosterone molecule and of related androgens (delta-4,3-
keto-androgens) such as androstenedione. There is a widespread
distribution of 5-alpha-reductase in the brain, particularly in areas
of the limbic system, including the hypothalamus, preoptic area,
and amygdala.

The role of s-alpha reduction—the conversion of testosterone
to DHT—in the stimulation of male sexual behavior in mammals
is still unresolved. In some species—for example, rat (Beyer, Vidal
& Mijares, 1970) and rabbit (Beyer & Rivaud, 1973)—DHT has
no stimulatory effect on sexual behavior, suggesting that s-alpha
reduction alone has no significant role in the behavioral action of
testosterone in these animals. By contrast, the effect of DHT on the
sexual behavior of monkeys and men is not clear. Phoenix (1974)
administered DHT in large doses to castrated rhesus monkeys and
found a significant improvement in sexual activity, including ejacu-
lation. But when Michael, Zumpe, and Bonsall (1986) compared
the effect of testosterone propionate and DHT propionate in doses
that restored normal plasma levels in intact male rhesus monkeys,
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they found DHT ineffective in stimulating sexual behavior. In these
monkeys, treatment with higher, supranormal doses of DHT still
failed to restore ejaculatory behavior.

In men 55 to 70 years of age, administration of DHT in the form
of a topical transdermal patch has been reported to improve sev-
eral of the negative traits characterizing late-onset hypogonadism,
such as sexual disorders and loss of energy and muscle mass (De
Lignieres, 1993). This treatment did not affect prostate weight and
had no detectable adverse effect on prostate function, as judged by
serum prostate-specific antigen levels and prostate volume.

Thus, it seems that DHT may stimulate some aspects of sexual
response in men. Further studies are required to determine whether
these effects are produced by DHT alone or in combination with
the estrogens that could also be synthesized by aromatization of
androgens of adrenal or testicular origin in various tissues of the
body.

Testosterone undergoes a second major type of biotransforma-
tion: it is aromatized—and thus converted to an estrogen—through
the action of aromatase enzymes. These enzymes are present in
many tissues, including the brain. The distribution of aromatases
in the brain has been determined in several species including hu-
mans (Naftolin et al., 1975). Aromatase enzymes are located in
brain areas that are involved in sexual behavioral and endocrine
reproductive processes. Although only a small proportion of tes-
tosterone is converted to estradiol (less than 1%), this transforma-
tion is physiologically significant because of the high potency of es-
tradiol in affecting behavior. Aromatization of testosterone seems
to be of major importance in facilitating male sexual behavior, at
least in some species. Thus, blockage of aromatization prevents
the facilitatory effect of testosterone on the sexual behavior of cas-
trated male rats (Morali, Larsson & Beyer, 1977), providing strong
support for this enzymatic process. Curiously, estradiol alone does
not stimulate male sexual behavior in most species studied. In men,
estradiol is known to inhibit libido and produce anorgasmia.
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While neither testosterone per se nor estradiol alone are effec-
tive in stimulating sexual behavior in male rats, administration of
otherwise ineffectively low doses of estradiol in combination with
DHT to castrated male rats elicited intense sexual behavior, includ-
ing the ejaculatory pattern (Larsson, Sodersten & Beyer, 1973).
Results obtained in males of several species—dove, Japanese quail,
sheep, deer, ferret, and rabbit—also support the idea that normal
male sexual behavior depends on the interaction of an androgen
(testosterone or DHT) with an estrogen.

In primates, the role of aromatization in sexual behavior is unre-
solved. Zumpe, Bonsall, and Michael (1993) found that fadrazole,
an aromatase inhibitor that prevents conversion of androgen to es-
trogen, significantly decreased ejaculatory frequency in castrated,
testosterone-treated cynomolgus monkeys. This suggests that tes-
tosterone aromatization is an important process for stimulating
ejaculatory behavior in primates. The role of aromatization in men
is still uncertain, because few systematic studies have been con-
ducted to test this possibility.

Although estrogen antagonists such as clomiphene do not im-
pair sexual activity in men, this antiestrogen was unable to pre-
vent the stimulatory effect of estradiol and DHT in combination
in castrated male rats (Beyer, Morali, et al., 1976). However, some
clinical studies indicate that estrogen can act synergistically with
androgen to stimulate sexual response in men. Carani et al. (2005)
recently reported the case of a man with hypogonadism and low
libido who failed to respond to treatment with either estradiol or
testosterone, but when he received both hormones in combination,
he experienced a great increase in libido and incidence of orgasm.

Antiandrogen Administration to Sex Offenders

There are cases in which a society considers it beneficial to decrease
a man’s sexual activity. Almost a century ago, surgical castration
was used for this purpose, and while this procedure has now been
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replaced by chemical castration, interest in its use for sex offenders
has been reactivated (e.g., Gandhi, Purandare & Lock, 1993).

Drugs that reduce testosterone levels or interfere with the ef-
fects of testosterone (i.e., antiandrogens) have been used for many
years, with variable success, to treat men with sexual compulsive
disorders, particularly some paraphilias (Money, 1970). Men with
such disorders may exhibit sexual responses that are socially and
legally unacceptable. Treatment with medroxyprogesterone ace-
tate (Cordoba & Chapel, 1983), which decreases testicular tes-
tosterone production, or with antiandrogens such as cyproterone
acetate that prevent the action of testosterone on its receptor, de-
creases sexual activity, both appropriate and inappropriate. This
confirms the importance of normal plasma levels of testosterone
for the activity of the neural circuits involved in all phases of sexual
response in men.

More recently, antidepressants and antipsychotics known to in-
duce anorgasmia in men and women have been introduced for the
treatment of undesirable sexual activity in men. Some of these drugs
induce the release of the anterior pituitary hormone prolactin. The
mechanism of action of this inhibition is not clear—whether it is
the effect of the prolactin or of the drug itself (independent of the
prolactin) on the brain.

Sex Steroids in Females

In females of nearly all nonprimate species, ovariectomy (surgical
removal of the ovaries) results in a decrease and eventually a com-
plete loss of sexual behavior. In most primates, including anthro-
poid primates (e.g., rhesus monkey, chimpanzee, talapoin), ovari-
ectomy (in women, referred to as oophorectomy) reduces sexual
behavior, and estradiol treatment restores the behavior, thus sup-
porting the importance of this estrogen in female sexual behavior.
A remarkable exception is the marmoset, which continues display-
ing sexual behavior following ovariectomy (Dixson, 1998).
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Although castration in men usually results in anorgasmia and a
general decline in sexual response, early studies in women tended
to minimize the effect of oophorectomy on sexual response (Dan-
iels & Tauber, 1941; Filler & Drezner, 1944; Heller, Farney & My-
ers, 1944). However, perhaps because of more sophisticated psy-
chological measurement methods, the questions asked, and several
well-controlled studies using hormone therapy, more recent stud-
ies support a significant role of the ovaries in sexual response in
women. Thus, Shifren et al. (2000) reported that the ovaries pro-
vide approximately half the circulating testosterone in premeno-
pausal women. In a study of 75 women who were premenopausal
when they underwent surgical oophorectomy and hysterectomy,
these authors stated: “Despite estrogen therapy, many surgically
postmenopausal women have decreased sexual desire (libido), ac-
tivity, and pleasure and a decreased general sense of well-being.
These symptoms are believed to result from the lack of ovarian
androgen production . . . The scores for thoughts-desire, frequency
of sexual activity, and pleasure-orgasm were lowest at baseline
and increased in a [testosterone| dose-dependent fashion. With
the testosterone dose of 300 micrograms per day, the increases in
scores for frequency of sexual activity and pleasure-orgasm were
significantly greater than those with placebo.” Consistent with
these findings, Braunstein et al. (2005), in a study of 447 healthy
women, reported that “the 300 microgram per day testosterone
patch increased sexual desire and frequency of satisfying sexual ac-
tivity and was well tolerated in women who developed hypoactive
sexual desire disorder after surgical menopause” (i.e., combined
surgical oophorectomy and hysterectomy).

Nathorst-Boos, von Shoultz, and Carlstrom (1993), in a study of
1o1 women who had undergone oophorectomy and hysterectomy,
also found that the women “complained about less pleasure from
coitus, impaired libido and lubrication . . . [however]| estrogens are
of little value in treating these specific sexual dysfunctions.” Fur-
thermore, “roughly one-third of the women experienced impaired
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lubrication at intercourse irrespective of whether . . . [estrogen
therapy] had been administered or not. . . [and] regarding libido

. . almost half of the . . . women experienced a deterioration.”
In further confirmation of the greater effectiveness of testosterone
than estrogen in restoring sexual response after oophorectomy, an-
other study found lower self-reported desire and sexual arousal
in women who received either no hormone treatment or estrogen
only, by contrast with three comparison groups of women who
underwent no surgery, or hysterectomy without oophorectomy, or
oophorectomy plus combined androgen-estrogen therapy (Belle-
rose & Binik, 1993).

It should be noted that sex steroids (estrogens, androgens, pro-
gestins) can be produced, directly or indirectly, by tissues other
than the ovaries and testes. The participation of the adrenal cor-
tex as a source of steroids capable of maintaining sexual response
in women after bilateral oophorectomy has often been suggested.
Indeed, estrogen present in the blood of postmenopausal women,
and women who have undergone bilateral oophorectomy, results
from aromatization of androstenedione to estrone. In various tis-
sues, approximately 1 percent of the androstenedione is converted
to estrone (McDonald, 1971; Schindler, 1975).

Loss of sexual desire and anorgasmia were reported in women
who had undergone both bilateral oophorectomy and bilateral
surgical adrenalectomy (Salmon & Geist, 1943 ). This suggests that
the chemical signals stimulating sexual response originate at least
in part from the adrenal glands (Waxenburg, Drellich & Suther-
land, 1959; Waxenburg et al., 1960). An important caveat is that
the poor health of the women in this study (most having cancer
and/or polycystic ovaries) must be taken into consideration in in-
terpreting the findings.

The role of adrenal androgens in primate female sexual behavior
has been studied either by adrenalectomy or by suppressing adre-
nal secretion by the administration of dexamethasone. Most of
these studies revealed a decline in sexual activity, which could be
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restored by administering testosterone or androstenedione (Everitt
& Herbert, 1971; Everitt, Herbert & Hamer, 1972). After natural
menopause, when androgens are mainly produced by the adrenal
cortex, plasma levels of androgen are positively related with sexual
interest (Leiblum et al., 1983; McCoy & Davidson, 1985).

Menstrual Cycle, Sexual Behavior, and Orgasm

The menstrual cycle is, from an evolutionary point of view, a re-
cent addition to the reproductive biology of mammals. Menstrua-
tion appears consistently only in Old World monkeys, apes, and
women. A few New World monkeys, such as Cebus apella, men-
struate (Nagle & Denari, 1983), but the quantity of blood loss is
much less than in Old World monkeys. Some New World mon-
keys, such as the squirrel monkey, have a clear estrous cycle in
which copulation occurs on a single day, when the female accepts
mounting by the male. On that day, the LH peak occurs and in-
duces ovulation. Although not as closely restricted to the periovu-
latory period (the period around the time of ovulation) as in the
squirrel monkey, other New World monkeys have somewhat lon-
ger periods of sexual activity during which the female shows pro-
ceptivity (behavioral patterns performed by the female, such as
“invitations” to copulate) and sexual receptivity (for a review, see
Dixson, 1998).

The most detailed studies on the relationship between ovarian
hormone levels (estradiol, testosterone, and progesterone) and sex-
ual behavior in primates have been made in the New World mar-
moset (Kendrick & Dixson, 1983). In this species, a clear correla-
tion was found between testosterone levels and proceptivity during
the periovulatory phase. Proceptivity practically disappeared dur-
ing the later, luteal phase, the phase of the reproductive cycle, just
after the ova are released from the ovarian follicles, when the cor-
pora lutea form in the vacated follicles and begin secreting proges-
terone (which stimulates the development of the uterine wall in
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preparation for implantation of fertilized ova). During this phase,
when plasma progesterone levels are high, the females tended to
refuse mounting attempts by the male, but they nevertheless copu-
lated throughout the cycle.

These results contrast with those obtained in the more “primi-
tive” primates—the prosimians, such as lemurs—which restrict their
sexual behavior to the periovulatory period. New World monkeys,
although clearly stimulated to display proceptivity by testosterone
or estradiol, may copulate at other stages of the reproductive cycle.
These findings may be interpreted as an indication that sexual re-
ceptivity in New World monkeys is less dependent on ovarian hor-
mones than in prosimians and, of course, in nonprimate mammals,
which tend to have limited periods of sexual receptivity (or estrus)
that is more rigidly controlled by hormones.

Among the Old World monkeys, catarrhine primates (e.g., Ma-
caca mulatta, rhesus monkeys) copulate more frequently during
the follicular phase of the menstrual cycle (Wallen et al., 1984),
when the ova are growing, but substantial variability exists among
studies performed in the field and in the laboratory. Indeed, ma-
caques can continue copulating during pregnancy, as do the fe-
male anthropoid apes and women. Again, although females copu-
late throughout the menstrual cycle, peaks of sexual activity and
particularly proceptivity occur at the late follicular phase (before
ovulation) and in the periovulatory period (Michael & Welegalla,
1968; Goy & Resko, 1972; Wallen et al., 1984; for a review, see
Dixson, 1998). A similar behavior exists in most of the great apes.
Female chimpanzees mate at any time of the menstrual cycle, but
proceptive behavior occurs mainly during the follicular and peri-
ovulatory phase. It seems that the female great apes will accept
males, particularly vigorous and aggressive ones, during the fol-
licular as well as the luteal phase, but proceptive behavior, which
is considered to be analogous to sexual desire in women, is mainly
restricted to the periovulatory period. An interesting exception is
the gorilla, in which copulation is restricted to two to three days at
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midcycle. During this period, the female is highly proceptive and
shows swelling of the labia of the external genitalia, indicative of
the action of estrogen on those tissues (Nadler, 1975).

As is clear from analyses of sexual activity during the menstrual
cycle, nonreproductive mating occurs not only in humans but in
nonhuman primates. Hormones clearly affect some components of
sexual behavior—such as female attractiveness to males, consisting
of changes in the female external genitalia—that are restricted to
the follicular phase. Similarly, proceptivity also tends to concen-
trate in the periovulatory period. Estradiol and testosterone levels,
which peak at this time, may participate in stimulating procep-
tivity. Although not specifically studied, it is possible that during
this periovulatory period, in which females actively seek copula-
tion, orgasmic responses are more frequent, while during the luteal
phase, in which females do not seek but will engage in copulation,
orgasmic responses are less frequent.

Long before measurement of plasma levels of sex hormones
became possible, it was evident that women engage in sexual in-
tercourse and experience orgasm throughout the menstrual cycle.
Some researchers believe that the highest incidence of sexual activ-
ity occurs around the time of ovulation, when sex steroid secretion
is highest, a situation similar to that in nonhuman primates. How-
ever, there is a lack of consensus among the various investigators
who have studied this issue.

K. B. Davis (1929), in his pioneering study, concluded from an
analysis of 2,200 women that the intensity of sexual desire occurs
in two peaks: one before and another after menstruation. This con-
clusion was shared by Greenblatt (1943), who claimed that some
women become “nymphomaniac” just before menstruation. An
analysis of all studies available on the subject up to 1980 found
that peaks of sexual activity in women have been reported pri-
marily at midcycle (8 studies), premenstrually (17 studies), post-
menstrually (18 studies), and during menstruation (4 studies) (Sch-
reiner-Engel, 1980; Schreiner-Engel, Schiavi, et al., 1981). We can
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draw some conclusions from this seemingly inconsistent picture.
The safest one is that women engage in sexual activity at any stage
of the menstrual cycle and therefore under different hormonal con-
ditions—that is, high or low levels of estradiol and presence or
absence of progesterone.

That endogenous ovarian hormones do not seem to play an
essential (“obligatory”) role in women’s sexual response is also
supported by the observation that at menopause, when levels of
estradiol, progesterone, and testosterone decline, there is no par-
ticularly dramatic effect on sexual activity. Some other nonhor-
monal factors such as health, sexual partner, and mental health
were found to have a “greater impact on women’s sexual function-
ing than menopause status” (Avis et al., 2000; Farrington, 20035).
Moreover, during pregnancy, when plasma progesterone levels are
high, women commonly engage in sexual behavior and experience
orgasm.

A hormonal influence on sexual response in women is suggested
by evidence that both sexual desire and sexual enjoyment, includ-
ing orgasm, occur more frequently during the periovulatory phase
than other phases of the menstrual cycle (Udry & Morris, 1968;
Adams, Gold & Burt, 1978; Bancroft et al., 1983). These changes
are probably related to the peak of plasma androgen levels before
ovulation. In further support of this suggested role of androgen
in women’s sexual response, Persky, Lief, et al. (1978) found a
relation between midcycle testosterone levels and frequency of or-
gasm, and Bancroft et al. (1983) found a similar trend for mastur-
bation.

Estrogens

Estradiol is essential to the display of sexual behavior in female
nonprimate mammals. In some species (cat, rabbit), estrogen alone
facilitates sexual behavior, while in others (rats, mice), combina-
tion with progesterone is obligatory. Therefore, it is surprising that
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estradiol apparently does not play any significant role in women’s
sexual response, including orgasm.

Numerous studies have been conducted in which estradiol or
other estrogens are administered to women, under various con-
ditions: women with bilateral oophorectomy, eugonadal women
who have low sex drive, or women who are anorgasmic. All these
studies agree that there is no consistent effect of estrogen treat-
ment on the various components of sexual response—sexual drive,
sexual dreams, or occurrence and quality of orgasm (Sherwin, Gel-
fand & Brender, 1985; Utian, 1975).

Androgens

Women produce androgens in the ovaries and the adrenal glands,
and these androgens may stimulate several components of sexual
response. The ovary secretes testosterone in varying amounts de-
pending on the stage of the menstrual cycle, with levels being high-
est at the time of ovulation. Several studies have shown that in
premenopausal women there is a significant correlation between
sexual activity, including frequency of orgasms, and plasma levels
of testosterone. Moreover, a large number of studies of premeno-
pausal and postmenopausal women indicate that testosterone ad-
ministration improves all aspects of sexual response (Sherwin,
Gelfand & Brender, 1985; Sherwin & Gelfand, 1987; Sherwin,
1988; Van Goozen et al., 1997). A serious drawback of testoster-
one therapy for sexual disorders in women is its virilizing effect,
such as producing alopecia (baldness), hirsutism (increased body
hair), or unwanted muscular development. Recent studies report
that by carefully adjusting testosterone dosages, these negative side
effects can be avoided. Thus, transdermal (skin patch) application
of low doses of testosterone (150 to 300 micrograms) for women
who had undergone bilateral oophorectomy and hysterectomy and
reported impaired sexual function significantly improved sexual
activity, including pleasurable orgasm (Shifren et al., 2000), with-
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out producing virilization or other undesired side effects. These
women also received “conjugated” estrogen, which, by itself, had
no effect on sexual response.

It is possible that androgens other than testosterone influence
sexual response in women. The adrenal glands secrete high levels
of dehydroepiandrosterone, particularly the sulfate form. A recent
study found that women with low sexual desire, either pre- or
postmenopausal, had consistently lower testosterone and DHEA
levels than women with normal desire (Turna et al., 2005). S. R.
Davis et al. (2005) reported that a low score for sexual responsive-
ness was associated with a low level of DHEA but not with the
levels of testosterone or androstenedione. However, not all women
with low DHEA had low levels of sexual activity.

These nontestosterone steroids are considered to be weak an-
drogens, on the basis that they only weakly stimulate the prostate
gland and seminal vesicles in men and do not induce virilization in
women. However, findings in animals suggest that they may exert
significant effects on brain functions related to cognition and emo-
tionality. Moreover, DHEA can restore sexual behavior in ovari-
ectomized rabbits and rats (Beyer, Vidal & Mijares, 1970). One
study found a significant positive effect of DHEA administration
on the sexual arousal of postmenopausal women (Hackbert, Hei-
man & Meston, 1998). It remains to be determined whether this is
due to a direct effect of DHEA on brain structures related to sexual
behavior or to an indirect effect resulting from the ability of DHEA
to counteract the deteriorating effects of aging on nonbrain tissues.
Administration of DHEA to premenopausal women had no clear
effect on sexual arousal (Meston & Heiman, 2002).

Enzymatic Reduction of Testosterone

In women as in men, testosterone is rapidly metabolized to 5-
alpha-DHT, a more active androgen than testosterone. It is not
known whether such “ring A—reduced” metabolites of testosterone
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are involved in facilitating libido in women. A recent report sup-
porting this possibility describes the case of a woman with life-long
absence of sexual desire. The only abnormality found after a thor-
ough endocrine study was a low level of 5-alpha-DHT. Adminis-
tration of a §-alpha-DHT gel to the woman’s vulva stimulated her
sexual desire and her capacity to be sexually aroused (Riley, 1999).
A similar, much earlier study reported that the application of a dif-
ferent ring A—reduced androgen—androsterone—to the vagina in-
creased sexual desire in sexually hypoactive women (A. S. Parkes,
personal communication).

Several studies indicate that estrogen administration augments
the positive effects of testosterone (A. Davis et al., 2003; Bach-
mann & Leiblum, 2004). Sarrel (1999) concluded that hormone
therapy with estrogen plus androgen provides a greater improve-
ment in both psychological (depression, fatigue) and sexual (de-
creased libido, anorgasmia) symptoms than does estrogen alone
for surgically and naturally menopausal women. Moreover, in
women with surgically induced menopause, the combined admin-
istration of androgen and estrogen effectively restored their previ-
ous levels of sexual desire, a response not shown by treatment with
estrogen alone. These findings suggest that testosterone and estra-
diol can act synergistically to facilitate orgasm and other aspects of
women’s sexual response, as has also been found in some animal
species.

Progesterone

Progesterone is the sex hormone secreted in largest amounts by the
ovaries, particularly during the luteal phase of the menstrual cycle.
It is also secreted in substantial amounts by the adrenal glands, in
both women and men. Early studies analyzed various characteris-
tics of women’s mood and behavior in relation to plasma levels of
progesterone. There is evidence that the negative mood changes
observed in the premenstrual period in some women (“premen-
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strual syndrome”) are related to a decline in plasma levels of pro-
gestins at that phase of the menstrual cycle.

In nearly all mammals, progesterone has an important role in
the modulation of sexual behavior in females. In rodents it triggers
estrous behavior in females previously treated with estrogen. Pro-
gesterone controls the timing and duration of sexual responsive-
ness; following its initial stimulatory effect, the hormone produces
a decrease in estrous behavior. In other species, such as rabbits,
that do not require progesterone to facilitate lordosis (elevation of
the rump and vaginal opening for mating), progesterone exerts a
clear inhibitory effect on sexual behavior.

Therefore, it is surprising that there is almost universal agree-
ment that progesterone treatment does not have a marked effect on
the sexual response of either premenopausal or postmenopausal
women (Persky, O’Brien & Kahn, 1976; Schreiner-Engel, Schiavi,
et al.,, 1981) or of primates in general (Dixson, 1998). Although
some researchers have reported changes in libido in women taking
oral contraceptives that contain synthetic progestins, the direction
of the changes (positive or [mostly] negative) and the proportion
of affected subjects vary considerably among the reports. More-
over, most contraceptive preparations contain both estrogen and
progestins, making it difficult to ascribe reported changes to pro-
gestins per se. However, there is no solid basis on which to claim
an effect of progesterone on orgasm. For example, Caruso et al.
(2004) studied the effect of taking low-dose oral contraceptives
containing ethinyl-estradiol and the progestin gestodene. They re-
ported some effects on libido and sexual arousal, presumably due
to low androgen levels, but the frequency of orgasm did not change
during the nine months of oral contraceptive use.



Mechanism of Action of

Sex Steroids

he sex steroids produce an initial cascade of cellular

processes that is basically the same in the brain as in the
sex steroid—sensitive peripheral organs, such as the uterus
and prostate. Steroid hormones interact with receptors in-
side their target cells. They penetrate into the cell, freely
crossing the cell membrane, and bind with a specific intra-
cellular (often intranuclear) receptor protein. The highly
specific interaction between hormone and receptor triggers
a series of events culminating in gene (DNA) transcription
and the synthesis of proteins. This process may take a few
hours, but its effect on behavior persists for days—that is,
long after the steroid has disappeared from both the cell
and the bloodstream. Interference with this process by ad-
ministration of an antihormone (e.g., the antiandrogen cy-
proterone acetate) blocks the behavioral effect.
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Testosterone and the other steroid hormones do not trigger the
pattern of neuronal activity leading to ejaculation or orgasm. In-
deed, plasma levels of testosterone do not increase during arousal
or orgasm in men (Kriiger, Haake, Hartmann, et al., 2002; Kriger,
Haake, Chereath, et al., 2003). Rather, testosterone and other an-
drogens act by building up and maintaining the functionality of the
diverse neural circuits involved in these sexual behavior patterns.
This explains why the latencies to restore sexual response in hypo-
gonadal or castrated subjects are quite extended (several days to
weeks), most likely involving trophic (“nutritive”) actions and the
synthesis of structural proteins.

Steroid hormones modulate brain processes such as pituitary
secretion and reproductive behavior by two main types of brain
processes, which Frank Beach (1975) termed “organizational,”
differentiating the developing brain toward feminine or masculine
behavioral and physiological patterns, and “activational,” trigger-
ing the expression of feminine or masculine behavioral and physio-
logical patterns in the adult. The organizational processes occur
during a restricted phase of brain development, during the perina-
tal period, and result in the sexual differentiation of the brain, in
which the brain develops neural components in females that are
different from those in males.

Studies performed mainly in rodents have revealed that the de-
velopment of a neural circuit for the production of male sexual
response, including ejaculation, depends on the secretion of testos-
terone by the fetal testis during the prenatal organizational period.
Testosterone and its metabolites (including estradiol) induce a va-
riety of structural changes in several brain and spinal cord regions
and determine the number of neurons and the patterns of connec-
tions of specific brain nuclei (clusters of neurons). This organiza-
tional effect becomes particularly evident when testosterone is ad-
ministered to neonatal female rats within two days after birth. As
a result of this brief early treatment with testosterone, the female
rat, when an adult, not only fails to ovulate but displays toward
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other females the behavioral pattern associated with ejaculation in
male rats (Morali, Larsson & Beyer, 1977).

Some human brain structures are sexually dimorphic, differing
in physical structure between males and females (Le Vay, 1993).
Particularly relevant for sexual response may be differences in the
size and number of neurons found in the interstitial nuclei of the
anterior hypothalamus. Swaab and Fliers (1985) identified a sexu-
ally dimorphic nucleus (larger in men than in women). The differ-
ence develops between the age of 4 years and puberty and is due to
a higher rate of apoptosis (normally occurring neuronal cell death)
in women than in men. Other studies have found other nuclei in
this area that seem to be larger in men than in women (Le Vay,
1991, 1993). There is no information, however, on whether hor-
mones participate in this process or on the functional significance
of this difference.

Although self-reported descriptions of orgasm by women and
men are indistinguishable, the physiological events in the two sexes
are certainly different. Recent studies with PET (positron emis-
sion tomography) (Holstege et al., 2003) and fMRI (functional
magnetic resonance imaging) (Komisaruk, Whipple, Crawford, et
al., 2002, 2004) show regional differences in the pattern of brain
activation during orgasm in men and women, which may reflect
physiological, more than cognitive, differences. Thus, it is likely
that sex differences in the neural circuits involved in orgasm in
humans are produced by organizational actions of androgens or
other sex steroids during brain development.

Following its organizational effect, exerted during the perina-
tal period, androgen secretion by the testis remains very low until
puberty, when testosterone or its metabolites initiate the multiple
manifestations of sexual behavior in males. Increases in testoster-
one, which is measurable in saliva, are closely related to the initia-
tion of sexual activity, including the experience of orgasm (Halpern,
Udry & Suchindran, 1998). The levels of free plasma testosterone
(and/or its metabolites) correlate well with the frequency of sexual



MECHANISM OF ACTION OF SEX STEROIDS  T9T

thoughts in adolescent boys (Halpern et al., 1994). Thus, the initi-
ation of male sexual response at puberty, as well as its maintenance
throughout life, is due to the activational effect of testosterone on
previously organized neural circuits. Testosterone by itself may ac-
tivate sexual desire, but it does not directly participate in stimulat-
ing the neural circuits involved in sexual arousal or orgasm. The
role of testosterone in these processes is to maintain the functional-
ity and capacity of these circuits to respond to the complex sensory
activity provided by genital stimulation.

The role of testosterone in maintaining sexual response in all
its phases, as well as the gradual deterioration of sexual response
following testosterone removal, provides information about the
unique characteristics of the underlying neural circuits. The andro-
gen-dependent circuits require the continuous presence of testos-
terone or its metabolites to remain functional, much as a highway
requires maintenance and repair. We have little information about
the nature of the cellular events regulated by testosterone in the
brain, although most likely they are trophic activities, involving
axonal growth or “sprouting” of axon terminals. It is evidently
through these processes that the circuits involved in orgasm are
maintained and adjusted for optimal functioning.

We also lack information about the human brain structures on
which testosterone acts to stimulate sexual response, including
orgasm. Since testosterone most likely acts through androgen re-
ceptors and, via aromatization, through estrogen receptors, brain
structures that have testosterone receptors and, probably, estrogen
receptors are logical candidates to be involved in sexual response,
including orgasm.

A great advance in the methodology to localize steroid receptors
came from the synthesis of radioactively labeled steroid hormones,
which allowed investigators to detect the binding of the hormone
to its responsive tissues in various sites in the body, including the
brain and tissues related to the genital system. Also made possible
by new technologies was the purification of a protein that binds
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the steroid hormones in the blood and, later, the generation of anti-
bodies to the steroid receptors. Using monoclonal antibodies to the
proteins comprising the steroid receptors, researchers have been
able to map the distribution of receptors throughout the brain and
spinal cord. These maps provide clues as to the neural sites of ac-
tion of the steroid hormones.

The brain structures that have sex steroid receptors are com-
ponents of the limbic system, a part of the brain that developed,
evolutionarily, before the highly specialized neocortex of humans
and is related to the control of autonomic and hormonal processes.
It seems that androgen, by binding to these receptors, triggers a
variety of changes including structural and biochemical changes,
which, in turn, alter the responsiveness of specific neural circuits.
With these neural circuits adequately “eroticized” by the steroid
hormones, the presence of appropriate sensory stimuli—such as a
mate—will trigger the appropriate sexual response. The hormones,
in the absence of specific sensory stimuli, induce sexual motivation
or desire, leading to a series of overt behavioral actions that result
in sexual interaction.

There is remarkable consistency in the distribution of andro-
gen and estrogen receptors in the brain across mammalian species.
Most of the brain neurons that have androgen receptors are lo-
cated in the medial periventricular region of the hypothalamus and
in the medial preoptic area. In primates (such as Macaca mulatta,
rhesus monkeys), some forebrain areas, such as the amygdala and
the bed nucleus of the stria terminalis, have androgen receptors
(Bonsall, Rees & Michael, 1989). That these regions are involved
in libido or sexual motivation is supported by research in rodents
in which implants of testosterone in the medial preoptic area in
castrated animals restore sexual motivation (E. R. Smith, Damassa
& Davidson, 1977).

Taken in a broad perspective, the contrast is puzzling between
the significant role of sex steroids in sexual behavior in female non-
human mammals and the evident failure of estrogen to stimulate
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sexual response and orgasm expression in women (Schreiner-En-
gel, Schiavi, et al., 1989). All anthropoid apes that have been stud-
ied show dependence on estrogen for sexual activity. It is difficult
to differentiate peripheral (e.g., genital organ) from central (e.g.,
brain) effects in monkeys. Estrogen acting at the external genitals
(vulva and vagina) stimulates females’ attractiveness to males, and
there is good evidence that estrogen also acts in the brain to stimu-
late proceptivity and receptivity. This contrasts with the failure of
even high-dose estrogen treatment in women to stimulate libido,
sexual arousal, or orgasm (Salmon & Geist, 1943; Furuhjelm,
Karlgren & Carlstrom, 1984; Nathorst-Boos, von Schoultz &
Carlstrom, 1993).

Yet, there is little doubt that testosterone and perhaps other
androgens exert an aphrodisiac effect in women, both pre- and
postmenopausal. Recent well-controlled studies reveal that when
added to chronic estrogen treatment, chronic testosterone admin-
istration (via skin patch) that restored plasma testosterone to nor-
mal levels significantly improved all aspects of sexual activity in
women, including orgasm (Shifren et al., 2000). The effect of di-
hydrotestosterone on women’s sexual response is not clear, but
when it is combined with estrogen, the combination significantly
stimulates all aspects of sexual activity. Similarly, estrogen, ineffec-
tive by itself, seems to act synergistically with androgen treatment
to facilitate sexual response in women.

These findings suggest that contrary to what has been generally
believed, estrogen may indeed play an important role in women’s
sexual response—not alone, but when combined with androgen.
From the available evidence, we are led to conclude that both men
and women use a combination of androgen and estrogen, natu-
rally resulting from testosterone metabolism, to facilitate sexual
response, including orgasm.



Nonreproductive Hormones

in Orgasm

Hormones other than the sex steroids (androgens and
estrogens) have been reported to influence sexual re-
sponse, but their natural role is still debated. Some of these
hormones, such as oxytocin and prolactin, are released in
both sexes during sexual arousal and orgasm, and prolac-
tin may play a role in postorgasmic behavior—in the “reso-
lution phase” described by Masters and Johnson (1966).
Here we discuss the effects on orgasm of adrenal cortical
hormones, oxytocin, and prolactin.

Adrenal Cortical Hormones

The adrenal cortical hormones (e.g., cortisol), also known
as corticoids, are steroids secreted by the adrenal cortex.
They have not been well studied in relation to their pos-
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sible role in sexual response and orgasm, but to the extent that
mood and sexual desire are related, corticoids most likely play an
important, though indirect, role in sexual response. For example,
the increased secretion of corticoids that is characteristic of Cush-
ing disease (which results from a benign tumor of the anterior pi-
tuitary gland) is frequently associated with depression and loss of
sexual interest (Starkman & Schteingart, 1981). The decrease in
libido is probably due not to a direct inhibitory effect of corticoids
on the neural networks involved in sexual motivation but rather
to the depression that accompanies the brain activity that produces
hypersecretion of cortisol. High levels of cortisol in men decrease
testosterone secretion by decreasing testicular responsiveness to lu-
teinizing hormone (Sapolsky, 1985), which can lead to a decreased
sexual response. A decrease in libido is usually associated with
high levels of corticotropin, also known as adrenocorticotropic
hormone (ACTH), which controls secretion of corticoids from the
adrenal cortex. Decrease in libido due to hyperactivity of the pitu-
itary-adrenal axis occurs in both sexes. Sexual arousal and orgasm
are not associated with significant changes in corticoid secretion,
thus reinforcing the idea that corticoids do not directly stimulate
any aspect of sexual behavior.

Oxytocin

Oxytocin plays a role in penile erection and is released during or-
gasm. Of interest here is whether oxytocin affects the perception
of orgasm. Oxytocin is a nonapeptide (a peptide containing nine
amino acids) synthesized in both large neurons (in supraoptic and
paraventricular nuclei) and small neurons (in tuberal nuclei) of
the hypothalamus. The axons of some of these neurons end in
close association with capillary blood vessels in the posterior pitu-
itary gland (also called the “neural lobe of the pituitary gland”),
rather than synapsing with other neurons. This unique anatomi-
cal arrangement allows oxytocin to be released directly into the
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bloodstream, as a hormone, from neurons in the brain—a process
termed “neurohormone secretion.” Other oxytocinergic neurons
release oxytocin into the capillary bed of the portal vessels, which
carry it a very short distance (millimeters) to a second capillary bed
in the anterior pituitary gland, where oxytocin modulates the re-
lease of ACTH. In yet another anatomical arrangement, the axons
of some oxytocinergic neurons synapse with neurons in the lower
brainstem and at various points along the spinal cord, to modu-
late the excitability of these neurons. Thus, oxytocin has the rare
distinction of acting as both a conventional neurotransmitter and
a conventional hormone.

Stimulation of the nipple area by suckling or of the genital tract
during childbirth provokes the release of oxytocin into the blood-
stream. The subsequent action of oxytocin on the mammary myo-
epithelium produces milk ejection, and its action on the uterine
smooth muscle produces uterine contractions. Copulation elicits
oxytocin release in many mammalian species, including humans
(Blaicher et al., 1999; Kruiger, Haake, Chereath, et al., 2003).

Because oxytocin stimulates the contraction of the smooth mus-
cle of some sex organs involved in ejaculation, it seems probable
that this neurohormone directly contributes to the peripheral or-
gasmic response (Filippi et al., 2003). Some researchers have sug-
gested that oxytocin may also be involved in the sensory experi-
ence of orgasm. A positive correlation between the intensity of
orgasm and the concentration of plasma oxytocin has been found
in both sexes (Carmichael, Warburton, et al., 1994), although
this could represent a joint effect of a more intense orgasm releas-
ing more oxytocin, rather than oxytocin having an effect on the
brain to intensify orgasm. Some investigators reported, however,
that administration of naloxone to men, a procedure that reduces
plasma levels of oxytocin at orgasm, decreased pleasure from or-
gasm (Murphy et al., 1990). Again, this could be due to the nalox-
one reducing both the intensity of the perceived orgasm (perhaps
via an effect on endogenous opioids) and the amount of oxytocin
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released, rather than the oxytocin having a direct effect on the per-
ceived intensity of orgasm.

Oxytocin does not readily pass from the blood into the brain
(i.e., across the blood-brain barrier). Oxytocinergic neurons that
send their axons to other neurons (rather than to the neural lobe
of the pituitary gland) may stimulate neurons of the brain circuit
involved in the sensory experience of orgasm.

Release of oxytocin during coitus in women has been related
to the facilitation of sperm transport, but its possible role in men,
besides some participation in the peripheral orgasmic response,
is uncertain. From animal studies, it is known that oxytocin par-
ticipates in affiliative processes, and thus the release of oxytocin
during orgasm could result in strengthening of affiliative responses
between partners (Carter et al., 1992; Insel et al., 1993).

Prolactin

Prolactin is a protein hormone that is synthesized by cells in the
anterior pituitary gland, from which it is released into the blood-
stream. There are data to suggest that prolactin can influence some
of the components of sexual response, including orgasm. Numer-
ous studies have reported that a pathologically high level of prolac-
tin in plasma—a condition known as hyperprolactinemia—is often
associated with a decrease in both libido and sexual satisfaction in
men and women (M. B. Schwartz, Bauman & Masters, 1982; Ban-
croft, 1984; Buchman & Kellner, 1984). Because some neuroleptic
drugs and antidepressants increase prolactin secretion, it has been
proposed that the impairment of sexual functioning (including an-
orgasmia) induced by such drugs is mediated by this process—that
is, as a direct inhibitory effect of prolactin, a direct inhibitory effect
of the drugs, or both.

The sexual behavioral symptoms of hyperprolactinemia are re-
versed when patients are treated with bromocryptine (Buchman &
Kellner, 1984), a dopamine agonist that inhibits prolactin secre-
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tion and consequently decreases its level in plasma. Although these
observations link abnormally high levels of prolactin with a loss
of sexual desire, it is not clear whether secretion of prolactin nor-
mally modulates sexual response. Some researchers have reported
that breast feeding, a stimulus that elicits prolactin release, tends to
decrease sexual desire in lactating women (Kayner & Sager, 1983).
However, the relationship may be only indirect, since the depressed
mood that occurs in some postpartum women could be more di-
rectly related to the decrease in sexual desire.

Recent studies have demonstrated that prolactin secretion con-
sistently rises in both men and women during orgasm (e.g., Kruger,
Hartmann & Schedlowski, 2005). This endocrine response seems
to be specific to orgasm, since sexual arousal is accompanied by
only minimal, if any, increases in prolactin levels. Consistent with
these findings, there is a report of a man capable of experiencing
three orgasms without intervening postejaculatory “refractory” pe-
riods (time unresponsive to sexual stimulation) who failed to show
any rise in prolactin following orgasm (for a review, see Kruger,
Haake, Hartmann, et al., 2002). From these observations, it has
been proposed that normally, the prolactin released at orgasm al-
most immediately “feeds back” on the brain circuits related to
sexual motivation and inhibits sexual drive.

Although prolactin does not penetrate the blood-brain barrier, it
does gain access to the cerebrospinal fluid, which bathes the brain
and spinal cord, from where it might modulate neuronal activity
in regions such as the medial preoptic area, the septum, and the
hypothalamus; these brain structures have been related to the ex-
pression of sexual response. Prolactin receptors have been detected
in the brain, thus supporting a possible site of action for a prolactin
effect.



Atypical Orgasms

here are reports of a variety of orgasms that occur

under atypical conditions, apparently independent of
genital stimulation (which generates “typical orgasms”). A
consideration of the conditions under which these “atypi-
cal orgasms” occur—the factors that stimulate them, the
individuals who experience them, and the qualities of the
orgasms—is instructive in understanding the nature of or-
gasm. When we consider the cases described here, nongeni-
tal orgasm is not an oxymoron.

During Dreaming Sleep

Several lines of evidence demonstrate that the brain can
generate an orgasm independent of genital sensory activity
in both men and women. Physiological changes (vaginal
blood flow, heart rate, and respiration rate) were measured
in a sleeping woman while she had an orgasm in a dream,
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which she described when she awoke (Fisher et al., 1983). Dur-
ing the orgasm, her heart rate increased from 50 to 100 beats per
minute and her respiration from 12 to 22 breaths per minute, and
she had a “very marked” increase in vaginal blood flow. The vagi-
nal blood flow showed cyclic episodes of vascular engorgement
(the equivalent of penile erections in men) during REM (rapid
eye movement) sleep periods. The vaginal vascular engorgement
tended to occur with a frequency equal to that of penile erections
in men (i.e., during 95% of REM periods). However, during non-
REM sleep her vaginal responses occurred with greater frequency
than penile erections in men; they were shorter in duration and less
tightly linked to the REM periods.

In Fisher et al.’s case study, the brain activity that generated the
woman’s experience of orgasm was not a response to genital stimu-
lation, but the brain activity generated output to the autonomic
system that would normally be activated during genitally stimu-
lated orgasm. In other words, the physiological responses were
not “reflexive” responses to genital stimulation but were gener-
ated intrinsically by the brain. Orgasms during sleep are only one
of the multiple contexts in which orgasm can occur apparently
independent of genital sensory activity. The question of how noc-
turnal seminal emissions (“wet dreams”) can occur independent
of mechanical penile stimulation is worthy of neurophysiological
research.

“Phantom” Orgasms

“Phantom limb,” or “phantom limb pain,” is a phenomenon in
which a person who has suffered amputation of a limb feels that
the limb is still present, often in severe pain. In such cases, it is, of
course, the limb—not the pain—that is the “phantom.” The pain
is all too real.

John Money (1960) incorporated the concept of “phantom or-
gasm” in characterizing men and women with spinal cord injury
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(SCI) and no genital sensation who experienced orgasm in their
sleep. In this case, at least in the men, the “phantom” is the orgasm
experienced as genital. Of fourteen men who had SCI between
Cs and L1 (cervical 5 and lumbar 1), all had experienced orgasm
before their injury. Eight of the men reported experiencing sexual
intercourse in their dreams before injury, and five of these men
reported orgasm imagery in dreams after their injury. In Money’s
words, these paraplegic men

had no genitopelvic gratification (none ejaculated after their injury). It
is therefore all the more remarkable a phenomenon that some of them
had orgasm imagery in dreams almost as vividly as though it were the
real thing . . . [This finding] offers conclusive evidence that cognitional
eroticism can be a variable of sex entirely independent of genitopelvic
sensation and action. The brain, in other words, can work indepen-
dently of the genitalia in the generation of erotic experience, just as
the genitalia of paraplegics can work reflexly and independently of
the brain . . . The occurrence of orgasm imagery in the sleep dreams
of paraplegics may be regarded as a special example of phantom im-
agery. It is of interest that this phantom experience was restricted to
sleep. Awake or asleep, there were no other reported examples, from
any of the patients, of phantom sensation or imagery attributable to

the genitalia.

Money (1960) also described the case of a 32-year-old woman
who had been injured in a fall three years earlier that produced
a fracture dislocation at C6 and C7. The injury left her inconti-
nent and paralyzed except for minimal toe movements, which dis-
appeared following rhizotomy (surgical cutting of sensory nerve
roots to reduce leg spasms). The woman stated that “when I have
had a sexy dream I have always . . . reached a climax.” The orgasm
dreams were rare. The woman estimated that she had had six or-
gasm dreams in the three years since her injury.
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After Spinal Cord Injury in Women

Evidence for Orgasms in These Women

There are anecdotal reports that women with complete spinal cord
injury experience orgasms (Whipple, 1990). Early reports described
women diagnosed with “complete” SCI who could perceive genital
sensations, including orgasm (Cole, 1975; Kettl et al., 1991); these
findings were later confirmed (Komisaruk & Whipple, 1994; Sip-
ski & Alexander, 1995; Sipski, Alexander & Rosen, 1995; Whip-
ple, Gerdes & Komisaruk, 1996; Komisaruk, Gerdes & Whipple,
1997). In Komisaruk, Whipple, and colleagues’ research studies,
women with complete SCI reported responding to vaginal or cervi-
cal self-stimulation—some could perceive it and some experienced
orgasms in response to it. Some of these women reported that their
physicians had informed them that they must be imagining the
sensation, because their spinal cord had been severed. Several of
the women were upset by the discrepancy between their own per-
ception of genital sensibility and their physician’s assertion of its
impossibility.

In one study, Sipski, Alexander, and Rosen (1995) found that 52
percent of women with SCI experienced orgasm, that the degree
and type of SCI was not related to the occurrence of orgasm, and
that there were no characteristics that allowed prediction of which
women with SCI would be able to experience orgasm. They did
find, however, that the women who experienced orgasms had a
higher sex drive and greater sexual knowledge than those who did
not. In a second study, Sipksi, Alexander, and Rosen (2001) found
that 59 percent of women with various levels and degrees of SCI
could experience orgasm. Regarding the nature of the orgasms,
independent raters were unable to differentiate between subjec-
tive descriptions of orgasm from women with SCI compared with
noninjured controls. The authors have proposed that orgasm is a
reflex response of the autonomic nervous system, but they did not
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explain how that activity could be perceived if neural transmission
from the genitals to the brain was blocked by the SCI (Sipski, Alex-
ander & Rosen, 1995; Sipski, 2001). We believe there is a different
explanation for women with complete SCI being able to perceive
genital sensation.

A Neurological Explanation

In cases of complete SCI, at least some genital sensation could oc-
cur if the injury extended as high as spinal cord T11 (thoracic 11).
This is based on evidence that the hypogastric nerves ascend in the
sympathetic chain and enter the spinal cord at Tto to Tr2 (Bon-
ica, 1967; Netter, 1986; Giuliano & Julia-Guilloteau, 2006; Hoyt,
2006). Consequently, there would still be intact sensory nerve in-
put to the spinal cord—and then access to the brain—at least via
the hypogastric nerves, even if the SCI were as high as T11. The hy-
pogastric nerves convey sensory input from the uterus and cervix,
as evidenced by nerve recordings that mapped the sensory fields
and zones of entry into the spinal cord of the genital sensory nerves
in the female rat (Komisaruk, Adler & Hutchison, 1972; Kow &
Pfaff, 1973—74; Peters, Kristal & Komisaruk, 1987; Berkley et al.,
1990; Cunningham et al., 1991).

Evidence that the hypogastric nerves convey uterine sensory ac-
tivity after such SCI has already been published. Berard (1989) re-
ported that pregnant women with SCI below T12 can feel uterine
contractions and movement of their fetus in utero.

To test the functionality of this hypogastric nerve pathway,
Komisaruk, Whipple, and colleagues studied a group of ten women
whose complete SCI was below Tro (thus presumably allowing
some genitospinal input to the brain via the hypogastric nerve en-
try at T1o) (Komisaruk & Whipple, 1994; Whipple, Gerdes &
Komisaruk, 1996; Komisaruk, Gerdes & Whipple, 1997). Women
could indeed feel cervical self-stimulation. They also could feel the
application of a cervical stimulation probe by one of the investiga-
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tors, and showed significant analgesia measured at the fingertips
during cervical self-stimulation (an objective measure of response
to cervical self-stimulation). Furthermore, two of the women ex-
perienced orgasms during the self-stimulation. Of greater interest,
a group of six women with complete SCI at or above T1o (as high
as T7) had perceptual responses comparable to the other, “lower
injury” group. That is, four of the six had perceptual responses to
cervical stimulation by the investigator and could feel the cervical
self-stimulation, all six experienced analgesia at the fingertips, and
one experienced orgasms in the laboratory. In addition, in both
groups of women, all but one reported that they commonly experi-
ence menstrual discomfort.

Evidence That a Genital Sensory Pathway Goes Directly to the
Brain, Bypassing the Spinal Cord

Based on these unexpected and surprising findings, we hypothesized
that the women with the higher level of complete SCI experienced
the vaginocervical stimulation via the vagus nerves (i.e., cranial
nerve 10), which bypasses the spinal cord in its course to the brain
(Komisaruk & Whipple, 1994; Whipple, Gerdes & Komisaruk,
1996; Komisaruk, Gerdes & Whipple, 1997; Whipple & Komisa-
ruk, 1997).

The traditional view of the pathway by which genital stimulation
reaches the brain is via the ventrolateral spinothalamic tract (Beric
& Light, 1993). In cases of traumatic SCI, it has been reported
that if this tract is interrupted, genital stimulation-induced orgasm
is blocked in women and men (Beric & Light, 1993). It is curious
that this pathway also contains axons that convey pain impulses to
the brain. In cases of intractable pain of cancer, the spinothalamic
tract may be therapeutically transected by surgery. In such cases of
bilateral interruption of the spinothalamic tract, orgasm is abol-
ished in men (Monnier, 1968). In one case of a man with intrac-
table pain, surgical transection of the spinothalamic tract blocked



AtypPicAL ORGASMS 203

genitally stimulated orgasm along with blocking the pain (Elliott,
1969). The pain blockage persisted for several months, after which
the pain reappeared. Concurrently, his genital orgasmic response
reappeared.

The plausibility of our hypothesis that the vagus nerves pro-
vide an additional genital sensory pathway in women is as fol-
lows. Evidence for a vaginocervical sensory role for the vagus was
first presented by Guevara-Guzman and colleagues based on their
studies in the laboratory rat (Ortega-Villalobos et al., 1990). They
reported that the neural tracer horseradish peroxidase, when in-
jected into the cervix, produced labeling of neurons in the nodose
ganglion, which is the dorsal root (i.e., sensory) ganglion of the
vagus nerve. More recently, innervation of the uterus and cervix by
the vagus nerves in the rat was confirmed by Papka and colleagues
(Collins et al., 1999). Support for a vaginocervical sensory role for
the vagus nerve in the rat was also provided by functional studies.
Vagal electrical stimulation produced analgesia in rats (Maixner
& Randich, 1984; Randich & Gebhart, 1992; Ness et al., 2001)
and in humans (Kirchner et al., 2001). And vaginocervical probing
in rats produced analgesia even after combined bilateral transec-
tion of the known genitospinal nerves—pudendal, pelvic, and hy-
pogastric (Cueva-Rolon et al., 1996). In the same individual rats,
the analgesia was abolished after subsequent bilateral transection
of the vagus nerves. In a separate study in rats, significant pupil
dilation (indicative of brain involvement) in response to vaginocer-
vical stimulation persisted, although at a diminished magnitude,
after total surgical ablation of the spinal cord at the midthoracic
level (T7); subsequent bilateral transection of the vagus nerves at
the subdiaphragmatic level abolished the pupil-dilation response
(Komisaruk, Bianca, et al., 1996). Furthermore, electrical stimu-
lation of the central end of the transected vagus nerve (the part
still connected to the brain) produced marked and immediate pu-
pil dilation, which mimicked the effect of vaginocervical stimu-
lation (Bianca et al., 1994). In other experiments, Hubscher and
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Berkley (1994) showed that neurons of the nucleus of the solitary
tract (NTS, for “nucleus tractus solitarii”) in rats responded to
mechanical stimulation of the vagina, cervix, uterus, or rectum,
and vagotomy altered these responses. Thus, various lines of evi-
dence—anatomical and functional—support a genital sensory role
for the vagus nerves, at least in the laboratory rat.

Evidence That the Vagus Nerves Are Genital Sensory
in Women

To ascertain whether the vagus nerve functions comparably in
women, fMRI (functional magnetic resonance imaging) studies
were used to observe whether vaginocervical self-stimulation pro-
duces activation of the region of the brain to which the sensory
vagus projects—that is, the NTS, in the medulla oblongata. The
study sample was restricted to women whose complete SCI above
Tro was due to mechanical interruption by gunshot wound, rather
than compressive injury, in order to reduce the possibility of un-
detected residual spinal cord pathways. The region of the NTS
was identified in a prior fMRI study in which the subjects tasted
a sweet-salty-sour-bitter liquid mixture to activate the superior re-
gion of the NTS (Komisaruk, Mosier, et al., 2002), which conveys
gustatory sensory activity (Travers & Norgren, 1995). Activation
of this region was first checked by squirting a 1-milliliter sample
of the tasting mixture into the subject’s mouth and recording the
fMRI activation pattern. The women then performed vaginocervi-
cal self-stimulation.

In humans, the NTS is a long tubular nucleus (column of neu-
rons) situated vertically in the medulla oblongata of the brainstem,
which itself is situated vertically as an extension of the spinal cord.
The NTS has been shown to have a viscerotopic organization in the
rat. Viscerotopic implies that, if extrapolated to humans, oral input
would be at the uppermost region, followed sequentially by input
from esophageal, gastric, and intestinal stimulation, in descending
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order toward the lowermost region of the NTS (Altschuler, Rina-
man & Miselis, 1992). Based on those considerations, responses
to cervical self-stimulation are likely to occur at the lowermost
region of the NTS—that is, at the NTS pole opposite and below
that activated by the tasting mixture. The fMRI findings supported
this hypothesis (Komisaruk, Whipple, Crawford, et al., 2004) and
thereby provided support for the concept that the vagus nerves
can convey sensory activity from the genitals in women, bypassing
complete SCI at any level. Thus the “mysterious” orgasms from
cervical self-stimulation in women whose spinal cord is severed
are evidently conveyed by a previously unrecognized pathway—
the vagus nerves.

From Flectrical Stimulation of the Brain

Much of what neuroscientists have learned about the role of spe-
cific brain components in the control of behavior and physiology
is based on direct electrical stimulation of the brain or adminis-
tration of chemicals directly to the brain. A pioneer in the field
was the neurosurgeon Wilder Penfield, of the Montreal Neuro-
logical Institute, whose work in the 1950s captured the public
imagination to the degree that a street in Montreal is now named
after him.

The “Little Person” in the Brain

Using a handheld electrode, Penfield stimulated the brain surface in
awake patients who had been prepared for neurosurgery to remove
brain regions that were triggering epileptic attacks (the temporar-
ily displaced scalp and skull were locally anesthetized). Penfield
and Rasmussen (19 50) found that in a band of tissue that stretches
across the cortex like the band connecting two earmuffs, there is a
relatively orderly arrangement of responses to different regions of
the body. That is, when the brain region is stimulated to which the
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patient reports toe sensation, the adjacent brain region elicits the
report of leg sensation, then the next adjacent brain region elicits
a report of thigh sensation, and so on. Using this method, Penfield
was able to generate a sensory map of the body, termed a “ho-
munculus” (Latin for “little person”). Just in front of that band of
tissue, Penfield found a parallel map of the body, but, in this case,
electrical stimulation of specific locations on the cortex provoked
muscular movement of the different parts of the body. This “motor
homunculus” closely paralleled the sensory homunculus.

When Penfield stimulated the part of the cortex closer to the base
of the brain—in a region known as the temporal lobe, because it is
a lobule of the cortex situated near the temples of the skull—he ob-
served a different type of response in his patients. These were much
more complex. They were dreamlike memories, often producing a
feeling of déja vu. Perot and Penfield (1960) called these “experi-
ential hallucinations.” They described the effect as follows:

An experiential response [to temporal cortex stimulation] . . . may
consist of a detailed experience, that is, a scene with the appropriate
sounds and accompanying emotions which the patient usually recog-
nizes as having occurred in the past; or it may be limited to a picture,
a spoken word, voices, music or fragments of experience that he may
or may not be able to identify . . . [They may be] (1) auditory—experi-
ences with no apparent visual component such as words or music, (2)
visual—scenes, persons or objects, (3) combined visual and auditory
experiences, and (4) unclassified experiences, e.g. “a dream,” “a flash-

back,” or “a memory.”

Thus, the memory, the subject’s associations to that memory, and
the feelings associated with the event were all evoked by the elec-
trical stimulation.

Electrical stimulation of another brain region—the insular cor-
tex—produced sensory effects such as “alimentary sensations”
from mouth to anus, abnormal and disagreeable taste and nontaste
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sensations from the tongue, and gastric sensations that may have
resulted from increased gastric motility (Penfield & Faulk, 19575).

Sexual Feelings

While Penfield did not report orgasmic responses in his patients
(Penfield & Rasmussen, 1950; Penfield, 1958), two other neuro-
surgeons, using different methodologies and stimulating different
brain regions, did elicit reports of orgasms by their patients. Rob-
ert Heath, at Tulane University in New Orleans, and Carl Wilhelm
Sem-Jacobsen, in Norway, were the pioneers in this methodology.
They implanted electrodes deep into the brain rather than on the
surface, then attached them firmly to the skull, so that patients
could be stimulated while up and about. These are termed “chroni-
cally implanted” electrodes.

Sem-Jacobsen (1968) described a patient with a stimulating
electrode in the “posterior part of the frontal lobe, 2 cm from
the midline” (the location was not more precisely described) who
responded to electrical stimulation “with a nonsexual type of or-
gastic sensation. The patient liked it and wanted to be stimulated
again, but when suddenly he became satisfied, he did not want any
more electrical stimulation . . . he reported feeling ‘relaxed, pleas-
ant . . . it’s like a sexual pleasure. No smell. No taste. I feel it in
the whole body.” Upon realizing that this was definitely a sexual
response, no further stimulation was made.” Another of Sem-]Ja-
cobsen’s patients enjoyed the stimulation and asked for more. This
patient’s responses included trembling, deep breathing, flushing,
sudden relaxation, smiling, and ejaculation.

Heath (1964) described several case studies of patients who
received electrical stimulation of the brain. Patient B-7 received
chronically implanted electrodes preparatory for brain surgery to
treat epilepsy. Heath used an interesting method in which, rather
than applying the electrical stimulation, he provided patients with
a wearable control panel that enabled them to apply self-stimula-
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tion at will. In one case, he provided a man with a button that
controlled electrical stimulation to an electrode implanted into
the septal area and another button to an electrode implanted into
the midbrain tegmentum. Tegmentum stimulation produced “in-
tense discomfort and induced fear.” However, “when asked why
he pressed the septal button with such (high) frequency, the patient
said the feeling was ‘good’ and made him feel as if he were building
up to a sexual orgasm. He was unable to achieve the orgastic end
point, however, and explained that his frequent, sometimes frantic,
pushing of the septal button was an attempt to reach a ‘climax’
although at times this was frustrating and produced a ‘nervous
feeling.””

Three of Heath’s male patients experienced penile erection dur-
ing septal stimulation. Heath related the experiences of patient B-
10, a man with psychomotor epilepsy, and of several patients with
intractable pain:

[Patient B-10’s] response to septal stimuli frequently had sexual asso-
ciation. Regardless of his baseline recording or the topic under discus-
sion, the patient would introduce a sexual subject, usually accompa-
nied by a broad grin, upon receiving septal stimulation. When asked
about his response, he said, “I don’t know why that came to mind—I

just happened to think of it.”

The pleasurable feelings from mesencephalic (midbrain) stimulation
were not associated with sexual thoughts. The patient also liked the
response he obtained with stimuli to the amygdaloid nucleus and the
caudate nucleus, and he stimulated other septal electrodes and one
other electrode in the amygdaloid nucleus a considerable number of
times . . . Striking and immediate relief from intractable physical pain
was consistently obtained with stimulation to the septal region of three
patients with advanced carcinoma . . . The patients were stimulated
at intervals ranging from two times per day to once every 3 days over

periods of 3 weeks to 8 months. Stimulation to the septal region imme-
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diately relieved the intense physical pain and anguish, and the patients

relaxed in comfort and pleasure.

Orgasms from Electrical Brain Stimulation for
Parkinson’s Disease

In Brain Control, Elliot Valenstein (1973) describes the response
of one individual with Parkinson’s disease (PD) to electrical brain
stimulation:

Dr. N. P. Bechterewa of the Institute of Experimental Medicine in
Leningrad . . . has studied the effects of brain stimulation in patients
suffering from Parkinson’s disease and other brain disorders disrupt-
ing bodily movements . . . Bechterewa reports several cases in which
stimulation of the ventrolateral thalamus or adjacent regions evoked
erotic and other pleasant sensations. In one case, that of a 37-year-old
woman with postencephalitic Parkinsonism, stimulation evoked very
pleasant sexual sensations that led to an orgasm. The patient began
to visit the electrophysiology laboratory more frequently, and she ini-
tiated conversations with the assistants. She also waited for them in
the corridors and the hospital garden and tried to find out when the
next stimulation session was due. The patient seemed to be particu-
larly affectionate toward the person on whom the electrical stimula-
tion depended and she displayed dissatisfaction when her requests for

additional sessions were not granted.

Quoting this passage is not to suggest brain stimulation as a ther-
apy for parkinsonism; however, significant deleterious effects on
sexuality and orgasm have been reported by men and women with
PD. Waters and Smolowitz (2005) reported that of 15 men and 1o
women with PD, 75 percent of the women said their frequency of
orgasm was reduced since diagnosis with PD, 38 percent said they
were unable to experience orgasm, and 71 percent reported a de-
crease in sexual interest. Among the men, 8o percent said their sex-
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ual frequency had decreased since the diagnosis of PD, 44 percent
reported decreased sexual interest and drive, and 54 percent were
not able to achieve an erection. Overall, a decrease in the affected
partner’s sexual interest was noted by 54 percent of the spouses.

Based on the extensive evidence of the role of dopamine in sex-
ual response and orgasm, it is likely that the loss in sexual response
and orgasm in PD—as well as the loss of motor function—is closely
related to the deterioration of the dopaminergic neuron system,
which is diagnostic of this disease.

From Chemical Stimulation of the Brain

Heath extended the method of electrical stimulation of the brain by
using different neurochemicals inserted into chronically implanted
cannulas in the brain (Heath & Fitzjarrell, 1984). A 33-year-old
woman underwent an operation for epileptic seizures. She received
cannulas into the septal region bilaterally. “With introduction of
acetylcholine [one of the major neurotransmitters]| directly into the
septal region,” the authors reported, “the patient became euphoric
(often experiencing sexual orgasm) in association with continuous
bursts of high-amplitude spindling [a particular type of electro-
encephalographic activity] focal in the septal region, activity that
gradually diminished over a thirty-minute period.”

Heath (1964) reported that after injection of acetylcholine into
the septum of a female epileptic patient (patient B-5) when she
was in a period of depression, anguish, and despair, these feelings
“were supplanted within minutes by pleasurable feelings. Consis-
tently, strong pleasure was associated with sexual feelings, and in
most instances the patient experienced spontaneous orgasm . . .
This patient, now married to her third husband, had never expe-
rienced orgasm before she received [this] chemical stimulation to
the brain, but since then has consistently achieved climax during
sexual relations.” And Heath reported on another case: “The most
striking sexual response occurred in a female epileptic patient with
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administration of acetylcholine to the septal region. A sexual mo-
tive state of varying degree consistently developed in association
with the pleasure response resulting from stimulation to the septal
region, whereas a specific kind of behavior was not evident in as-
sociation with the pleasure response resulting from stimulation to
other areas of the brain.”

Subsequent ethical concerns and stringent controls on research
on human subjects interrupted psychosurgery research with these
invasive brain-stimulation procedures. However, certain types of
brain stimulation are still used clinically, such as for controlling the
tremor of PD and intractable pain in some cases.

From Electrical Stimulation of the Spine

Recent media reports described the studies of anesthesiologist and
pain specialist Stuart Meloy, in Winston-Salem, North Carolina.
Meloy (2006) found that when he applied electrical stimulation
through the spine for the treatment of chronic back pain, 1o of 11
of his female patients, some of whom claimed they did not experi-
ence genital stimulation—induced orgasms, reported experiencing
one or more orgasms during the electrical stimulation. The type
of electrical stimulation Meloy used is thought to counteract pain
by nonselectively stimulating many different types of nerve fibers
simultaneously in the spinal cord and thus “drowning out” the
pain-producing signals originating from the chronic back problem.
Apparently, this electrical stimulation procedure effectively by-
passes and mimics the sensory signals that would otherwise be
elicited from the genitals, generating the feelings of orgasm. With-
out published details of his procedures and results, however, we
can only make an educated guess about the basis for the reported
effect.
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During Epileptic Seizures

Much of what is known about how the brain produces orgasms is
based on studies of epileptic seizures. There are numerous reports
of men and women who describe orgasmic feelings just before the
onset of an epileptic seizure. This experience has been termed an
“orgasmic aura” (Calleja, Carpizo & Berciano, 1988; Reading
& Will, 1997; Janszky, Szucs, et al., 2002; Janszky, Ebner, et al.,
2004). The most common brain region from which these orgasmic
auras originate is the right temporal lobe of the forebrain, which
contains the hippocampus and the amygdala. The site of origin
of the epileptic activity is ascertained by EEG (electroencephalo-
graph). The aura may have a spontaneous onset or may be trig-
gered by some specific stimulus—for example, orgasmic aura was
triggered in a woman when she brushed her teeth (Chuang et al.,
2004).

While seizure-related orgasms may be described as “unwel-
come” (e.g., Reading & Will, 1997), in other cases they have been
described as pleasurable. One woman was reported to have refused
antiepileptic medication or brain surgery because she enjoyed her
orgasmic auras and did not want to have them eliminated (Janszky,
Ebner, et al., 2004).

An interesting and instructive observation in the case of orgas-
mic auras is that they are not necessarily experienced as involving
genital sensation, but instead as “nongenital orgasms.” By con-
trast, there are other reports of epileptic seizures that originate
in the genital projection zone of the sensory cortex. Individuals
report that they experience genital sensation that develops into
an orgasm, and the orgasm feels as if it were generated by genital
stimulation (e.g., Calleja, Carpizo & Berciano, 1988).

There are several reports of temporal lobe epilepsy that resulted
in orgasmic feelings. Blumer (1970) described 29 of 5o patients,
male and female, with temporal lobe epilepsy who were character-
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ized by a global hyposexuality: “Most outstanding was their in-
ability to experience orgasm.” Twenty of the 29 had experienced
orgasm less than once a year; 1o had experienced orgasm once or
never. After these patients received temporal lobectomy, their sei-
zures ceased and they became chronically hypersexual. In two pa-
tients seizures recurred, at which time their hypersexuality ceased.
These patients underwent removal of the anterior portion of the
temporal lobe on one side that was generating the seizure (i.e.,
unilateral removal of the epileptogenic temporal lobe, removing
the limbic structures of the medial portion of the gyrus—presum-
ably hippocampus and amygdala). One male patient underwent
temporal lobectomy, but about one year later the seizures recurred.
At that time, about 20 minutes after the attacks “he would seek
sexual relations with his wife . . . His wife had started to look
forward to this happening. Normally he would not seek sexual
relations more than once a week. However, if a seizure occurred
following sexual relations—even only one hour later—he would
desire sexual relations again.” Another patient rejected surgical
intervention for his seizures: “At that time his wife told the neuro-
surgeon that he was regularly demanding intercourse immediately
after his attacks. At times when he was having several attacks a
day, his impatient demands were difficult for his wife, but she al-
ways acquiesced. By contrast, in the absence of seizures several
weeks might pass without his experiencing sexual arousal.” One
of Blumer’s patients “experienced the feeling of sexual climax with
each of his seizures.”

Fadul et al. (2005) described a “focal paraneoplastic limbic en-
cephalitis presenting as orgasmic epilepsy” in a 57-year-old woman
with a two-month history of daily spells that consisted of a sudden
pleasure-provoking feeling that was described as “like an orgasm.”
The feeling lasted for 30 seconds to 1 minute. MRI revealed a
tumor in the left anterior medial temporal lobe of the forebrain,
probably due to metastasis from lung cancer that was diagnosed
when the woman first sought medical care. The EEG showed a
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focal left midtemporal abnormality. After antitumor medication
(carbamazepine) the tumor regressed and the spells subsided.

The reports that epileptic seizures can generate orgasmlike feel-
ings suggest a basic commonality between the two phenomena.
Epileptic seizures are characterized by abnormal synchronous
activation of a large numbers of neurons, followed by their syn-
chronous inactivation, then shortly thereafter by their synchro-
nous reactivation. It is likely that the rhythmical and voluntary
movement—generated timing of genital stimulation that ultimately
generates orgasm also produces synchronous activation of large
numbers of brain neurons, although in a more precisely regulated
pattern. A consequence (and probably a function) of this regulated
synchronous activity in orgasm is the activation of high-threshold
systems, such as the system that controls ejaculation.

The evidence that the ejaculatory system has a relatively high
threshold is that under normal conditions, rhythmical and timed
genital stimulation is necessary to recruit neural elements to a
higher and higher state of excitation, which climaxes with ejacula-
tion. The ejaculation cannot be elicited at lower levels of excita-
tion, and thus it is characterized as a high-threshold system. In the
case of ejaculatory orgasm, the genital stimulation is channeled
into relatively specific and coordinated systems, such as coordi-
nating vigorous thrusting movements with the ejaculatory event.
By contrast, in an epileptic seizure, the mass synchronous neural
activation becomes abnormally diffuse and can “spill over” into
motor systems that are not normally activated simultaneously, re-
sulting in uncoordinated limb movements, loss of balance, uncoor-
dinated facial and tongue movements, and so forth, as in a grand
mal seizure.

Thus, the mass neuronal activation that characterizes an epilep-
tic seizure bears a resemblance to the mass neuronal activation that
characterizes orgasm. It is perhaps this similarity that can generate
the orgasmlike feelings during epileptic seizures.
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Multiple Orgasm

Many books are available that profess to describe ways of induc-
ing multiple orgasm in men and women—for example, Any Man
Can (W. Hartman & Fithian, 1984); Orgasm: New Dimensions
(Kothari, 1989); The Multi-orgasmic Man (Chia & Arava, 1996);
The Multi-orgasmic Couple (Chia et al., 2000); and The Multi-
orgasmic Woman (Chia & Abrams, 2005). We know of only four
published studies on multiple orgasm in men, and slightly more
on multiple orgasm in women. It seems that multiple orgasm is
recognized in some women but not as easily recognized in men.
Among the classic studies, Kinsey and colleagues (Kinsey, Pomeroy
& Martin, 1948; Kinsey et al., 1953) reported multiple orgasms
in both men and women, whereas Masters and Johnson (1966),
based on their laboratory observations, reported multiple orgasm
in women but not in men.

There is no clear definition of multiple orgasm. Successive or-
gasms in women may occur within a few seconds or a minute or
two (Kinsey et al., 1953). Masters and Johnson (1966) reported
that the state of arousal between multiple orgasms does not fall
below what they termed the “plateau phase” level. Hite (1976)
suggested that if there are pauses between orgasms that require re-
stimulation, then the term sequential rather than multiple orgasm
should be used; multiple orgasms involve continuous stimulation
with no interruption.

Kothari (1989) defined multiorgasm as “a function of sustained
arousal after each orgasmic episode that culminates again in orgas-
mic intensity by further stimulation.” Men and women, he contin-
ued, “have similar underlying explanations with respect to the psy-
chodynamics of multiorgasm. For the male, a cognitive orientation
to experience multiorgasm is essential along with strong pubococ-
cygeus muscle . . . A woman’s multiorgasmic potential is the out-
come of her physioanatomical mould. For the same reason, a con-
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siderable number of women experience multiorgasm by adequate
continuous stimulation and they need less cognitive readiness than
males.” Unfortunately, Kothari does not specify the essential ways
in which he considers women’s “physioanatomical mould” to dif-
fer from that of men.

W. Hartman and Fithian (1985) pointed out that as early as
2968 BC, in China, there were writings that described male multi-
ple orgasms, as well as mention of multiple orgasm in Taoism, Tan-
tra, Vishrati (in ancient India), Imsak (in the Arab world), Chira in
the Kama-sutra, and in more modern references.

Three published studies on multiple orgasms in males focused
on multiple orgasm without ejaculations, except in the last orgasm
of the sequence (Robbins & Jensen, 1978; M. E. Dunn & Trost,
1989; Kothari, 1989). In all of the studies, the participants em-
ployed techniques to delay the occurrence of ejaculation.

A man reported that he had a multiple-orgasm response pattern
with uninhibited ejaculation at each orgasm and that he had had
this experience since the age of 15, when he first ejaculated. In the
laboratory, he experienced six ejaculatory orgasms from self-stim-
ulation within 36 minutes. He maintained an erection during the
entire period. There were significant increases in all physiological
parameters measured during the orgasmic conditions. Blood pres-
sure, heart rate, pupil diameter, and reported level of arousal all
increased significantly over resting conditions during each orgasm
(Whipple, Myers & Komisaruk, 1998).

The essential physiological differences between the single and
multiorgasmic pattern are not known. It may be that multiple
orgasm is a phenomenon that some men and women experience
spontaneously and others are taught or teach themselves. Multiple
orgasm is not necessarily a goal one should strive for; it is another
form of orgasmic experience that some people enjoy.
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After Sex-Change Surgery
Male-to-Female Surgery

Knowledge of the sensory fields of the genital sensory nerves is
utilized in reconstructive genital surgery and sex-change surgery.
In one type of male-to-female sex-change surgery, the phallic skin
and its sensory pudendal nerve and vascular supply are retained
and form the inner lining of an artificial “vaginal tube”; the tube
is sutured closed at the long end opposite the “vaginal” opening,
to form a test tube-shaped structure. An incision is made in the
perineal skin between the anus and the urethra, and a cavity is cre-
ated, pushing up toward, but not into, the abdominal cavity. The
vaginal tube is inserted into the cavity, and the open end is sutured
to the perineal skin. The glans penis, along with its sensory nerves,
is shaped into a clitoris, and the labia are formed from the scrotum
(Krege et al., 2001; personal communication, 2006). Orgasm is
retained in response to mechanical stimulation of this tissue dur-
ing sexual intercourse. This is not surprising, because stimulation
is applied to the original (penile) skin with its same nerve supply.
Also, indirect stimulation of the prostate through the “neovaginal”
wall could add pleasurable sensations and orgasm.

However, less intuitively obvious is the report of orgasm after
the reconstructive surgical procedure that creates an artificial va-
gina from a segment of intestine, the rectosigmoid colon. This sur-
gical procedure has been used in male-to-female operations after
penectomy and orchiectomy (surgical removal of the penis and
testicles), in women with congenital vaginal atresia (absence of the
vaginal opening), and in women with short vaginal length after
cervical cancer surgery (S. K. Kim, Park, et al., 2003). An incision
is made just in front of the anus into the abdominal cavity. A seg-
ment of the rectosigmoid colon is removed, keeping its blood sup-
ply and nerve supply (including the hypogastric nerve) intact; the
inner end is sealed and the outer end is sutured to the perineum



220 THE SCIENCE OF ORGASM

(the region of skin between the anus and the scrotum). The authors
reported that “twenty-four of the 27 patients (89 percent) expe-
rienced orgasm during intercourse; 10 of the 24 (42 percent) had
male-type orgasm with ejaculation and the other 14 (58 percent)
had orgasm without ejaculation. The male-type orgasm pattern of
the transsexuals changed to the female-type orgasm pattern gradu-
ally.” In response to an inquiry to the authors of the study, Dr. S.
K. Kim (personal communication, 2006) explained that in the case
of male-to-female surgery, orgasm results from stimulation of the
reduced amount of penile tissue that is surgically modified to pro-
duce a “neoclitoris.” In addition, because “the rectosigmoid flap
is a sensory flap, it contributes pleasurable sensations.” Ejacula-
tion results from stimulating the neoclitoris, because the prostate
and its ducts remain intact. The ejaculation response “disappeared
slowly . . . after several years.” In the case of women who undergo
surgery, orgasm occurs in response to stimulation not of the recto-
sigmoid flap but of the clitoris.

A similar surgical procedure was reported by Jarolim (2000).
When it was not possible to use the patient’s penile skin to create
the “vagina,” the surgeon used an intestinal segment (rectosigmoid
colon). “Some pleasure sensation and vibration was possible in
this segment,” Jarolim reported, “because of the autonomic in-
nervation which travels along the vessels [referring to the blood
vessels that were left attached to the tissue] . . . surgical gender
reassignment of male transsexuals resulted in replicas of female
genitalia which enabled coitus with orgasm.” The orgasms result
from stimulation of the initially penile skin.

Female-to-Male Surgery

Female-to-male surgery is less common. In this procedure, skin
flaps are cut from the inguinal region, and tissues from the clitoris
and labia minora, with their nerve and vascular supply, are added
to the flaps to form a “neophallus” around a urethra. In some cases
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this enables voiding of urine while standing. Tissue from the labia
majora is used to form a “neoscrotum.” Although erection is not
possible, orgasm can be elicited from stimulation of the original
clitoral tissue (Jarolim, 2000).

Nongenital Orgasms

Phantom Limb Orgasm

The case of a man who described orgasms in his amputated phan-
tom foot was described by Ramachandran and Blakeslee (1999).
They reported the following conversation:

[PaTIENT:] “Doctor, every time I have sexual intercourse, I experience
sensations in my phantom foot. How do you explain that? My doctor

said it doesn’t make sense.”

[RAMACHANDRAN:]| “Look,” I'said. “One possibility is that the genitals
are right next to the foot in the body’s brain maps. Don’t worry about

it.” He laughed nervously.

[PaTiENT:] “All that’s fine, doctor. But you still don’t understand. You
see, I actually experience my orgasm in my foot. And therefore it’s
much bigger than it used to be because it’s no longer just confined to

my genitals.”

Maps of the sensory cortex show that sensation from the foot
projects to the cortex immediately adjacent to the region receiv-
ing sensation from the genitals. It is likely that after amputation
of the foot, fibers of the neurons in the genital sensory cortex “in-
vade” or “sprout” into the adjacent region, vacated by the neuron
fibers that originally came from the foot. This neural reorganiza-
tion is similar to another phenomenon reported by Ramachandran
and Blakeslee in which a man with an amputated hand felt his
phantom hand when his face was touched. The hand and face sen-
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sory regions are immediately adjacent to each other in the sensory
cortex.

Orgasm of Specific (Nongenital) Body Parts

A different type of “nongenital orgasm” was described by a young
male colleague of Komisaruk and Whipple (1998). He experienced
these orgasms under the influence of marijuana during self-stimu-
lation of different parts of the body.

Nose Orgasm. Stimulation was applied using an electric vibrator held
in place against the tip of the nose. A buildup of intensity of irritating
sensation was described. The imagery evoked was described as start-
ing as a small point of light then approaching closer and closer, getting
brighter and larger, as if flying directly into the face. At the moment
when the irritating sensation was unbearably intense, which was just
before “collision” of the bright light against the face, a sneeze oc-

curred, “blowing away” the light.

Knee Orgasm. With the vibrator stimulating the knee, the quadriceps
(extensor) muscle of the thigh increased in tension, while simultane-
ously, the image observed was of an increasingly immense panoramic
scene of thousands of troops and artillery. At the reported orgasmic
moment, the leg gave an extensor kick, every single element in the
panorama made a simultaneous forward move, and a simultaneous

forceful grunt was emitted.

Penile Orgasm. When the vibrator was applied to the tip of the penis,
an image of an ocean liner appeared in the distance, being raised from
the depths of the ocean by an uplifted hand. A great effort, perceived
as a growing tension in the postural muscles of the trunk and limbs,
was mobilized in which the hand was raising the increasingly mas-
sive ocean liner. The ocean liner then burst forth into the sunlight in a

fountain of spray at which moment, peak muscle contraction, actual
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ejaculation, and laughter all erupted simultaneously. This last orgasm
was a genital orgasm, but stated in the same context as the nose and
knee orgasms. It had the same qualities of imagery, and muscle tension
appropriate to the imagery, as did the other types of orgasms, except
it was in the genital system and included the visceromotor response
of ejaculation. Stated alternatively, it was similar in form to the non-
genital orgasms, but it was a genital orgasm. This description indicates
that there was coherence among somatic, visceral, and cognitive activ-

ity leading up to the orgasmic moment.

The effects of the marijuana may have been to break down the
inhibitory pathways that normally separate waking from dream
imagery, thereby revealing associations that may otherwise occur
only in dreams, hallucinations, synesthesia (the [con]fusing of two
different senses, e.g., “tasting shapes” [Cytowic, 1998]), psycho-
sis, and other altered states of consciousness. The orgasms, while
markedly different from each other, were all described as mani-
festing dreamlike imagery that was related in an understandable
way to the function of the specific body part that was stimulated
and expressed the orgasm. In each of the three types of orgasms
described above, each component—skeletal motor, respiratory,
and cognitive—while unique in its own “currency,” was coher-
ent with each of the others. Invariably, explosive respiratory activ-
ity (sneeze, grunt, laugh) accompanied each orgasm. Each orgasm
built in a coherent, comprehensible (though dreamlike) crescendo
of excitation, culminating in a synchronous climax that was de-
scribed as pleasurable.

Apparently, just as pain is not restricted to any one part of the
body, neither is pleasure. A characteristic of orgasmic pleasure,
the perception of the body’s explosive muscular expression, can be
perceived not only in the genital system but also in the respiratory
system and other body systems (Komisaruk & Whipple, 1998).
Thus, it seems that while the genital system is particularly well-
organized to mediate the orgasmic process, other body systems
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evidently manifest at least some of the same properties and, con-
sequently, under appropriate stimulus conditions and sensitization
may exhibit comparable activity.

The mental state that occurs during orgasm has been described
as an “altered state of consciousness” (Davidson, 1980) that may
lead to a state of tranquility and deep unconsciousness, to which
the French have attributed the name “le petit mort,” the little death.
Despite anecdotal reports and common jokes about people (espe-
cially men) dropping off to sleep shortly after sexual intercourse
and orgasm, the sleepiness-inducing effect of orgasm, and in some
women and men the opposite effect of orgasm—hyperalertness—a
literature search revealed only one laboratory research study that
had actually addressed the issue. Suzanne Brissette and colleagues
reported in 1985 in the journal Biological Psychiatry that, in a
study of five men and five women in which researchers compared
three conditions—masturbation to orgasm with a latency of about
15 minutes, masturbation for 15 minutes while intentionally re-
fraining from orgasm, and reading a newspaper for 15 minutes
—there was no significant difference in latency to fall asleep, du-
ration of sleep, or duration of various stages of sleep among the
conditions. Many disruptive factors could account for the lack of
difference in their study—e.g., the laboratory setting, the fact that
an investigator entered the room after every 15-minute period in
order to remove an anal probe that was used to obtain objective
evidence of orgasmic muscular contractions, the presence of EEG
electrodes to measure sleep, the possible sleep-inducing effect of
reading a newspaper, the combining of the data for the men and
the women, and the absence of the personal physical and emo-
tional interaction factors inherent in sexual intercourse. Thus, in
the present state of knowledge of any connection between orgasm
and sleep, anecdotal reports appear to characterize reality better
than the existing scientific research.

The altered state of consciousness that may occur during orgasm
has characteristics that are similar to epileptic aura and seizure. In-
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deed, as described above, there are reports of men and women with
epilepsy experiencing feelings of orgasm during epileptic attacks. It
is of interest that the part of the brain involved in epileptic attacks
may include the specifically genital sensory projection sites, but
more often it does not involve these sites. When it does, individu-
als report genital sensations during orgasm, but when it does not,
individuals say they have had orgasms but no particular genital
sensations. Evidently, nongenital orgasm is not an oxymoron.



The Genital-Brain Connection

Speciﬁc parts of the genitals send their sensory signals to
the brain via specific nerves. This helps to explain the
different quality of orgasms that result from clitoral, vagi-
nal, or cervical stimulation and the different quality of sen-
sations produced by penile, testicular, or anal stimulation.
In this chapter, we describe the division of labor among the
different genital sensory nerves and the sensations experi-
enced when they are stimulated.

Sensations Conveyed by the Genital Nerves

The division of labor among the genital sensory nerves in fe-
males is generally considered to be among the hypogastric,
pelvic, and pudendal nerves. The hypogastric nerves con-
vey sensory activity from the uterus and cervix in women
(Bonica, 1967; Netter, 1986; Giuliano & Julia-Guilloteau,
200635 Hoyt, 2006) and in rats (Peters, Kristal & Komisa-

20
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ruk, 1987; Berkley et al., 1990). The pelvic nerves convey sensory
activity from the cervix and vagina in women (Netter, 1986) and, as
well as from the midline perigenital skin, in rats (Komisaruk, Adler
& Hutchison, 1972; Peters, Kristal & Komisaruk, 1987; Berkley et
al., 1990). And the pudendal nerves convey sensory activity from
the clitoris in women (Netter, 1986; Giuliano & Julia-Guilloteau,
2006) and, as well as from the perigenital skin, in rats (Peters,
Kristal & Komisaruk, 1987). The pudendal and pelvic nerves enter
the spinal cord at the upper sacral level, S2 to S4 (Netter, 1986)
and lower lumbar level (Ding et al., 1999). The hypogastric nerves
travel in the sympathetic chain and enter the spinal cord at the
thoracic level, Tro to T12 (Bonica, 1967; Netter, 1986; Giuliano
& Julia-Guilloteau, 2006; Hoyt, 2006). (The sympathetic chain
is a series of autonomic ganglia resembling two strings of pearls,
each lying alongside the vertebral column, outside the spinal cord.)
There are minor species differences among humans, monkeys, cats,
and rats in terms of the precise location in the spinal cord where
these nerves enter, but the basic pattern is very similar.

More recent research suggests that a fourth pair of nerves—the
vagus nerves—also conveys sensory activity from the cervix and
uterus in the laboratory rat (Ortega-Villalobos et al., 1990; Col-
lins et al., 1999) and the cervix in women (Komisaruk, Whipple,
Crawford, et al., 2004).

In males, the pudendal nerves convey sensory activity from the
penile skin and scrotum, and the hypogastric nerves convey sen-
sory activity from the testes. Injury to the pudendal and cavern-
ous nerves leading to symptoms of penile numbness or hypesthesia
(lowered sensitivity) and erectile dysfunction was reported in 13
to 22 percent of men participating in a §40-kilometer bicycle race,
some symptoms persisting for up to eight months (Andersen &
Bovim, 1997).

Testicular pain sense—a “severe aching and nauseating pain . . .
provoked when the normal testis is squeezed”—is conveyed by the
hypogastric nerves. The evidence for this is that there is 7o dimi-



SENSORY FIELD NERVE

Simplified schema of the nerves that
convey sensation from the female genital
system.The sensory field is the portion of
the genital system that is supplied by the
nerves shown connected to it by lines. For
example, sensation from the cervix is con-
veyed via the pelvic, hypogastric, and vagus
nerves.And the pelvic nerves convey sen-
sation from the perigenital skin (which in-

cludes the perineal skin), vagina, and cervix.

nution in testicular pain sense after complete injury of the spinal
cord at the sacral level, in the conus medullaris (the end region of
the spinal cord) (Hyndman & Wolkin, 1943), injury that would
prevent sensory activity from entering the spinal cord via the pel-
vic and pudendal nerves. The hypogastric nerves enter the spinal
cord at Tro to T12, passing through the sympathetic chain and
consequently bypassing the sacral level of the spinal cord, as in
women.

In the spinal cord, testicular pain sense is conveyed to the brain
via the spinothalamic tract, which originates in the spinal cord and
projects to the thalamus, which in turn projects to the cerebral cor-
tex. If this tract is cut surgically, the pain is abolished. This surgical
procedure, termed “chordotomy,” also affects orgasm. From their
experience with spinal cord surgery, Hyndman and Wolkin (1943)
claimed that “based on 5§ men and 4 women, bilateral anterior
chordotomy is almost certain to abolish erection and orgasm in
the male and orgasm in the female. The desire for intercourse is
not abolished, but the ability of the male to carry out the sexual
act is most likely to be lost.” More precisely, in men, “it appears
that the tracts which subserve the function of psychologically con-
trolled erection and the sensation which accompanies orgasm do
not reside in the anterior column, but are probably located close to
the gray matter in the anterolateral column [nerve fiber pathways
in the spinal cord that convey impulses between the genitals and
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brain] ... In women, menstruation was not impaired after any type
of anterior chordotomy” (an anterior chordotomy cuts the nerve
fiber pathways in the spinal cord closest to the forward-facing part
of the body).

Based on the findings in a patient (case 2) who had a chordotomy
restricted to the more lateral regions of the spinal cord, Hyndman
and Wolkin (1943) concluded that “it also appears, with special
reference to case 2, that the sensation which accompanies orgasm
is not a modality of pain or temperature sense, and certainly not
a modality of touch sense. It is probably a specialized sensation,
mediated by fibers localized deep toward the center of the cord in
the anterolateral column . . . The sensation of orgasm . . . appears
to be a special sense, not mediated by the spinothalamic tract.”

Locating the Most Sensitive Genital Areas

While “erogenous zones” are highly individualistic, the relative
sensitivity of different genital regions is more generalizable. Perry
and Whipple (1981) found that the anterior wall of the vagina—
the region near the 12 o’clock position, with the woman lying on
her back—was most sensitive to mechanical stimulation. They
found that stimulating deep-lying tissue that surrounds the ure-
thra by pressing against the internal vaginal surface with a “come
here” motion was most likely to produce orgasm. They named the
region the “G spot,” after gynecologist Ernst Grifenberg, M.D.,
who described a “distinct erotogenic zone” in women in the ante-
rior vaginal wall along the urethra that swells on sexual stimula-
tion (Grafenberg, 1950). By contrast, stimulation of the posterior
wall, near the 6 o’clock position, was least likely to elicit orgasm.
In a separate set of experiments on suppression of pain, mechanical
stimulation of the anterior wall of the vagina was more effective in
suppressing experimentally induced pain (measured at the fingers)
than was stimulation of the posterior wall (Whipple & Komisaruk,

1985).
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In a publication describing procedures used to perform a study
of sensitivity of vaginal regions in women, Heli Alzate, professor
of sexology at Caldas University School of Medicine in Maniza-
les, Colombia, made the following delicate comment: “The paid
subjects were recruited in Manizales through the good offices of a
madam with whom one of the authors (HA) is acquainted.” Alzate
and Londono (1984) described their findings as follows:

Among 48 women, 94 percent reported vaginal erotic sensitivity.
Among 30 women tested who experienced orgasm or came close to
orgasm, 73 percent showed maximal response to stimulation of the
upper half of the anterior vaginal wall, 27 percent had maximal re-
sponse to stimulation of the lower half of the anterior vaginal wall. In
30 percent another zone whose stimulation could elicit an orgasmic
response was in the lower half of the posterior vaginal wall (some sub-
jects showed more than one zone of maximal response). Very few re-

ported a pleasant sensation on the cervix or posterior vaginal fornix.

In contrast, in a study of more than 20 women with or with-
out complete spinal cord injury, the women used a specially de-
signed stimulator to apply mechanical pressure directly to the cer-
vix via a stimulator rod attached to a diaphragm fitted to the cervix
(Komisaruk, Gerdes & Whipple, 1997). Most of the women re-
ported feeling the stimulus. The investigators were able to measure
the women’s threshold of sensitivity to the pressure. Some of the
women with complete spinal cord injury could feel the stimulation
of the cervix, although they were less sensitive to the stimulation
than noninjured women. Two of the women (without spinal cord
injury) stated that when they pulled the stimulator outward, away
from the cervix, the suction generated by the diaphragm against
the cervix felt unusual and pleasurable.

Consistent with this description of pleasurable response to cer-
vical stimulation, Cutler et al. (2000) found that 35 percent of
128 healthy women reported experiencing orgasm from penile
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stimulation of the cervix during sexual intercourse. MRI (mag-
netic resonance imaging) images of penile contact with the cervix
are shown in the study by Faix et al. (2002). Alzate, Useche, and
Villegas (1989) reported that in response to digital stimulation of
the vagina by the examiner, 8 of 8 women experienced orgasm
from stimulation of the anterior wall, whereas only 2 of the 8 ex-
perienced orgasm from stimulation of the posterior wall. In Cutler
et al.’s study (2000), 63 percent of the women said they experi-
enced orgasm from vaginal stimulation, and 94 percent said they
experienced orgasm from clitoral stimulation. The clitoris has been
characterized as the “most densely innervated part of the human
body” (Crouch et al., 2004).

Using a different method of measurement—mild electrical stimu-
lation at different intensities—Weijmar Schultz et al. (1989) tested
the sensitivity of different regions of the vagina. They designated
the most anterior region of the vagina (the region closest to the cli-
toris) 12 o’clock and the region closest to the anus 6 o’clock. They
found that the 12 o’clock region of the vagina was the most sen-
sitive. All the internal vaginal areas around the “clock” were less
sensitive than the clitoris. The clitoris had slightly greater sensitiv-
ity than the labia minora. The labia majora were slightly more sen-
sitive than the clitoris and labia minora. The abdominal skin and
back of the hand were more sensitive than all these genital regions.
A particular type of sensory receptor, Pacinian corpuscles, which
are specialized to respond to pressure and vibration, are present in
larger numbers in the clitoris and prepuce than in the labia minora
(Krantz, 1958).

The Basis for Regional Differences in Vaginal Sensitivity

Another type of nerve ending, the Merkel receptors, which are spe-
cialized for responding to steady pressure, is found in the vaginal
introitus region (the vaginal region near the entrance) but not in
other regions of the vagina (Hilliges et al., 1995). In that region,



The nerve supply of the female genital system. Note the dense nerve supply of the labia, va-
gina, and clitoris. The nerves are especially concentrated to form the white disc at the head of
the clitoris. It has been claimed that the clitoris has the densest nerve supply in the body. The
paired pudendal nerves supply the clitoris and labia, and are seen coursing along the front sur-
face of the pelvis. The paired pelvic nerves supply the vagina and course parallel to the puden-
dal nerves. The paired hypogastric nerves form a netlike structure between the uterus and the
spine. The paired vagus nerves are not shown. (Image courtesy of Anatomical Travelogue)

researchers found a clear difference in innervation of the deep (sub-
mucosal) tissue layer of the vagina. The connective tissue of the
anterior wall is richly innervated, by contrast with the posterior
wall, which is more sparsely innervated.
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Krantz (1958) described an unusual wavy pattern of nerve fibers
in the vaginal adventitia (the connective tissue covering of the va-
gina in the abdominal cavity) and in the vaginal musculature. He
suggested that the wavy pattern could provide a means by which
the nerve endings adapt to the extreme distortion during labor
and delivery. He extended his speculation further by stating, “It is
conceivable that should the pattern become distorted sufficiently,
one may have a partial explanation for some of the bizarre sexual
patterns seen in some human beings.” We wonder what he had in
mind.

The sensitivity of the genitals is modified by ovarian hormones.
As was first shown by Salmon and Geist (1943), systemic adminis-
tration of testosterone to women whose ovaries and adrenals had
been surgically removed increased the sensitivity of the skin sur-
rounding the vagina. Other research found that estrogen adminis-
tration to the laboratory rat increased the area of skin surround-
ing the clitoris and vagina where gentle mechanical stimulation
could elicit responses recorded from the pudendal nerve, which
conveys those impulses (Komisaruk, Adler & Hutchison, 1972).
In other words, estrogen increased the “sensory field” of the pu-
dendal nerve. Others found that estrogen treatment increased the
sensitivity of this sensory field (Kow & Pfaff, 1973—74). This is a
rapid, hormonally based change: the change in size and sensitiv-
ity of the sensory field was found to occur within just two days of
the four-day ovarian cycle of the laboratory rat (Adler, Davis &
Komisaruk, 1977). Subsequently, again in the laboratory rat, the
sensitivity of the vaginal sensory field was shown to vary with the
estrous cycle (Bradshaw & Berkley, 2000).

The Hysterectomy Controversy

There is significant and continuing controversy regarding the effect
of hysterectomy on sexual response. A recent study in the United
Kingdom was based on a questionnaire sent to women five years
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after they had been treated surgically for “dysfunctional uterine
bleeding.” Of the more than 8,900 women who responded to
questions relating to their psychosexual function, more women
who had total hysterectomy reported having “bothersome psycho-
sexual function [i.e., loss of interest in sex, difficulty in becoming
sexually excited, and vaginal dryness| than did the women who
had a less invasive operation [e.g., transcervical endometrial re-
section/ablation or subtotal hysterectomy with and without bilat-
eral oophorectomy (removal of the ovaries)]. Hormone therapy,
although related to surgical method, did not reduce this long-term
detrimental effect. The odds [of experiencing a detrimental effect
of hysterectomy] were particularly high amongst women with con-
current bilateral oophorectomy” (McPherson et al., 2005).

In another recent study, measurement of vaginal and clitoral
sensitivity three months after, compared with immediately before,
hysterectomy showed a small but significant reduction in sensitivity
to cold and warm stimuli at the anterior and posterior vaginal wall,
whereas clitoral sensitivity was not affected. Three of 22 women
tested reported a reduction in libido (Lowenstein et al., 2005).

By contrast, a questionnaire study of 400 women within three
years of hysterectomy of various types, including total abdomi-
nal (removal of uterus and cervix) and supracervical (removal of
uterus, sparing the cervix), concluded that “responses that per-
tained to libido, sexual activity, or feelings of femininity did not
reveal significant changes” from prehysterectomy levels (Roussis
et al., 2004). A similar conclusion was reached by Farrell and Kie-
ser (2000), who reviewed eighteen reports in the literature. They
concluded that while the “outcome measures were usually not vali-
dated and most studies did not consider important confounding
factors . . . Most studies in this review showed either no change
or an enhancement of sexuality in women who had a hysterec-
tomy.”

Part of the controversy is probably based on the great variabil-
ity of critical factors, such as the conditions preceding the surgery
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(e.g., benign or malignant tissue), the presenting symptoms (e.g.,
pain), the surgical method (including the degree of nerve sparing),
the extent of the surgery (whether the cervix and/or ovaries are
removed in combination with the uterus), the psychological state
of the woman pre- and postsurgery (e.g., whether depressed), the
woman’s physiological status (pre- or postmenopausal), and the
nature of the data collected (type of questionnaires administered).

A recent extensive review of the literature concluded that “the
research on the effect of hysterectomy that has been performed
to date is not conclusive” (Maas, Weijengorg & ter Kuile, 2003).
These authors pointed out that while a majority of women report
an improvement of sexual functioning after hysterectomy, this may
result from the relief of symptoms (such as vaginal bleeding and
dyspareunia [pain during sexual intercourse]) from the diseased
uterus. They also pointed out that “a minority of women reported
development of sexual dysfunctions as a result of hysterectomy”
and concluded that much more research is needed to clarify the
issue of the effect of hysterectomy on sexual response—a position
with which we agree.

Vaginocervical Inhibitory Reflex

Komisaruk and Larsson (1971) identified a powerful inhibitory
genital reflex in female rats—a response to vaginal or cervical
mechanostimulation. When a probe, such as a plunger from a 1-
milliliter syringe, is inserted into the vagina and pressed gently
against the cervix, with a force equivalent to as little as 50 to 100
grams, the rats become immobilized, with their legs rigidly ex-
tended and their abdominal muscles tensed. The immobilization is
so strong that the rats can be slid, stiff-legged, across the table, and
they do not walk away from the probe. And the immobilization is
so potent that the rats can be turned upside down onto their backs
during the stimulation, and they do not right themselves for 30 sec-
onds or more (normally they would right themselves in a fraction



236 THE SCIENCE OF ORGASM

of a second). If the strength of the immobilization is challenged by
pinching a hind paw or the tail with toothed forceps, the normally
immediate leg withdrawal response is completely blocked.

The immobilization extends throughout the body, although it
is most pronounced at the hind legs and tail. The front leg with-
drawal response to front paw pinch is strongly inhibited, but not
totally blocked, by the vaginocervical stimulation. The eyeblink
response to a thread touched gently to the cornea is strongly at-
tenuated, if not completely blocked, as is the facial twitch response
to pinching an ear. This is a true inhibitory spinal reflex. If the
spinal cord is completely interrupted surgically at the midthoracic
level, the rat loses the ability to locomote with its hind legs but
still shows reflex withdrawal of the hind legs when the hind paw
is pinched. However, vaginocervical stimulation completely blocks
the leg withdrawal response to the hind paw pinch. This demon-
strates that the inhibitory response to the vaginocervical stimula-
tion is intrinsic to the spinal cord and does not require mediation
by the brain. However, the response to vaginocervical stimulation
does also involve the brain, because the cranial nerve reflexes, such
as eyeblink and the facial twitch response to ear pinch, are also at-
tenuated by the stimulation (Komisaruk & Larsson, 1971).

We believe that the leg extension—immobilization response to
vaginocervical stimulation may be a normal response by the female
rat during mating and parturition. During mating, the female rat
stands rigidly still, extending the hind legs, elevating the rump, di-
verting the tail, and exposing the vaginal opening while the male
mounts and intromits the penis. This further stimulates the inten-
sity of rump elevation by the female. This mating posture (lordosis)
is repeated, interspersed with episodes of the female darting away
and stopping again, allowing the male to mount again, approxi-
mately eight times within several minutes, until the male ejaculates.
Thus, the leg extension and immobilization are normal elements of
the mating posture.

The leg extension, immobilization, and abdominal muscle tens-
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ing also occur during parturition, which is the other occasion when
the female rat receives vaginocervical mechanical stimulation natu-
rally. In addition, cervical stimulation in the rat produces a relax-
ation of the circumvaginal muscles, further facilitating expulsion
of the fetuses (Martinez-Gomez et al., 1992). The leg extension
seems to mechanically facilitate the emergence of the pups from
the vagina. The abdominal muscle tensing enables parturition to
occur; this is evidenced by the finding that blockage of vaginocer-
vical stimulation-induced muscle contraction by cutting the pelvic
nerves, which comprise the main vaginocervical sensory pathway
(e.g., Komisaruk, Adler & Hutchison, 1972), prevents delivery of
the pups (Higuchi et al., 1987).

A similar inhibitory effect occurs in women. In laboratory stud-
ies, vaginal self-stimulation inhibits leg withdrawal to toe pinch
(Komisaruk, Whipple, and colleagues, unpublished observations).

Orgasm Is Not a Reflex

We believe that the potent effect of the vaginocervical stimulation
in extending throughout the body is indicative of its “hard-wired”
access to widespread populations of neurons. Genital stimulation
can thus recruit these neuron populations and intensely stimulate
the many voluntary and involuntary muscle groups that partici-
pate in the orgasmic response. The rhythmical, repetitive genital
stimulation that characterizes sexual intercourse recruits the large
populations of neurons in the brain into greater and greater levels
of activity, generating the climactic characteristics of orgasm.

It should be emphasized that although the contractions of in-
voluntary (smooth) muscle (e.g., in ejaculation or uterine contrac-
tions) and voluntary (striated) muscle (e.g., of the pelvic floor) that
occur during orgasm can be elicited reflexively when the spinal
cord is separated from the brain, it does not follow that orgasm is
a reflex—contrary to what some have claimed. It would seem self-
evident that orgasm is a perception, a function of activity occur-
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ring in the brain. The sensory activity generated by genital stimula-
tion reflexively activates orgasmic muscular contractions, and the
sensory activity generated by the muscular contractions creates a
“positive feedback”—a cyclically building cascade of sensory stim-
ulation that adds to the pleasurable qualities of orgasm. The mus-
cular events by themselves do not generate orgasm unless and until
the sensory activity they generate gains access to and is perceived
by the brain.

The Contribution of Oxytocin to Orgasm

Although the literature is not clear on whether injection of the
neurohormone oxytocin intensifies orgasm in women, sexual re-
ceptivity is intensified by administration of oxytocin in female rats
(Moody et al., 1994). In rats, mechanical stimulation of the va-
gina and cervix induces sexual receptivity in otherwise unreceptive
females (Rodriguez-Sierra, Crowley & Komisaruk, 1975). Since
oxytocin stimulates vaginal, cervical, and uterine contractions by
stimulating the smooth muscle of these organs, it is possible that
the sensory stimulation emanating from these organs as a conse-
quence of their muscle contraction mimics the receptivity-stimulat-
ing effect of direct mechanical stimulation. Researchers found that
cutting the nerves that convey sensory activity from the vagina,
cervix, and uterus (i.e., the pelvic and hypogastric nerves) abol-
ished the receptivity-stimulating effect of injected oxytocin. This
finding supports the hypothesis that, rather than acting directly
on the brain or spinal cord, oxytocin intensifies sexual receptiv-
ity by stimulating the contraction of vaginal, cervical, and uterine
smooth muscles, thereby generating sensory stimulation (Moody
et al., 1994). There are inconsistent reports as to whether injection
of oxytocin increases the perceived intensity of orgasm in women.
It is possible that increased sensory activity resulting from oxyto-
cin-induced contraction of these genital smooth muscles may gen-
erate contractions of voluntary muscles of the pelvic floor, much
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as vaginocervical stimulation induces contractions of abdominal
muscles. In this case, the contraction of pelvic floor muscles, as
pointed out by Messe and Geer (1985), could contribute to the
feeling of pleasure during intercourse.

The basic concept in this model of oxytocin action is that of
“reafference.” That is, the initial vaginal sensory stimulation (“af-
ference”) leads to intensified activity, such as by releasing oxytocin
that intensifies smooth muscle contraction in the genital tract or
voluntary muscle contraction, or both, which in turn generates
increased sensory input from these muscles (“reafference”); the in-
tensified afferent activity then intensifies the pleasurable feeling of
orgasm.



Orgasms after Brain Surgery

or Brain Damage

e tend to think of brain activity as “turning on” be-

havior, but equally important is the role of brain ac-
tivity in “braking” behavior. In the course of brain surgery
performed to treat various conditions, depending on the
brain regions cut or removed, components of sexual behav-
ior may be inhibited (by damage to a normally stimulatory
region) or exacerbated, or “disinhibited” (by damage to a
normally inhibitory region). Here we describe several types
of brain surgery that have been performed and their effects
on sexual behavior.

Frontal Lobotomy

The most extensive and controversial series of human
brain-lesioning procedures (known as “psychosurgery”)

21
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was carried out by the team of Walter Freeman and James W.
Watts. They performed more than 550 “frontal lobotomies” in
the 1930s and 1940s, mainly for the treatment of schizophrenia
and psychosis, and were eventually “personally involved with
3,500 lobotomized patients” (Freeman, 1971). They “endeavored
to find the best plane of section that would give the patient relief
from his emotional turmoil while at the same time leaving him
with enough frontal connections to restore him to useful activity.”
The best plane was deemed to be the transorbital (through the
eye socket!). This allowed the patient to leave the hospital within
two days, with no wounds to dress and a minimum of complica-
tions, both surgical and social. Freeman described the rationale for
the procedure rather sardonically: “Performed during the stage of
coma after electroconvulsive shock, it proved to be the ideal op-
eration for use in crowded state mental hospitals with a shortage
of everything except patients.” In this 1973 publication, nothing
at all was stated about the sexuality of the patients after or before
the psychosurgery, but other Freeman and Watts publications did
describe some effects, though with sparse detail.

In an extensive review of the function of the frontal lobes, pub-
lished in 1953, Frank Ervin characterized the personality changes
following frontal lobotomy in patients with psychosis: “slight im-
pairment in ability to generalize, a tendency to perseverate, eupho-
ria, apathy, procrastination, facetiousness, temper outbursts and
distractability, impaired judgement, lack of planning for the future,
and loss of creative imagination.” However, he made no reference
to changes in sexuality after frontal lobotomy.

In a “final report of 500 Freeman and Watts [frontal lobotomy]
patients who were followed for 1o to 20 years,” Freeman (1958)
characterized the failures as “personality alteration . . . Lack of the
sense of responsibility, boisterous laughter, rudeness and unpro-
ductive restlessness.” He characterized the personality of the “suc-
cesses” after the surgery as perhaps being “a bit on the ‘routine’
side but endowed with enough energy and imagination to make an
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adequate adjustment in their social lives.” However, in this report
he made no comment whatsoever about the sexuality of any of the
§o0 patients.

In their book published in 1950, Freeman and Watts character-
ized the effects of their frontal lobotomy surgery as follows: “Par-
tial separation of the frontal lobes from the rest of the brain results
in reduction of disagreeable self-consciousness, abolition of obses-
sive thinking, and satisfaction with performance, even though the
performance is inferior in quality.” They quoted Harvey Cushing’s
comment on a patient in whom he had separated the right frontal
lobe from the rest of the brain to remove a tumor: “The ‘defron-
talized’ dement, deprived of one of the principal centers of psychic
life, recovers his equilibrium at the price of intellectual impoverish-
ment, but it is better for him to have a simplified intellect, capable
of elementary acts, than an intellect where reigns the disorder of
subtle syntheses. Society can accommodate itself to the most hum-
ble laborer, but it justifiably distrusts the mad thinker” (Freeman
& Watts, 1950).

McKenzie and Proctor (1946) noted increased sexuality in some
25 percent of their patients who had undergone frontal lobotomy.
Freeman and Watts (1950) commented that “sexual behavior in
the majority of cases does not seem to undergo any great alteration
following prefrontal lobotomy.” They did, however, describe some
of their postsurgery patients in whom sexuality was affected:

[Case 29: After the frontal lobotomy surgery| he would slap the nurse
on the rump every time she got within reach . . . When he was chided
for this he did not seem to be upset but rather to understand that it
was something that we all disapproved of. Nevertheless, he said, “Why
shouldn’t I do it? I like to.” On another occasion, when again chided
about this act that was giving him a bad reputation among the nurses,
he did not seem particularly abashed about it and more or less refused

to accept responsibility.
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[Case 42: Before the frontal lobotomy surgery] when her husband
came into the room or if she heard his voice—sometimes when she
merely thought of him—there would be a surge of emotion . . . After
operation the patient reported that her husband could come and go
without causing her heart to flutter . . . and that her affection for him

was just as deep, only possibly somewhat calmer.

[Case 61:] A young woman of vivacious temperament had experienced
no sexual pleasure with her husband during eleven years of married
life . . . On the same evening after operation she began kissing her hus-

band passionately.

In summing up our observations on the relation of prefrontal lobot-
omy to sexual activity, it is our impression that in this respect, as well
as in many others, there is an alteration in the many conflicting ten-
dencies that were present before operation. It would seem that the
postoperative inertia manifested by some patients reduces the tendency
of the individual to seek sexual gratification. On the other hand, the
suppression of the restraining forces may lead to a freer expression of

the personality along sexual lines.

Freeman and Watts (1950) offered some bold advice to the wives
of men who might get too frisky as a result of their lobotomy pro-
cedure (we can’t quite tell whether, in places, they were serious or
were displaying 19508’ medical humor):

Increase in sexual appetite and performance is a common phenomenon
after prefrontal lobotomy and may continue for several months. It is
apt to be at a somewhat immature level in that the patient seeks sexual
gratification without particularly thinking out a plan of procedure.
The freedom from conflict in some cases makes for renewed delight.
Sometimes the wife has to put up with exaggerated attention on the

part of her husband, even at inconvenient times and under circum-
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stances when she may be embarrassed, and sometimes it develops into
a ticklish situation. Patients may complain that their wives are no lon-
ger affectionate. This is easily understandable. A woman who has been
the target of her husband’s criticism all day long may well be excused
for avoiding his embraces when bedtime comes, particularly since the
sexual act is carried out only for his own gratification. Refusal, how-
ever, has led to one savage beating that we know of (Case 43), and to
several separations. Physical self-defense is probably the best tactic for
the woman. Her husband may have regressed to the cave-man level,
and she owes it to him to be responsive at the cave-woman level. It
may not be agreeable at first, but she will soon find it exhilarating if

unconventional.

Overall, rather pleased with their results, Freeman and Watts
(1950) conclude: “We are quite happy about these folks, and al-
though the families may have their trials and tribulations because
of indolence and lack of cooperation, nevertheless when it comes
right down to the question of such domestic invalidism as against
the type of raving maniac that was operated on, the results could
hardly be called anything but good.”

Limbic System Surgery

There are reports of “hypersexuality” produced by brain damage.
The basis for the hypersexuality may be a combination of loss of
discrimination of appropriate sexual objects, loss of social inhibi-
tions, and increased sexual desire.

The classic example of hypersexuality as a syndrome was de-
scribed by Kluver and Bucy and later named (by others) the Kluver-
Bucy syndrome. They observed the syndrome in rhesus monkeys
that had undergone surgical removal of the temporal lobes, includ-
ing the amygdala, on both sides of the forebrain (Bucy & Kluver,
1955). They characterized the effects of this surgery as follows:
“(1) forms of behavior indicative of an agnosia [inability to recog-
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nize or comprehend] in various sense fields [they also referred to
this as Seelenblindbeit (‘psychic blindness>—e.g., a lesioned mon-
key handling a snake, of which it is normally fearful)], (2) strong
oral tendencies, (3) an excessive tendency to attend and react to
every visual stimulus, (4) profound changes in emotional behavior,
(5) striking changes in sexual behavior, particularly in the form of
hypersexed behavior, and (6) changes in dietary habits (e.g., eat-
ing of meat).” The “hypersexed” behavior included attempts at
mating with animals of other species and inanimate objects and
frequent masturbation.

Other investigators later observed similar effects of experimental
lesions in or removal of the same brain region. The temporal lobe
includes several different identifiable brain regions—including the
pyriform cortex, the amygdala, and the hippocampus. Since these
brain divisions are contiguous with each other, it is difficult to le-
sion one without encroaching on others. Consequently, there are
some inconsistencies among the studies, especially among the dif-
ferent species used—rabbits, cats, and humans.

Schreiner and Kling (1953) observed aberrant sexual behavior
in cats after lesioning of the amygdala and parts of the temporal
lobe and hippocampus; male cats attempted to copulate with in-
appropriate species (hen, dog, and monkey). In other experiments
on cats, J. D. Green, Clemente, and DeGroot (1957) observed
what they termed “abnormal sexuality” rather than “hypersexu-
ality” in males with lesions to the pyriform cortex, which overlies
the amygdala. Some of these cats had no detectable injury to the
amygdala. The lesioned male cats attempted copulation with “rats,
guinea pigs, rabbits, teddy bears, anesthetized animals and even
humans.” The authors decided to euthanize one cat that showed
repeated generalized seizures. “Accordingly, while mounted on a
teddy bear, he was given a lethal dose of Nembutal [a barbiturate].
He continued to attempt coitus until he fell off the teddy bear, ap-
parently anesthetized. When an attempt was made to remove the
teddy bear, he aroused sufficiently to remount and continue for
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about 30 seconds, after which he died. Several animals attempted
coitus with the teddy bear for periods of 20 to 45 minutes, only
ceasing from exhaustion.”

Beyer, Yaschine, and Mena (1964) lesioned the brains of female
rabbits in the cortical region similar to that lesioned in cats in the
J. D. Green, Clemente, and DeGroot (1957) study. The lesioned
female rabbits showed male-type mounting behavior when placed
with male rabbits, baby rabbits, cats, and guinea pigs. The rabbits
that had been operated on “persisted in mounting even when vi-
ciously rebuffed by the other animals.” This behavior disappeared
after removal of the ovaries and was restored by estrogen injec-
tions. While male-like mounting behavior was also observed in 7
of 27 intact female rabbits, it lacked the intensity, persistence, and
compulsory character found in the lesioned rabbits, and intact rab-
bits did not mount cats or guinea pigs.

The studies described above were inspired by a report by Terzian
and Dalle Ore (1955) on a 19-year-old man with temporal lobe
epilepsy that was resistant to medication. He had undergone sur-
gical removal of the anterior portion of the temporal lobes, ante-
rior portion of the hippocampus, and the amygdala, all bilaterally.
After the surgery, he showed several manifestations resembling the
Kluver-Bucy syndrome. For example, “He picked up objects . . .
the same object again and again . . . ate at least as much as four
normal persons . . . displayed to the doctor, with satisfaction, that
he had spontaneous erections followed by masturbation and or-
gasm . . . became exhibitionistic . . . wanted to show his sexual or-
gan erect to all doctors . . . [and] showed indifference [to women]
in contrast with his behavior before the operation . . . Homosexual
tendencies . . . were soon noticed . . . [and he practiced] self-abuse
several times a day.”

There are also several reports of hypersexuality in humans after
surgery that encroached on the septal region of the brain. These
cases involved an increase in sex-related activities rather than an
increase in orgasmic activity. For example, Gorman and Cum-
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mings (1992) reported the case of a 75-year-old man living in a
nursing home who developed hydrocephalus (excess fluid in the
brain) and had a shunt placed in his brain to drain the fluid. After
this surgery, there were many reports of the patient approaching
and fondling female patients. He was noted to crawl into bed with
other patients, with sexual intent, and to use sexually explicit lan-
guage. (Before the shunt placement, “he had never been married,
courted very little, and had never used coarse or suggestive lan-
guage.”) In the nursing home, he had to be constantly restrained
to prevent the sexual behavior. After three years he was referred
to Gorman and Cummings, who performed a CT (computerized
tomography) scan and found that the tip of the shunt was lodged
in the septum in the medial aspect of the floor of the lateral ven-
tricles (the hollow inner part of the forebrain), at the junction of
the frontal horns. They treated the patient with carbamazepine
(an antiepileptic), haloperidol (an antipsychotic), propranolol (a
beta-adrenergic blocker), and diethylstilbestrol (a synthetic estro-
gen) for at least one month each, with “no discernible effect on his
sexual behavior.” The investigators made the droll comment: “He
declined shunt revision.”

The same authors reported the case of another 75-year-old man
who developed encephalitis followed by coma (Gorman & Cum-
mings, 1992). He recovered, but developed ventricular enlarge-
ment, necessitating placement of a ventricular-peritoneal shunt (to
drain the fluid from the brain to the abdominal cavity). Before
developing encephalitis, the patient and his wife had had weekly
sexual relations. After recovery from the encephalitis, “he made
sexual comments toward women he encountered in the hospital,
attempted to fondle the nurses, and masturbated publicly. After
discovery of the hydrocephalus and shunt placement, his previ-
ously disinhibited sexual response was markedly increased and
became ‘disgusting’ according to his wife. He became ‘the man
with a thousand hands,” attempting to fondle her each time she
came within reach. He requested intercourse with her many times
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each day and also asked that she have sex with other men while
he watched, an interest never previously expressed.” By the time
Gorman and Cummings assessed him, this excessive sexual interest
had been present for two years. Again, the investigators state: “The
patient refused shunt revision.”

B. L. Miller et al. (1986) noted that “hypersexual behavior fol-
lowing brain injury is uncommon but when seen is often associated
with basal frontal or diencephalic lesions [regions of the forebrain]
. . . patients manifested disinhibited public expression of their in-
creased drive. This sexual disinhibition was often associated with
a general disinhibition of behaviour.” They reported the case of a
39-year-old man in the hospital who publicly masturbated and at-
tempted to have intercourse with his wife and with female nurses
in front of his three roommates. Hemorrhage was found in his
basal frontal areas bilaterally, with involvement of the septal re-
gion. The authors also described cases of lesions in other brain
regions related to socially inappropriate sexual behavior.

A 59-year-old man underwent surgical removal of a subfrontal
meningioma (a tumor in the meninges, the membranes that encap-
sulate the brain) revealed by a CT scan (B. L. Miller et al., 1986).
The authors noted that “after surgery his desire for sexual activity
increased from once per week to 1—4 times per day. Intercourse
frequently lasted longer than 1 hour and he had some difficulty
achieving orgasm . . . Two years after surgery he became increas-
ingly preoccupied with sex and developed a manic syndrome. He
was admitted to hospital where he publicly masturbated and sexu-
ally propositioned both male and female patients and staff (he had
a past history of previous homosexual contacts).”

The same authors described the case of a 34-year-old man with
a glioma (tumor of the glia, which are nonneuronal brain cells) in-
volving the thalamus, hypothalamus, ventral midbrain, and pons
(B. L. Miller et al., 1986). The man began to make sexual pro-
posals to his 7-year-old daughter and her friends, made increas-
ingly more public sexual advances toward young children, and fre-
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quently embarrassed his wife by showing pornographic pictures to
visitors at their home. He was arrested for propositioning children
in his neighborhood.

In the 1970s in Germany, attempts were made to control pe-
dophilia and “sexual delinquency” through the use of unilateral
surgical removal of the ventromedial or medial anterior hypothala-
mus (Dieckmann et al., 1988). The authors described the results of
one such surgical method: “Following a stereotactic ventromedial
hypothalamotomy not only are the dynamic aspects of sexuality,
such as compulsion and impulsivity, diminished, but also organic
components, which have to do with completion of the sex act. In
contrast, the structure of the patient’s sexual organization remains
unchanged: A pedophilic character, for example, is still retained.
However, it is possible for the subject to adapt his sexual behavior
to the specific conceptions and expectations of our society.”

Based on all of these cases, we can conclude that the “higher
functions” of the brain, such as the learning of socially acceptable
behavior, are a complex process involving finely tuned inhibitions.
When the frontal regions are disconnected from the rest of the
brain, that complexity is lost and, with it, the fine tuning of so-
cial graces. Prominently disinhibited is sexual behavior, along with
other complex sociocultural behavior patterns. Perhaps there are
parallels in normal development. These finely tuned sociocultural
patterns are the last to emerge in the developing child, and the first
to be lost in senile dementia. Thus, they are the most complex, and
the most vulnerable, brain functions.



Imaging the Brain during

Sexual Arousal and Orgasm

tarting about two decades ago, two technological

breakthroughs, best known by their acronyms, PET
and fMRI, made it possible to generate pictures of the ac-
tivity in all parts of our brain simultaneously, while we are
awake—something never before possible. This technology
has rapidly surpassed previous methodologies and revolu-
tionized our ability to understand how our brains function
in cognition and behavior.

What fMRI and PET Tell Us

Neuroscientists have used a variety of technologies to pro-
vide insights into the neural basis of orgasm. Each method
has its unique advantages and limitations. Functional brain
imaging such as PET (positron emission tomography) and

22



IMAGING THE BRAIN DURING SEXUAL AROUSAL AND ORGASM 25T

fMRI (functional magnetic resonance imaging) provided the first
evidence of the brain areas involved in naturally induced orgasm
in humans. The advantage of both of these methods is that they
provide a three-dimensional map in awake humans of brain re-
gions that are active during a condition of interest (e.g., vaginocer-
vical self-stimulated orgasm) relative to a control condition (e.g.,
unstimulated resting, or vaginocervical self-stimulation before or
after orgasm). The PET and fMRI methods have an advantage over
EEG (electroencephalography) in that EEG does not provide in-
formation on localized activation deep in the brain. Both PET and
fMRI also have an advantage over the use of implanted electrodes
that record multineuronal action potential (impulse transmission)
activity in that neither fMRI nor PET is invasive into the brain.

The major limitation of the fMRI and PET methods is that rather
than providing a measure of neural activity per se, they measure a
hemodynamic (blood-related) response that is an indirect measure
of neural activity. Typically, in PET, the subject is injected intrave-
nously with water labeled with a radioactive isotope of oxygen,
oxygen-15. Because oxygen-15 has a half-life of only 2 minutes,
it must be prepared in an on-site cyclotron and incorporated into
water in a laboratory next to the room where the subject awaits
the injection and PET. The distribution of radioactivity in the brain
is then mapped in three dimensions by the PET scan. Blood flow
normally increases locally in regions of increased neuronal activity,
so there is a relative increase in the amount of radioactivity (i.e.,
oxygen-15) per unit time in those regions. It is this relative change
that provides the data in this type of PET. Because of the 2-minute
half-life, subsequent injections of labeled water are typically ad-
ministered at 1§-minute intervals (e.g., intervals corresponding to
alternating control and experimental stimulus conditions).

The limitations of the PET method include the need for inva-
sive intravenous injections of radioactivity and the complexity and
temporal constraints of coordinating the on-site production of ox-
ygen-15, immediately using it in the synthesis of water, immedi-
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ately injecting the water intravenously, waiting for the water to be
distributed to the brain, and timing that pulse of radioactivity to
coincide with the orgasm—a rather heroic effort on the part of, at
least, the experimental subject (e.g., Komisaruk, Whipple, Gerdes,
et al., 1997; Komisaruk, Whipple, Crawford, et al., 2002; Whipple
& Komisaruk, 2002). Furthermore, since the region of increased
radioactivity is relatively diffuse, the method is better suited to ex-
periments in which a relatively large brain region is expected to be
involved, such as the neocortex or basal ganglia, rather than much
smaller regions such as specific groups of nuclei in the brainstem.

The fMRI method is also based on the increased blood flow
that supplies neurons when they become active. When the neurons
are more active, they use more oxygen. Two processes result: first,
oxygen is removed from the hemoglobin in the blood that sup-
plies the neurons, and second, there is a compensatory increase in
blood flow to the region, carrying more oxygenated hemoglobin
(oxyhemoglobin) to the neurons (Ogawa et al., 1990). It is likely
that release of local factors by neurons when they become active
relaxes the blood vessels supplying those neurons, thus increasing
the local blood supply. One possible mediator could be nitric ox-
ide, which is released by neurons when they are active and relaxes
the smooth muscle of blood vessels. It is unlikely that dilation of
the blood vessels (vasodilation) is mediated by the innervation of
those vessels, because this would make the system far more com-
plicated. In other words, local vasodilation by substances released
by neurons when they are active seems to be the simplest explana-
tion for the hemodynamic changes measured by fMRI (and PET).
Several studies have shown that while various factors can influence
the fMRI signal, the magnitude of neuronal activity is correlated
with the magnitude of the fMRI signal (for a review, see Arthurs
& Boniface, 2002).

The fMRI method does not use radioactive material, but de-
pends on the difference in magnetization between oxyhemoglo-
bin and deoxyhemoglobin (hemoglobin that has given up its oxy-
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gen). The more active the neurons, the more oxygen they withdraw
from the blood and the more oxygenated blood is resupplied to
that neuronal region. Because the magnetic property of the iron
in the hemoglobin is affected by whether it is combined with or
depleted of oxygen, these two processes—oxygenation and deox-
ygenation—create a perturbation in the local magnetic environ-
ment. This is mapped in three dimensions, providing the data for
the fMRI (Ogawa et al., 1990). The resolution of fMRI is sharper
than that of PET, to the extent that fMRI can map the location of
specific motor and sensory clusters of neurons (i.e., specific cranial
nerve nuclei) in the brainstem that are activated by specific motor
or sensory tasks (Komisaruk, Mosier, et al., 2002).

There are various strategies for analyzing fMRI or PET data, such
as comparing the observed activity in a region to that of other re-
gions concurrently in the same brain “slice” (the plane of the brain
being viewed) or comparing it to activity when sensory stimulation
is not being applied. Another consideration is the type of analytical
strategy to use. One strategy is to start without a prior hypothesis
and analyze where activity in one brain region differs significantly
from activity in another. An alternative strategy is to make an a
priori selection of specific “regions of interest” to be analyzed and
then compare the activity under stimulation and nonstimulation
conditions. A third consideration is where to set the threshold at
which activation is considered significantly greater than in the se-
lected controls. If the threshold is too stringent, areas of activation
will be missed; if it is too low, activity in the “background” will
obscure activity in the specific regions of interest (e.g., Poline et al.,

1997).
Imaging Brain Activity during Arousal and Orgasm
in Women

Komisaruk, Whipple, and colleagues initially used the fMRI method
to test the hypothesis that the vagus nerves convey vaginocervical



A series of fMRI images showing successive “slices’ through the brain from front (lower
right side of each panel) to back (upper left in each panel) of a woman during vagino-
cervical self-stimulation that was continuous for four minutes, before (left panel) and
during (right panel) an orgasm. Regions of brain activation appear as darkened pixels

sensation directly to the brain, by ascertaining whether the nucleus
of the solitary tract (NTS) is activated by vaginocervical stimula-
tion in women with complete interruption of the spinal cord. The
NTS is the brain region in the medulla of the lower brainstem
to which the sensory component of the vagus nerve projects. The
fMRI studies showed that the NTS is activated by this stimulation,
thus supporting the hypothesis. While performing the vaginocer-
vical self-stimulation, some of the women experienced orgasms,



(dots). Note the much greater number of activated pixels, hence activation, throughout
the brain during orgasm than before orgasm. See the text for further details. (Adapted
from Komisaruk, Whipple, Crawford, et al., 2004, with permission from Brain Research)

and fMRI recordings were made before, during, and after orgasm
(Komisaruk, Whipple, Crawford, et al., 2002; Whipple & Komisa-
ruk, 2002; Komisaruk, Whipple, Crawford, et al., 2004; Komisa-
ruk & Whipple, 2005).

The brain regions activated during orgasms induced by vagi-
nocervical self-stimulation include the hypothalamus, the limbic
system (including the amygdala, hippocampus, cingulate cortex,
insular cortex, and the region of the accumbens-bed nucleus of the



Two fMRI images of different regions of the forebrain of a woman
during an orgasm produced by vaginocervical self-stimulation. Some
of the activated pixels have been highlighted and are labeled. See the
text for discussion of the cognitive roles of these brain regions and

stria terminalis—preoptic area), the neocortex (including parietal
and frontal cortices), the basal ganglia (especially putamen), and
the cerebellum, in addition to the lower brainstem (central gray,
mesencephalic reticular formation, and NTS). Differences between
regional activation during orgasm versus before or after orgasm
suggest that areas related to vaginocervical stimulation—induced
orgasm include the paraventricular area of the hypothalamus, the
amygdala, the anterior cingulate region of the limbic cortex, and
the region of the nucleus accumbens (Komisaruk, Whipple, Craw-
ford, et al., 2004).

While there is no evidence of orgasm in female rats, some of the
same-named brain regions become activated during mating or vag-
inocervical stimulation. Thus, using the c-fos immunocytochemi-
cal method (which makes visible a specific protein produced in a
neuron when stimulated) in rats, activation was reported in the
amygdala, paraventricular nucleus of the hypothalamus (PVN),
medial preoptic area, midbrain central gray, and—based on the



their contribution to orgasm. (Adapted from Komisaruk, Whipple,
Crawford, et al., 2004, with permission from Brain Research)

local release of dopamine—the nucleus accumbens (amygdala:
Rowe & Erskine, 1993; Tetel, Getzinger & Blaustein, 1993; Wers-
inger, Baum & Erskine, 1993; Erskine & Hanrahan, 1997; Pfaus
& Heeb, 1997; Veening & Coolen, 1998; PVN: Pfaus & Gorzalka,
1987; Rowe & Erskine, 1993; medial preoptic area: Tetel, Getz-
inger & Blaustein, 1993; Wersinger, Baum & Erskine, 1993; Ers-
kine & Hanrahan, 1997; midbrain central gray: Tetel, Getzinger &
Blaustein, 1993; Pfaus & Heeb, 1997; nucleus accumbens: Pfaus et
al. 1995).

The finding of activation in the region of the PVN (Komisa-
ruk, Whipple, Crawford, et al., 2004) is consistent with reports of
oxytocin release during orgasm. That is, the PVN neurons secrete
oxytocin, which is stored in the posterior pituitary gland (Cross &
Wakerley, 1977). Vaginal or cervical stimulation releases the oxy-
tocin from the posterior pituitary into the general bloodstream—
a response known as the “Ferguson reflex” (J. K. W. Ferguson,
1941)—and orgasm releases the oxytocin into the general blood-



Sequential fMRI images of one “slice” of the forebrain of a woman
during the development of orgasms in response to continuous
vaginocervical self-stimulation. Each “slice” shows the activity in the
brain during a one-minute period. The woman experienced the
orgasms during the last two one-minute periods. Seven forebrain

stream (Carmichael, Humbert, et al., 1987; Carmichael, Warbur-
ton, et al., 1994; Blaicher et al., 1999).

A salient and reliable feature of the brain regions activated dur-
ing orgasm is activation of the cerebellum. The cerebellum regu-
lates muscle tension via the “gamma efferent system” and it re-
ceives proprioceptive information (Netter, 1986). (Proprioceptors
are sensory receptors in muscles and joints.) Mould (1980) empha-
sized the role played by the gamma efferent system in generating
the muscle tension characteristic of orgasm. The cerebellum pro-
vides the main cerebral control of this system. “Orgasm as a total
body response,” Mould stated, “. . . almost certainly necessitates



regions are listed at the left (PVN, paraventricular nucleus of the hypothalamus); a
minus sign indicates that the region was inactive during that minute; a plus sign, that
the region was activated during that minute. A bold plus sign indicates that several
pixels in the region were activated. (Adapted from Komisaruk, Whipple, Crawford, et
al., 2004, with permission from Brain Research)

cerebellar . . . organization and coordination.” Muscle tension
can reach peak levels during orgasm (Masters & Johnson, 1966)
and contribute to sensory pleasure (Komisaruk & Whipple, 1998,
2000). While it is likely that the cerebellum plays a significant mo-
toric (muscle movement) role in orgasm via the gamma efferent
system, it is tempting to speculate that it also plays a significant
perceptual/cognitive-hedonic role.

It is of interest that the insular and anterior cingulate cortices
are active during orgasm, because both of these areas have been re-
ported to be activated during response to pain (Casey, Morrow, et
al., 2001; Bornhovd et al., 2002; Ploner et al., 2002). This suggests
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an interesting local interaction between the regions of the brain
that are activated during both pain and pleasure. Further research
is needed to compare, within the same individual, the brain regions
activated during pleasure with those activated during pain.

The region of the nucleus accumbens is activated during orgasm
(Komisaruk, Whipple, Crawford, et al., 2004). This brain region
also shows fMRI activation during the “rush” induced by an intra-
venous injection of nicotine (Stein et al., 1998). And as measured
by fMRI, activation of the nucleus accumbens in humans occurs
during feelings of euphoria produced by a cocaine “rush” and feel-
ings of craving (Breiter et al., 1997). The fMRI findings during
orgasm suggest a role for the nucleus accumbens in mediating or-
gasmic pleasure in women.

Imaging Non-Sensory-Induced Orgasms

The brain activity observed during vaginocervical self-stimulation
necessarily includes the brain activity that is generating the arm and
hand movements producing the self-stimulation as well as the brain
activity that is the sensory response to the stimulation. Rather than
trying to discount such motor and sensory representation from the
orgasm records, and to obviate making assumptions about which
brain regions to discount, Komisaruk and Whipple (2005) have
studied women who can experience orgasm by thought alone—
without any physical self-stimulation or other form of stimulation.
In an earlier study, they compared the autonomic responses of ten
women who were able to experience orgasm by thought (Whipple,
Ogden & Komisaruk, 1992) under two conditions in each woman:
one during genital self-stimulation-induced orgasm and the other
during thought-induced orgasm. The magnitude of each param-
eter measured—heart rate, blood pressure, pupil dilation, and pain
threshold—approximately doubled during orgasm compared with
the initial resting baseline. The significant increases in these physio-
logical measures occurred during the thought condition as well
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as the physical genital self-stimulation condition. The women de-
scribed the imagery they experienced during the thought-induced
orgasms variously—in some cases erotic, others pastoral, and still
others abstract, such as “energy flow” repeatedly ascending and
descending the body axis.

Preliminary findings from fMRI studies indicated that in thought-
induced orgasms, as in orgasms induced by vaginocervical self-
stimulation, the regions of the nucleus accumbens, PVN, hippo-
campus, and anterior cingulate cortex are activated. This suggests
that activation of these brain regions is rather “specifically” related
to orgasm, in the sense that it is not related to the brain control of
the efferent and the consequent “reafferent” activity that generates
orgasm via hand movement in response to genital self-stimulation.
(Initial stimulation [“afference”] produces intensified contraction
of smooth and/or voluntary muscles, which generates increased
sensory input from these muscles [“reafference”], which intensi-
fies the pleasurable feeling of orgasm.) The amygdala was not ac-
tivated during the thought orgasms, suggesting that it is perhaps
closer to having a genital sensory role in orgasm, while the other
regions activated may be more cognitively related to orgasm.

Other Brain Imaging Studies in Women and Men

Several other studies have imaged the brain during sexual arousal
and orgasm in women and men. It is difficult to derive generaliza-
tions from these studies because their procedures differ substan-
tially, there is no standardization of criteria for the threshold of
what constitutes a significant activation, and the different record-
ing methods have greater or lesser sensitivity and regional resolu-
tion of brain regions. Nevertheless, despite these caveats, we can
draw several interesting conclusions from these findings, which
could not have been obtained with earlier methodologies.

Several studies show that the dopaminergic “reward” system
seems to be activated during sexual arousal and orgasm. This is



An fMRI image (right) of the forebrain of a woman during an orgasm elicited by thought
only, without physical stimulation. The anatomical image of the brain region where the
MRI' was recorded is also shown (left). Note the activation of some of the same brain
regions as during orgasm elicited by vaginocervical self-stimulation. Since there was no
arm or hand movement, or genital sensory stimulation, the brain regions activated here
are more closely related to orgasm per se, without being affected by the other factors.
PVN, paraventricular nucleus of the hypothalamus.

supported by the fMRI studies showing that the nucleus accumbens
region is activated during orgasm in women (Komisaruk, Whipple,
Crawford, et al., 2004). Holstege et al. (2003), using PET, found
that the mesodiencephalic area, which projects to the same (nu-
cleus accumbens) region, was activated in men during orgasm. In
fMRI studies, Aron et al. (2005) found that men and women who
were “intensely in love” showed activation in the ventral midbrain
and the caudate nucleus when observing pictures of their beloved.
These regions are also components of the dopaminergic system.
The dopaminergic system was also implicated in a pharmaco-
logical study of brain areas activated during penile erection (Born-
hovd et al., 2002). Brain activity was measured with PET in men
with erectile dysfunction, who were receiving the dopaminergic
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stimulatory drug apomorphine, while they watched a sexually
stimulating video sequence. The investigators found a significant
correlation between the degree of penile rigidity (measured with
the commercial RigiScan device) and increased cerebral activity in
the anterior cingulate cortex and right prefrontal cortex, in addi-
tion to decreased activity in the temporal cortex.

Park et al. (2001) found that the visual (“occipital”) cortex in
women was much more highly activated when the women observed
erotic films than when they observed nonerotic films. Thus, rather
than the visual cortex being a “passive visual projection screen,”
its activity evidently is modulated by the cognitive-emotional con-
tent of what is being observed.

In a study by Karama et al. (2002), men were shown erotic film
segments and were asked to rate their subjective level of arousal on
a visual analog scale—a graded scale much like a ruler on which
the subject places a mark that represents his arousal level, some-
where between zero and maximum. The higher the men’s self-re-
ported level of sexual arousal, the greater was the fMRI activity
recorded in their hypothalamus. Hypothalamic activation was also
reported in an fMRI study of men watching explicit erotic vid-
eos while penile tumescence was measured (Arnow et al., 2002).
During sexual arousal, the cingulate gyrus, insula, basal ganglia
(claustrum, caudate, and putamen), midtemporal gyri, and premo-
tor areas all were activated. In another self-report study, by Red-
oute et al. (2000), men rated their level of sexual arousal as their
brain activity was measured by PET. The brain area where activa-
tion showed the best correlation with the men’s perceived level of
sexual arousal was the anterior cingulate gyrus in the forebrain.
The anterior cingulate was also activated in women during sexual
arousal, in addition to the amygdala (Maravilla, 2006), consis-
tent with the findings of Komisaruk, Whipple, Crawford, and col-
leagues (2004).

To our knowledge, the first report on brain imaging of men dur-
ing orgasm was a PET study from Finland (Tiihonen et al., 1994).
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The investigators found an increase in activity in the (right) pre-
frontal area. They referred to a parallel with an earlier report of
“hypersexuality” in men with a lesion or disconnection of the pre-
frontal cortex from the rest of the brain (B. L. Miller et al., 1986).
This raises a question as to whether diminished function of the
prefrontal cortex during or leading up to orgasm in men may be

<«

related in some way to “wild abandon,” “risky sex,” or the type
of disinhibited sexuality that may occur after frontal lobotomy.

Some studies have compared brain activity in men and women
during sexual arousal. Two research groups reported that the hy-
pothalamus showed greater activation in men than in women as
they watched erotic visual stimuli. Karama et al. (2002) compared
the fMRI of men and women watching erotic film segments. The
men showed greater activity than the women in the hypothala-
mus and thalamus. Both men and women showed activation in the
amygdala and ventral striatum and in the anterior cingulate, insu-
lar, orbitofrontal, medial prefrontal, and occipitotemporal corti-
ces. In another study comparing brain activity in men and women
as they observed erotic photographs, Wallen and colleagues (Ha-
mann et al., 2004) reported that fMRI activity in the hypothala-
mus, amygdala, and hippocampus increased more in men than in
women, whereas striatal regions (caudate and nucleus accumbens)
were activated similarly in both men and women.

In two PET studies, the posterior hypothalamus was activated
in men presented with visual sexual stimuli (Stoleru et al., 1999;
Redoute et al., 2000). This region of activation was not reported
in the similar studies described above. Redoute et al. (2000) drew
a parallel to an earlier report that in male rats, posterior hypotha-
lamic stimulation induced copulatory behavior and bar pressing
(an activity that rats are trained to perform to receive a reward) for
the opportunity to copulate (Caggiula, 1970).
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Imaging Brain Activity during Orgasm—What Does
It Explain?

The recent advent of high-tech brain scanners—PET and fMRI—
allows us, for the first time, to recognize regions of activation in all
parts of the living, awake, human brain in relation to specific stim-
uli and responses. As a result, a veritable land rush has developed
among investigators in many fields of research, each exploring the
uncharted terrain of brain activity in relation to myriad stimuli,
cognitive processes, and responses.

For those of us who have availed ourselves of this great techno-
logical opportunity, after we have conducted our studies and suc-
ceeded in identifying localized regions of brain activation—such
as during orgasm—we find ourselves in a quandary. How are we
to understand what the specific brain regions do, such that this in-
formation would give us insight into their unique contributions to
orgasm? The imaging is something we like to do, but what does it
explain?

We might first ask what other investigators have discovered
about the roles of specific brain regions that we know to be acti-
vated (or deactivated) during orgasm. For example, we know that
the insular cortex is activated during orgasm, and investigators in
the area of pain research have found that the insular cortex is acti-
vated during painful stimulation. So in this case, the insular cortex
is a place of both pain and pleasure. How could it be (or do) both?
Could this region have some property that is common to both pain
and pleasure, perhaps emotional expression—the contorted facial
expression of anguish in pain but also of impending orgasm—sep-
arate from the actual different feelings of pain versus pleasure?

We run the risk of creating “just so” stories—tales created to
explain the origins of things—to try to make sense of disparate
research findings. By reviewing some of the research findings by
investigators who do not study sexual response or orgasm but who
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have looked at the “same-named brain structures” that are active dur-
ing sexual response or orgasm, we might shed light on what is hap-
pening in the brain. An important qualifier is “same-named,” describ-
ing areas of the brain that have been named by researchers. Many of
these “same-named” brain regions occur in a variety of species—for
example, a cerebellum is found in a human and in a rat.

Within a particular same-named brain structure, it is well-es-
tablished that different regions and even different neurons in the
same region perform very different functions. An important ca-
veat, therefore, is that the mere fact that the activity of a particular
brain region is noted during the occurrence of two very different
functions (e.g., pleasure and pain) does not necessarily mean that
the two functions are in some way functionally related. But this is
certainly a reasonable working hypothesis, one that can be exam-
ined with further study.

It is also plausible, of course, that different neurons in a particu-
lar brain region are involved in the two different processes—pain
and pleasure. If we can understand the function of the various
parts of the brain that are activated during orgasm, we can, ul-
timately, generate a unified concept of what makes orgasm feel
good. Getting back to the question of what brain imaging tells us,
if we understand what each of the many different brain compo-
nents contributes to orgasm, perhaps we will begin to understand
how the neurons in the brain generate the feelings of pleasure dur-
ing orgasm—and even, perhaps, understand the more general areas
of pleasure, pain, sensory perceptions, memories, and thoughts. In
other words, these studies are part of science’s attempt to unravel
the conscious experience.

In the next chapter we describe our basic understanding of the
role, in other contexts, of the brain regions we have discussed here,
as a means of trying to understand what each structure may con-
tribute to orgasm. If that is not your cup of tea, you may want to
move on to the concluding chapter, on the greatest mystery of all:
how do our neurons produce consciousness?



The Cast of Characters

How Brain Components

Contribute to Orgasm

f we want to understand how, let’s say, a digital cam-

corder works, it is helpful if we already have some un-
derstanding of the elements of what a tape recorder does,
how an image can be created by a series of dark and light
dots on a television screen, and how a series of still pic-
tures can generate the illusion of movement in a movie.
While that prior understanding gives us hints as to how
the camcorder works, the camcorder has an “emergent”
property—something more than just those elements put
together. Metaphorically, in our understanding of how the
brain produces orgasm, we are at about the stage of know-
ing something of how the tape recorder, television, and
movie camera work. The “camcorder”—orgasm—already
exists, but we don’t know exactly how it works. We “just”



A brain viewed with magnetic resonance imaging. This midline sagittal (side) view, facing left,
shows some of the brain structures mentioned in the text. Some brain structures, including the
amygdala, hippocampus, and basal ganglia, lie behind the plane of the paper and are not vis-
ible at this level. (Image courtesy of Dr.Wen-Ching Liu, Department of Radiology, New Jersey
Medical School, University of Medicine and Dentistry of New Jersey)

have to figure out how the roles of the brain components that we
do understand are involved in orgasm, add up to an orgasm, and
produce its unique properties. Thus, by reviewing the properties
of some of these brain components we might be able to figure out
how they contribute to orgasm. This is a basic strategy in behav-
ioral neuroscience, and the best we can muster in our present state
of knowledge.

Structure of the Limbic System

Several of the brain parts that are activated during orgasm are
components of what is loosely known as the “limbic system.” Lim-
bic is derived from the Latin limbus, which means “edge, bor-
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der, or fringe.” It refers to the structures that surround the region
where the cerebral hemispheres are attached to the brainstem. The
original concept of a limbic system was formulated in 1878 by
the French neurologist Paul Broca as the “Great Limbic Lobe,”
an anatomical description of distinct brain structures that are ad-
jacent to each other, forming a sort of ring. This evolved into the
“limbic system,” with more connections. The concept has now
evolved into a chimera that is part anatomically defined and part
functionally defined.

Reduced to structural basics—that are evident in the embryonic
human brain before it undergoes its great thickenings, bends, and
folds—the brain resembles, fancifully, a Mickey Mouse balloon.
The two ears represent the two cerebral hemispheres, and Mickey’s
head represents the brainstem, which incorporates the thalamus,
hypothalamus, and lower brainstem, including the cerebellum.
The entire brain is hollow, having started out embryonically as a
tube; it is as if the walls of the balloon undergo great thickening,
while retaining the hollow form into adulthood. In the brain, the
hollow part is termed the “ventricles.” Another way of thinking of
the brain structure is as two hollow short-stem button mushrooms
on a hollow log. The two cerebral hemispheres are the two hollow
mushrooms, attached to the sides of the hollow log at its front end,
with the hollow parts continuous throughout the three sections.

In this fanciful model, the “limbic lobe” would be, in large part,
the circular underside of the mushroom caps. In the brain, looking
at the circular underside of the mushroom cap as a clock face, the
amygdala is at about 7 o’clock, the hippocampus at about 3 to 6
o’clock, and the cingulate cortex at about 9 o’clock, up and over
the top of the clock, to 2 o’clock. These metaphors are not so out-
landish when considering the names of some brain parts: hippo-
campus, Latin for “seahorse,” which the brain structure resembles;
amygdala, Latin for “almond,” which this structure resembles; or
inferior olive, inferior referring to location (“under”), not a value
judgment. One of the early extensions of the notion of a limbic
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lobe was the concept that it functions as a “rhinencephalon” or
“nose brain” (i.e., “brain for the sense of smell”), on the basis that
the olfactory sensory pathways project to the cortical region over-
lying the amygdala.

Papez in 1937 grouped some of the structures of the limbic
lobe into a different “system,” incorporating the hypothalamus
and thalamus, serially connected in a ring formation. This sys-
tem projects from the hippocampus—more recently corrected to
“hippocampal formation,” because it is the “subicular” complex
just lateral to the hippocampus proper that projects—to the mam-
millary bodies of the posterior hypothalamus, from there to the
anterior nucleus of the thalamus, then to the cingulate cortex, to
the entorhinal cortex, to the hippocampus, and back to the mam-
millary bodies. Later investigators termed this the “Papez circuit.”
Lesions or stimulation of various components of this system were
found to have a variety of effects on “emotional” behavior, such
as pathological crying, laughing, or aggression.

Incorporation of the hypothalamus into this chimera of “limbic
lobe,” “rhinencephalon,” and “Papez circuit” created a concep-
tual gemisch that led Paul MacLean in 1952 to propose an exten-
sion of the concept of limbic lobe to limbic system. He claimed
that the “limbic” constituents varied, depending on which expert
listed them, but all now agree that the hippocampus, amygdala,
and cingulate gyrus are included in the limbic system. MacLean
also included areas to which these constituents connect: the sep-
tum, hypothalamus, anterior thalamic nuclei, and components of
the basal ganglia. He proposed the generalization that the lim-
bic lobe itself—in humans, more similar to the brain structures of
nonhuman vertebrate species than to the human cortex, and hence
considered more “primitive”—subserves emotional (“feelings”)
functions, whereas the more lateral neocortex, highly developed in
humans, subserves more cognitive (“intellectual”) functions (Mac-
Lean, 1952, 1955).

According to Nauta and Feirtag (1986), “the modern criterion
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for membership in the limbic system is a synaptic proximity to the
hypothalamus.” The limbic system plays a role in motivated be-
havior, as suggested by John French’s notorious “4-F’s—Feeding,
Fighting, Fleeing, and Mating” lecture. These behavior patterns
are profoundly influenced by the hypothalamus. The hypothala-
mus, in addition to regulating these functions (as well as hormone
secretion), has been termed “the head ganglion of the autonomic
system.” It controls the physical plant of the body—heart rate,
blood pressure, temperature, sweating, salivation, tear secretion,
secretions and movements of the gut, vomiting, urination, defe-
cation, and, of course, uterine contractions, penile erection, and
ejaculation.

Connection of the limbic lobe to the hypothalamus involves the
hippocampal formation output pathway—the fornix. To mix our
metaphors, connecting the bottom of the mushroom button to the
log, the fornix (Latin for “arch”) pathway and hippocampus from
which it emerges take the form of a pair of curved ram’s horns,
with the hippocampal tip of the horns almost impaling the amyg-
dalae.

If you are having difficulty visualizing these structures, you are
in good company. This part of the brain is particularly difficult to
visualize because of its complex three-dimensional, spiral arrange-
ment. We have provided this detail so as to introduce (among oth-
ers) the brain structures that are activated during sexual arousal,
orgasm, and other “motivational” states.

Motivation refers to the neural mechanisms that modify the re-
sponse to a constant stimulus. In other words, hunger and sati-
ety are considered motivational because they modify the eating
response to food that is provided continuously. By contrast, the
eyeblink reflex is not motivational because it is a relatively immu-
table response to an irritating stimulus. Relatively is an important
caveat, because modulation of even the “simplest” reflexes—such
as the knee-jerk reflex, which involves, at minimum, only one syn-
apse between sensory neuron and motor neuron—can be modu-
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lated by voluntary action (imagine there’s an antique vase just in
front of your leg as its knee-jerk reflex is being tested).

We should use the term limbic system with another important
caveat. While the term is still popularly used—and we use it in
this book—the eminent neuroanatomist Larry W. Swanson (1999)
notes its limited usefulness:

The term limbic system is now used in so many ways by different inves-
tigators that it is no longer useful. When it is used, it most commonly
refers to that part of the forebrain involved in emotional expression, or
more broadly, in visceromotor mechanisms. However, it is now clear
that while this conforms to the original concept of MacLean, the com-
ponents of the limbic system are involved in cognitive and somatomo-
tor control systems as well, and there are no clear, or even general,
anatomical boundaries to this system as originally defined . . . the
term limbic system has clearly outlived its usefulness, but nothing has

emerged to take its place.

Swanson suggests a dichotomous division into medial, or limbic
lobe, components and lateral, or cortical and basal ganglia, compo-
nents. In his view, the medial part plays a major role in modulating
the hypothalamus, whose output pathway is the medial forebrain
bundle, and the lateral (cortical-basal ganglia) components, whose
output pathway is the internal capsule-lateral forebrain bundle
component. As Swanson (1999) concisely states, “Perhaps the fun-
damental dichotomy proposed by workers throughout the history
of neuroscience may ultimately be reduced in general terms to the
lateral forebrain (cognitive) system, and the medial forebrain (vis-
ceral) system, which clearly must themselves be integrated.”

Can We “Reverse Engineer” an Orgasm?

Wikipedia, the online encyclopedia, defines reverse engineering as
“the process of taking something . . . [e.g., a device] . . . apart and
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analyzing its working in detail, usually with the intention to con-
struct a new device . . . that does the same thing without actually
copying anything from the original.” If the device is a brain that
produces an orgasm, is it possible to analyze the division of labor
among the various brain components and then, conceptually, build
a brain that produces an orgasm? In other words, having identi-
fied brain components that are involved in orgasm (e.g., nucleus
accumbens, cingulate cortex, insular cortex, amygdala, hippocam-
pus, PVN), and knowing something about what these brain com-
ponents do (based on studies in nonorgasm contexts), can we com-
bine the components to produce an orgasm?

The short answer is no. Or, at best, not yet. This exercise is typi-
cal of what many behavioral neuroscientists try to do. They try
to understand what various brain components do and how they
are orchestrated to generate behavior patterns—eating, drinking,
fighting, fleeing, mating, learning, and so forth.

The following discussion gives a glimmering of how daunting
the task is. Perhaps the easiest brain component with which to
start our reverse-engineering project is the hypothalamic paraven-
tricular nucleus. At least we know that the PVN neurons produce
oxytocin, that they become activated during orgasm, that a conse-
quence of their activation is the release of oxytocin into the blood-
stream from the posterior pituitary gland, that the uterus responds
to the oxytocin surge by contracting vigorously, and that women
have said that the vigorous contractions intensify the pleasure of
orgasm.

Paraventricular Nucleus of the Hypothalamus

The PVN also plays an essential role in ejaculation. In rats, these
neurons are stimulated by dopamine (at D4 receptors) and inhib-
ited by opioid peptides (Melis, Succu, et al., 2005). Axons from
neurons in the PVN project to the posterior pituitary, to release
oxytocin from there into the bloodstream. Other oxytocin-con-
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taining axons from these neurons project down through the spi-
nal cord and synapse on neurons at the lumbar to sacral (lumbo-
sacral) level that control erection and ejaculation, as shown by
neuroanatomical tracer (molecular labeling) methods (Veronneau-
Longueville et al., 1999). Thus, oxytocin serves both as a hormone
in orgasm in women and men and as a neurotransmitter in orgasm
in men (Argiolas & Melis, 2005).

We do not know whether the activation of these neurons itself
reaches cognitive awareness or in what other ways these neurons
might contribute to the perception of orgasm. Regarding other
functions of the PVN, one of the authors (Komisaruk) has always
been intrigued by a physiological-cognitive event that occurred re-
peatedly and reliably almost every time his wife nursed their first
son. After the infant had been suckling for about one to two min-
utes, three events would invariably occur in a constant sequence.
First, his wife would ask him to get her a glass of water, because
suddenly an intense thirst would come over her. Second, she would
say something like, “There’s that dark curtain or cloud descending
over me again, with the brief, transient vague feeling of sadness or
depression, hard to describe.” And third, within 15 to 20 seconds,
almost like clockwork, she would say, “My milk just started to
flow.”

It takes about 15 to 20 seconds from the time oxytocin is re-
leased into the bloodstream from the posterior pituitary until milk
is ejected. Therefore, the sudden thirst and the “dark curtain” ap-
parently corresponded in time with the activation of the PVN. On
the basis of studies in animals, we know this nucleus controls drink-
ing behavior (Gutman, Jones & Ciriello, 1988). Furthermore, the
physiological adaptiveness of this link between secreting milk and
drinking is evident (i.e., for the mother to replenish the bodily fluid
lost in the milk). But the “dark descending curtain and vague feel-
ing of depression” is a mystery. The intriguing implication, how-
ever, is that neurons of the PVN, when activated, can generate cog-
nitive awareness—sudden thirst and hard-to-describe sudden and
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transient mood change accompanied by correlated visual imagery.
If this is difficult to understand, then the role of other brain regions
is even more difficult.

Nucleus Accumbens

The nucleus accumbens is activated on orgasm in women, as seen
in the fMRI data. This nucleus, located in the front end of the lim-
bic system, receives a significant dopaminergic input from neurons
in the ventral tegmental area in the mesencephalic-diencephalic
junction region. Holstege et al. (2003) found that this region is
activated during orgasm in men. Thus, the same dopaminergic sys-
tem is evidently activated during orgasm in women and men, and
the observed differences in brain regions activated are most likely
two sides of the same—mesolimbic dopaminergic system—coin.
What appear to be sex differences may well be due just to differ-
ences in methodology, since Komisaruk, Whipple, Crawford, et
al.’s data are derived from fMRI while Holstege et al.’s are derived
from PET, with their attendant differences in sensitivity and resolv-
ing power.

Dopaminergic blockade attenuates orgasmic intensity, and do-
paminergic stimulation intensifies it. The nucleus accumbens is ac-
tivated during a nicotine or cocaine “rush,” which has been de-
scribed as an orgasmic feeling . According to Schultz (2000), in rats,
“neurons in the nucleus accumbens show activity that is sustained
for several seconds when the subject approaches a lever that can be
pressed to receive a cocaine injection and stops rapidly when the le-
ver is pressed.” And if electrodes are implanted into the nucleus ac-
cumbens, rats will bar-press vigorously to obtain electrical stimula-
tion through these electrodes. Thus, it is intriguing that activation
of the nucleus accumbens seems to generate not only pleasurable
feelings but also their anticipation. Beyond these elements of or-
gasm—which are difficult enough to understand, let alone design
an analog for—the problem gets even more complex.
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Cingulate Cortex

At orgasm there are approximate doublings of heart rate, blood
pressure, and pupil diameter, all of which indicate a net intense
activation of the sympathetic division of the autonomic nervous
system. This may involve the cingulate cortex, which becomes ac-
tivated not only by orgasm (Komisaruk, Whipple, Crawford, et
al., 2004) but also by painful stimulation (Casey, Morrow, et al.,
2001), both of which conditions also activate the sympathetic divi-
sion, which increases heart rate, blood pressure, and other “stress”
responses.

Electrical stimulation of the cingulate cortex produces increases
in respiration and cardiovascular function in animals and humans
(Lofving, 1961; Hoff, Kell & Carroll, 1963), indicating its link to
autonomic outflow from the sympathetic division. Furthermore,
painful stimulation applied to the skin activates the anterior cin-
gulate cortex, as measured by PET (Talbot et al., 1991; Coghill et
al., 1994). Conversely, lesions to the anterior cingulate cortex (or
to the insular cortex) in humans alter the affective (emotional) re-
sponses to pain—the “suffering” (Coghill et al., 1994) or “unpleas-
ant emotional component” of pain (A. K. P. Jones et al., 1991). For
example, as reported by Vogt (1999), “Patients with lesions in the
anterior cingulate cortex report that they can still identify where
the source of noxious sensory stimulation is on the body, but they
no longer mind it . . . PET studies show reduced [activity] in ante-
rior cingulate cortex in major depression suggesting a disruption of
function in this region.” Vogt characterized the anterior cingulate
cortex as being involved in “affect regulation.”

In another PET study, the cingulate cortex responded not only
to painful stimulation but to pleasurable stimulation, consistent
with the finding that it becomes active during orgasm (Komisaruk,
Whipple, Crawford, et al., 2004). Francis et al. (1999) commented
that “the fact that activation of parts of the cingulate cortex, in-
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cluding the subgenual cingulate, was found in at least some subjects
... [inresponse to] . .. the pleasant touch, taste and olfactory stimuli
suggests that this region is not involved only in the processing of af-
fectively negative stimuli such as pain and aversive taste.”

The anterior cingulate cortex is evidently involved in respond-
ing with autonomic sympathetic division output not only to di-
rect physiological stimulation such as pain and orgasm but also
to more cognitive forms of stress. Critchley et al. (2003) described
three patients with damage to the cingulate cortex.

[The patients had] blunted cardiovascular responses to effortful cogni-
tive task performance (mental stress, overt rapid serial subtraction of
7s) . . . In healthy individuals, the mental stress task elicits significant
increases in systolic blood pressure (17 millimeters of mercury) and
heart rate (7 beats per minute), which were not observed in these pa-
tients . . . anterior cingulate cortex-lesioned patients also had abnor-
malities in a number of “low level” sympathetic responses, for exam-
ple to orthostatic challenge [e.g., normal increase in blood pressure on
standing up suddenly from a supine position], suggesting that anterior
cingulate cortex activity is closely linked to homeostatic autonomic

mechanisms.

The patients’ performance on cognitive tasks was normal. Critch-
ley et al. concluded that “the observation that patients with an-
terior cingulate cortex damage fail to generate contextually ap-
propriate autonomic (notably sympathetic) outputs corroborates
the anatomical neuroimaging data by providing evidence that this
region is necessary for the appropriate generation of autonomic
arousal during effortful cognitive and physical work.”

Other authors postulated a similar, more extended cognitive
role for the cingulate cortex (Bush, Luu & Posner, 2000). They
pointed out that “in humans, lesions of anterior cingulate cortex
for the treatment of affective disorders produce striking personal-
ity changes, including lack of distress and emotional lability . . .
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[The lesions produce] inattention and akinetic [immobile] states.”
They proposed a comprehensive, integrative role for the anterior
cingulate cortex that includes “specific processing . . . for sensory,
motor, cognitive, and emotional information, and on the output
side, an influence on . . . activity in other brain regions and [modu-
lation of] cognitive, motor, endocrine and visceral responses.”

Thus, the cingulate cortex seems to possess the dual capability
of mediating the intense feelings of orgasm while stimulating the
autonomic activity characteristic of orgasm. This would seem to
place the cingulate cortex in a central role in the generation of or-
gasm. It does not seem too great a stretch to include the various
properties of orgasm in the various descriptions of the cingulate
cortex given above.

Insular Cortex (Insula)

The insular cortex, activated during orgasm, mediates visceral feel-
ings, especially pleasure and pain. Using electrical stimulation in
humans, Penfield and Faulk (195 5) found that stimulation in the an-
terior insular cortex produced predominantly visceral sensations.

In PET studies, Small et al. (2001) found that when subjects ate
chocolate while highly motivated, and rated the chocolate as very
pleasant, the insula was one of the areas activated. This suggests
that the insular cortex is one of the brain regions where reward
value is represented—at least of food, but probably more general-
ized reward. The primary neural pathway for taste sensation to
reach the brain is via the uppermost region of the nucleus of the
solitary tract, whose lowermost region receives vaginocervical in-
put. The taste pathway projects from the NTS to the insular cor-
tex, so in some way the insula evidently mediates pleasurable taste
and feelings.

However, Coghill et al. (1994), also using PET scans, found that
“noxious heat, but not vibrotactile (a buzzer applied gently to the
skin) stimulation, was found to activate a region of the contralat-
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eral anterior insular cortex . . . This was the only brain region in
which we observed significantly greater blood flow during pain
than during vibrotactile stimulation.” Others pointed out that the
neural pathway by which the pain stimulation ascends from the
spinal cord is the spinothalamic pathway to the posterior thalamic
nuclei, and then via the insula to the amygdala and the perirhinal
cortex (Casey, Minoshima, et al., 1994). These authors postulated
that this system underlies the “mnemonic [memory], motivational
and affective components of pain.” And conversely, lesions to the
insular cortex (or anterior cingulate cortex) in humans have been
reported to alter affective responses to pain.

A more cognitive aversive component—sadness, generated by
recall during a PET scan—was associated with an activation in the
vicinity of the anterior insular cortex that exceeded the activation
produced by film-generated sadness or recall-generated happiness
(Reiman et al., 1997). This finding suggested to the investigators
that this region participates in the emotional response to poten-
tially distressing cognitive or interoceptive (visceral, gut) sensory
stimuli.

It is tempting to speculate that insular cortex activity could be
affected by vaginocervical stimulation, not only during orgasm but
also during childbirth, and as such may be involved in the occur-
rence of postpartum depression.

Taken together, the findings described here suggest that the in-
sular cortex may play a significant role in mediating the intense
feelings generated by orgasm.

Hippocampus and Amygdala

Activation of both the amygdala and the hippocampus occurs dur-
ing orgasm. And both the amygdala and the hippocampus are sus-
ceptible to temporal lobe, or psychomotor, epilepsy. The seizures
start with an aura that begins as hallucinatory sensations, such as
olfactory or gustatory illusions (Nauta, 1972), and they may gen-
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erate orgasmic feelings. Furthermore, lesions of the amygdala can
produce “hypersexuality” in many animal species, often directed
to inappropriate objects, a condition termed “psychic blindness”
(Seelenblindheit).

The amygdala thus seems to mediate the feelings of orgasm and
the recognition and integration of sexual stimuli. In a way, this
is consistent with the findings in a brain imaging study in which
watching emotion-laden movies activated the amygdala and the
hippocampal formation, “suggesting that these regions participate
in the emotional response to certain exteroceptive sensory stimuli”
(Reiman et al., 1997).

The amygdala is reciprocally connected with the hippocampus.
A major function of the hippocampus is short-term memory. After
a lesion in the hippocampus, the patient typically loses short-term
memory but retains long-term memory: “As he reads toward the
bottom of a printed page, he may already have lost all recollection
of what he just read at the top. And as he speaks to a new acquain-
tance, he may interrupt the conversation to ask a second time for
the name and the purpose of his visitor, whom he suddenly does
not know” (Nauta & Feirtag, 1986).

Since the hippocampus is activated during orgasm even when
the orgasm is generated by thinking, it is likely that the hippo-
campus plays a significant role in mediating cognitive aspects of
orgasm.

The amygdala probably also mediates a cognitive component
of orgasm, a conclusion consistent with that of Nauta and Feir-
tag (1986): “The amygdala directs its cortical projections to the
inferior temporal cortex and to the frontal cortex (specifically the
orbital surface of the frontal cortex). It projects, therefore, to the
parts of the neocortex in which the final stages in the cascade of
sensory data toward the limbic system are embodied. Evidently the
amygdala screens its neocortical input. Perhaps, then, it intervenes
in ideation and cognition . . . It is as if the amygdala were partici-
pating in the brain’s appreciation of the world.”
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These brain components that are activated during orgasm are
known to be involved in some of the processes that comprise or-
gasm, such as cardiovascular, visceromotor, hormonal, hedonic,
mnemonic, and other cognitive processes. Based on the functions
of these brain components in other, nonorgasm contexts, we have
some idea of how they may be orchestrated and integrated to gen-
erate orgasm. But we are still a long way from the reverse engineer-
ing of orgasm.

Some Brain Circuits Underlying the Orgasmic Response

Swanson (1999) provided a very concise and helpful summary of
available pathways by which sensory stimulation can access the
parts of the brain known to be involved in sexual response and
orgasm, how those brain regions interconnect, and their main out-
put pathways to the visceral activity that characterizes orgasm—
heart rate, blood pressure, vaginal lubrication, ejaculation, and so
forth. The following is a brief summary of these communication
channels, based on Swanson’s description (1999). It outlines some
basic connection pathways among the various brain components
that are reported to become activated during sexual arousal and
orgasm.

The subicular complex (not the hippocampus proper) projects
through the hippocampus to the mammillary bodies of the hypo-
thalamus, the anterior thalamic nuclei, and the entorhinal cortex.
The anterior thalamic nuclei and the cingulate gyrus project back
to the subicular complex. They also receive input from the mam-
millary bodies, which in turn receive input from the rest of the
hypothalamus and the septum. This is a modernized version of the
Papez circuit, based on more recent neuroanatomical evidence.

The subicular complex receives input from the neocortex and
provides output to it, and thus is an important mediator between
visceral and cognitive functions.

The hippocampus proper sends projections to the lateral septal
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nucleus, the nucleus accumbens, and parts of the prefrontal cortex.
The lateral septal nucleus sends projections to the medial septal
nucleus, which projects back to the hippocampus. The septal nu-
clei also receive and send activity from and to the hypothalamus
and lower brainstem.

The cingulate gyrus also projects to neocortical association ar-
eas, to the striatum, and to the gray matter of the pons, which in
turn projects to the cerebellum. This is a significant pathway by
which the “emotional” brain system can influence the (extrapyra-
midal somatomotor) “muscular movement control” brain system.

Recall that fMRI and PET studies have shown that at orgasm
there is significant activation of most of these interconnected brain
regions—hippocampus, cingulate cortex, striatum, hypothalamus,
and cerebellum. There is also a major communication channel be-
tween the hippocampal formation and the amygdala.

The amygdala has four main divisions: (1) the corticomedial
division, which receives olfactory input; (2) the basolateral divi-
sion, which has input from, and sends output to, the neocortex;
(3) the central division, which projects to the hypothalamus and
parasympathetic nuclei of the brainstem; and (4) the basomedial
division, which projects to the mediodorsal nucleus of the thala-
mus, which in turn projects to the prefrontal neocortex and then
back to the basomedial division. The prefrontal neocortex projects
to and modulates the sensory systems. The amygdala also projects
to the septum and the ventromedial hypothalamus, which in turn
project to the brainstem reticular formation, central gray, and au-
tonomic nuclei. During orgasm, the amygdala, reticular formation,
and central gray regions are also activated.

Together, these hippocampal and amygdala systems provide the
communication channels between the emotional and cognitive
brain divisions, integrating visceral, somatic motor, cognitive, and
emotional processes, all of which comprise orgasm.

Another sensory modality—pain—is conveyed from the body via
lamina I (the outer layer) of the spinal cord to the posterior portion
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of the ventromedial thalamic nucleus, which projects to the anterior
cingulate cortex and then to limbic structures such as the amygdaloid
complex and the perirhinal cortex (Coghill et al., 1994).

Olfactory (smell) sense gains access to the pyriform cortex overly-
ing the amygdala and projects to the corticomedial division of the
amygdala, from which it projects to at least the hypothalamus.

Visceral sensory activity gains access via the NTS (which is situ-
ated in the medulla oblongata at the base of the brainstem, just
above the spinal cord), receives information from the internal geni-
tal structures in women, the gastrointestinal tract (including taste
sense), respiratory system, and cardiac system, and projects to the
hypothalamus via a “visceral sensory lemniscus” (a “ribbon” of
nerve fibers) (Nauta & Feirtag, 1986). Studies with fMRI found
that electrical stimulation of the vagus nerve, a major visceral sen-
sory projection pathway to the brain, activates the cerebellum and
thalamus (Chae et al., 2003).

Nauta and Feirtag (1986) provided a succinct answer to the
question of how sensory activity accesses this system:

All of the senses represented in the neocortex—vision, hearing, and the
somatic sense—direct part of their traffic toward either or both of two
cortical districts: the frontal association cortex and the inferior tempo-
ral association cortex. These two regions are connected via a massive
fiber bundle—the uncinate fasciculus. In turn, the inferior temporal
cortex projects to the entorhinal area, which via the subicular complex
is the cortical gateway to the hippocampus. The orbital part of the
frontal cortex—alone in the neocortex—projects to the hypothalamus

. . it has uninterrupted access to the visceral, endocrine, and affec-
tive mechanisms of the hypothalamic continuum. No other part of the
neocortex has access so direct. What, then, is the frontal cortex? . . .
It is notable for its lack of primary sensory fields. It is entirely associa-

tion cortex.
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Pain and Pleasure: Strange Brainfellows?

The complexity of reverse engineering of the orgasmic process is
clear. Adding to that complexity is the curious observation that sex
and pain seem to be linked. Indeed, during sexual intercourse or
masturbation leading to orgasm, facial expressions seem to convey
pain or suffering. This phenomenon leads us to the studies of brain
regions that are activated in response to both painful stimulation
and genital stimulation. A. K. P. Jones et al. (1991) found that
the anterior cingulate region was activated when painful stimula-
tion was applied in humans, and they proposed that activation of
this brain region is the sole representation of the “suffering” com-
ponent of pain. We also know that the anterior cingulate region
is activated when women experience orgasm. While the anterior
cingulate cortex is a large and probably diverse brain region, and
we do not yet have information on whether pain and orgasm acti-
vate the identical neurons in that region, we are tempted to make
the following speculation. Perhaps there is a region of the ante-
rior cingulate cortex that generates the emotion (which literally
means “motion outward”) of both pain and orgasm, as distinct
from the feelings of pain and orgasm, which are diametrically op-
posite. There must be different neurons that generate the aversive
feeling of pain as distinct from the pleasurable feeling of orgasm,
but perhaps both sets of neurons project to the same region of the
anterior cingulate cortex that generates the common elements of
motor expression.

The main trajectory that conveys the sensory signals for pain
and for orgasm—the spinothalamic tract—passes through the spi-
nal cord to the brain. It produces intense arousal and activates
perhaps a common motor control pathway—rvia the anterior cin-
gulate cortex. A critical question is, where do these two neural
systems—the pain and the pleasure pathways—diverge; where are
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the neurons that produce the feeling of pleasure, as opposed to the
feeling of pain?
Francis et al. (1999) addressed this issue:

At the neuronal level, there must be different populations of neurons
concerned with reward and punishment, and indeed this has been
shown to be the case in for example the primate orbitofrontal cor-
tex for visual, taste, and olfactory stimuli . . . While pleasant touch
(velvet), pleasant taste (sugar) and pleasant odor (vanillin) all acti-
vated the orbitofrontal cortex, they did so in different regions of that
cortex . . . The primary somatosensory cortex responded more to the
neutral intense stimulus (a textured piece of wood) than to a pleasant
but soft tactile stimulus (velvet). In contrast, the orbitofrontal cortex
responded to a greater degree to the pleasant touch stimulus than to
the neutral touch.

The question we raised above, about the difference between neu-
rons that produce the feeling of pain versus the feeling of pleasure,
leads us to the ultimate question in neuroscience: which of our
brain’s neurons produce the various qualities of sensations, percep-
tions, and feelings that we experience? And why does pain feel so
bad and pleasure feel so good? An answer to this is the holy grail
of neuroscience, and explorations of orgasm are providing some
clues, as we continue our attempts to understand orgasm itself.



Consciousness and Orgasm

‘ X Je close this book with a question. Which brain re-

gion or regions produce the voluptuous sensation
of orgasm? It is the kind of question that scientists ask all
the time. We try to figure out how things work, what the
workings of one area of the body or the brain can teach us
about another, and how we can improve functioning when
disorder occurs.

Where in the brain orgasm is produced is a fundamen-
tal and unanswered (but, we hope, not unanswerable!)
question. If orgasm is a phenomenon of the brain that is
more than the sum of the reafferent sensory activity gener-
ated from the smooth (involuntary) and striated (volun-
tary) muscles activated during orgasm—and we believe it
probably is “more” than this—we are led inexorably to the
question of which neurons generate our experience of plea-
sure and how they do so. The answer must lie in a realm

24
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requiring conceptualization beyond imaging technologies such as
PET and fMRI.

We have used terms such as pleasure and pain loosely through-
out the book, as if we know what they mean. Actually, we assume
that everyone knows the difference between pleasure and pain,
even if none of us can ever really know what anyone else experi-
ences. The issue that this raises is, in its essence, what is conscious-
ness and how is it produced? How can mere chemistry of nerve
cells produce such powerful realities as pain or pleasure, hunger
and thirst, hot or cold, red or green, a dream, an idea?

Trying to provide an explanation of how neurons can produce
consciousness, including the various feelings involved in orgasm,
is reminiscent of the following anecdote, in the sense that perhaps
we can only get at the question by analogy (at least at present).
Albert Einstein related this story when asked to explain his theory
of relativity (Esar, 1952):

I was once walking in the country with a blind friend of mine. The day
was hot and I said that I would enjoy a nice cool drink of milk.

“Milk?” asked my friend. “Drink I understand, but what is milk?”

“A white liquid,” T explained.

“Liquid I understand, but what is white?”

“The color of a swan’s feathers.”

“Feathers I understand, but what is a swan?”

“A bird with a crooked neck.”

“Neck I understand, but what is crooked?”

I gently took his arm and straightened it. “That’s straight,” I said.
Then I bent it at the elbow. “And this is crooked.”

“Oh,” exclaimed the blind man, “now I understand what you mean
by milk.”

At least the question can be narrowed down a bit. While we believe
that consciousness is produced by our neurons, we also know that
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not all the neurons in our body produce awareness. For example,
in persons who suffer a disconnection of the spinal cord from the
brain, pinching a toe will still elicit a leg withdrawal reflex, but the
person does not feel the pinch. The spinal cord neurons are acti-
vated by the pinch, but their activity does not produce awareness
even though they are part of the person’s body.

It is generally believed that consciousness is produced by the ac-
tivity of neurons in the cerebral cortex. This is probably true. How-
ever, there is evidence that noncortical neuronal activity can pro-
duce some form of consciousness, as in the case of “blindsight,” in
which persons who are clinically blind due to visual cortical dam-
age are nevertheless able to make correct visual discriminations,
even though they report that they cannot see (Cowey, 2004).

Furthermore, our cortical neurons may be active without pro-
ducing awareness. For example, one of our colleagues, David
Summers, performed an experiment in which he showed research
subjects a lighted disc inside a lighted ring, and the disc and sur-
rounding ring could be illuminated separately. There was an eye
fixation point at the very center of the combined disc-and-ring pat-
tern. He recorded fMRI activity in the visual cortex of the partici-
pants and found, not surprisingly, that when they fixed their gaze
on the central fixation point, the lighted ring activated a region
of the visual cortex that concentrically surrounded the region ac-
tivated by the lighted disc. Then he showed both the disc and the
ring simultaneously, asking participants to “pay attention” to only
the disc or only the ring while continuing to fixate on the central
point. As they did so, different parts of the visual cortex were acti-
vated when they paid attention to the disc as opposed to the ring,
and vice versa. Thus, even though the physical light information
was identical, the visual cortex response differed, depending on
which of the stimuli the participants paid attention to. Clearly,
there must be something different about the activity of neurons
that give rise to awareness versus those that don’t, at any particular
moment in time.
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An interesting finding was reported by Benjamin Libet (1999),
who found that conscious intention to move, say, a finger, actu-
ally followed the onset of electrophysiological activity associated
specifically with the volitional process. This raises a different, ex-
traordinarily sensitive issue as to the neurophysiological basis of
“free will” and the question of the nature of “I.” Libet’s finding
raises the extremely discomforting notion that my neurons make
the decision before “I” do. It is the question of whether “I” can
ever really decide to do anything, or whether free will is but an il-
lusion produced by the prior activity of the neurons in the brain.
Stated another way, can “I” control the activity of my neurons, or
do they control “me”? Incidentally, what Libet does not address
is, how is the activity of neurons in the brain transduced into con-
scious experience? In other words, what is the nature of conscious
awareness, and how do the neurons that produce it do so? And,
while we are at it, what is the minimum number of neurons one
would need to produce a “bit” of awareness, and what would they
have to do to produce it? To our knowledge, no one throughout
recorded history has solved these fundamental questions.

Perhaps one way of trying to understand what consciousness
is, is by analogy, much like Einstein’s trying to explain “milk” to
his friend. The bottom line in the following argument is that con-
sciousness is a reality in a dimension beyond the four dimensions
that we think we know and understand.

We believe that we understand the three dimensions of height,
width, and depth. What about the fourth dimension, time. Do we
really understand it? We cannot synthesize it or put it in a bottle.
If we try to imagine what existed before the “big bang” that many
physicists think (or, more recently, thought) was the beginning of
the universe, the question arises, if there was nothingness, was
there time? Could time exist if matter didn’t exist? And what about
“nothingness”? If there was nothing before the universe existed,
was that nothing very, very small or very, very large? Before the
universe existed, was there an enormous emptiness or something
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infinitely small. If the latter, what was “outside” it? And what is
outside the universe today?

The point of this mental exercise is to illustrate that it is easy to
see that something as commonplace and familiar to us as “time”
and “nothing” is quite mysterious and hard to grasp. So if time is
a dimension, then it is a dimension that has mysterious qualities as
well as commonplace ones.

Perhaps we can apply the same view to consciousness. It can make
itself all too evident, as when we experience pain. And it doesn’t help
if we tell ourselves that pain is just the result of chemical reactions in
some cells that happen to be in our brain.

So what if consciousness is a projection of the activity of our
neurons into a fifth dimension in which we are embedded at all
times? We know it from experiencing it when we are awake. (Why
does it disappear when we sleep and reappear in the form of our
dreams, which are equally real—just another form of conscious-
ness?) We are just as aware of this fifth dimension of consciousness
as we are of the fourth dimension of time, but we cannot bottle
either of them. They just have different properties than our more
comfortable, graspable three dimensions. But having uniquely dif-
ferent properties is precisely what qualifies something as having a
different dimension, just as depth has a property that is different
from time.

The thought of consciousness as a fifth dimension is annoying,
because it purports to explain something that we really don’t un-
derstand. But there are many physicists who find it acceptable to
contemplate ten or more dimensions. Physicists have the advan-
tage of accepting ideas on the basis that they follow logically and
lawfully from accepted (mathematical) rules. One example of this
is Einstein’s E = mc?. We all have a reasonably comfortable grasp
of the concepts of E (energy) and 7 (mass). If we stretch our imagi-
nation, we can grasp the concept of ¢ (the speed of light). But
there is no physical concept for the speed of light squared! It is a
mathematical construct derived from the rules of mathematics. Yet
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it is a useful descriptor of the relationship between mass and the
energy encapsulated in the mass. Using the same basic mathemati-
cal methodological constraints and implications, physicists have
convinced themselves that there are more than four dimensions.

One can criticize this discussion by saying that this is not science
but faith. Faith provides a comforting set of explanations for great
questions and useful concepts for complex ideas such as “soul.”
The great difference between science and faith is that science pro-
vides means to disprove an idea. In science, we set up tests to show
that our idea is wrong. We actively test our theories and try to dis-
prove our hypotheses. And science advances by failed attempts to
disprove some nice idea, thereby leading to gradual acceptance of
an idea that withstands so many challenges. Nothing is ever truly
proven, but some ideas have so much evidence on their behalf, and
have been tested so thoroughly, that they seem to be real. By con-
trast with science, faith provides no means by which to disprove
its concepts and, indeed, that is not its mission.

The idea of consciousness as involving an additional dimension
is only science if we have a way of disproving the existence of more
dimensions. At present we cannot provide a model of how neural
activity could be projected onto another dimension that we can
somehow simplify into useful everyday activities, such as to go on
a green light and stop on a red light. We don’t understand how
our brain activity—the activity of a hundred billion neurons, with
each neuron having as many as a thousand or more synapses—pro-
duces, or could produce, this fifth dimension of which we speak.
As scientists, we are stuck somewhere between faith and science.
We have faith that eventually it will be possible to elucidate the
scientific basis for conscious experience, but despite consciousness
being so tantalizingly with us, it is exasperatingly elusive. We still
have not defined the crucial hypothesis that would allow us to test
this fifth dimension and its inhabitant, the feelings of orgasm.
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adrenergic. Describing a neuron that produces or responds to the
neurotransmitter noradrenaline (norepinephrine)

afferent (sensory). Describing incoming neuronal activity to a com-
ponent of the nervous system

agonist. A substance that stimulates a neuronal receptor for a neu-
rotransmitter; a positive modulator. Contrast antagonist.

anorgasmia. Absence of orgasm

antagonist. A substance that blocks the action of a neurologically
active substance such as a neurotransmitter, neuromodulator, or
hormone. Contrast agonist.

atrophy. Tissue wasting

autonomic (involuntary) nervous system. The division of the ner-
vous system that controls functions typically not under voluntary
control, such as heart rate, blood pressure, gastrointestinal activ-
ity, sweating, salivation, and pupil dilation

axon. Elongated fiber that conveys neural impulses from the neuron
cell body toward other neurons

capacitation. The biochemical process that prepares and enables
sperm to fertilize an ovum
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cell body. The component of a neuron that contains the cell nucleus essential
to the neuron’s viability

central nervous system. The spinal cord and brain

cholinergic. Describing a neuron that produces or responds to the neurotrans-
mitter acetylcholine

copulation. Mating (of animals, including humans)

corpora cavernosa. A pair of sponge-like, rod-shaped tissues along the length
of the penis, containing “sinuses” that become engorged with blood, re-
sulting in erection

cross-over study. A research design in which each research subject first re-
ceives either the experimental treatment or the control (placebo) treatment,
and subsequently the treatment not previously received. By the end of the
study, each subject has received both treatments.

disinhibition. Discontinuation (sometimes by active inhibition) of an ongoing
inhibitory process, resulting in a net activation

dopaminergic. Describing a neuron that produces or responds to the neu-
rotransmitter dopamine

double-blind study. A research design in which neither the research subjects
nor the researchers know which treatment—experimental or control—is
being administered. The “code” is revealed only at the end of the study.

dyspareunia. Discomfort or pain on vaginal stimulation
dystrophy. A degenerative disorder in which muscles weaken and atrophy

female ejaculation. Expulsion of about 3 to § milliliters (5 mL = 1 teaspoon)
of fluid, different in chemical composition from urine, from the urethra in
women

fMRI (functional magnetic resonance imaging). A method of generating im-
ages of brain activity in three dimensions based on local changes in the
activity of neurons. The neuronal activity changes the local oxygen content
of the blood supplying the neurons, which changes the magnetic properties
of the iron (hemoglobin) in the blood, producing local perturbations in a
strong, imposed, magnetic field; this enables the computerized generation
of images that represent the neuronal activity.
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GABAergic. Describing a neuron that produces or responds to the neu-
rotransmitter GABA (gamma-aminobutyric acid)

G spot (Grifenberg spot). A “distinct erotogenic zone” (Grifenberg, 1950)
in women in the anterior vaginal wall surrounding the urethra that swells
on sexual stimulation. It can be felt along the course of the urethra by ap-
plying finger pressure firmly against the anterior wall of the vagina, about
half-way between the back of the pubic bone and the cervix. Named by
Perry and Whipple (1981).

half-life. (1) The amount of time required for a radioactive compound to lose
half its radioactivity. (2) The amount of time required for the amount of a
substance or an activity to decrease by half.

intromission. Insertion of the penis into the vagina or anus

involuntary (smooth) muscle. Muscle that typically is not under voluntary
control, such as muscles of the stomach, uterus, and blood vessels. Con-
trast voluntary (striated) muscle.

involuntary (autonomic) nervous system. Neurons that are typically not
under voluntary control, such as those that control the stomach, uterus,
blood vessels, heart, sweating, and salivation. Contrast voluntary nervous
system.

ligand. A chemical substance that binds to a receptor on neurons or other
cells

limbic system. A conceptual grouping of brain components that are anatomi-
cally and functionally linked and are involved in the coordination and con-
trol of emotional and motivated behavior such as mating, feeding, drink-
ing, and aggression

lordosis. A mating posture in the females of some animals, such as the rat;
elevation of the rump and vaginal opening to facilitate penile insertion

nerve fiber. Elongated component of a neuron that extends beyond the brain
and spinal cord and conveys neural activity to or from the periphery (e.g.,
skin, muscles, viscera). In humans, individual nerve fibers are typically finer
than a human hair and may be several feet in length.

neurohormone. A substance produced by a neuron and released directly into
the bloodstream, which conveys it to another site in the body where it acts
on a gland or a smooth muscle
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neuroleptics. A class of drugs used for the treatment of psychosis (e.g., for
schizophrenia)

neuromodulator. A substance produced by a neuron that, when released into
the synapse, changes the responsiveness of postsynaptic neurons to stimuli
impinging on them, without actually stimulating those postsynaptic neu-
rons to fire

neuropeptide. A peptide (a chain of amino acids) produced by a neuron that,
when released into the synapse, can act as a neurotransmitter or a neuro-
modulator

neurotransmitter. A substance produced by a neuron that, when released
into the synapse, stimulates or inhibits postsynaptic neurons, muscles, or
glands

nongenital orgasm. Feelings that have the properties of genital orgasm but
are elicited by stimulation of, and are experienced in, parts of the body
other than the genitals

nucleus of the solitary tract (NTS). An elongated cluster of neurons in the
medulla oblongata (in the lower brainstem just above the spinal cord) to
which the vagus nerves transmit sensory activity originating in thoracic,
abdominal, and some pelvic viscera (e.g., heart, stomach, and cervix)

open-label study. A research design in which the (human) research subjects
and the researchers know the identity of the substance being administered
for testing. Contrast double-blind study.

oxytocinergic. Describing a neuron that produces or responds to the neu-
rotransmitter oxytocin

parasympathetic division. Part of the autonomic nervous system; neurons
that emanate from the brain or sacral region of the spinal cord that control
“rest and recuperation” functions of the body (e.g., digestion and slowing
of the heartbeat). Also controls penile erection. Contrast sympathetic divi-
sion.

paraventricular nucleus of the hypothalamus (PVN). A cluster of neurons in
the anterior hypothalamus of the brain that are the major source of oxy-
tocin in the body. When activated (by nipple or genital stimulation and
during orgasm), these neurons release oxytocin into the bloodstream via
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axonal projections to the posterior pituitary and axonal projections into
the spinal cord.

perineum. The skin region between the anus and the vulva or scrotum

PET (positron emission tomography). A method of imaging brain activity
by measuring regional concentrations of an intravenously injected short-
lived radioactive substance. As the neuronal activity in a specific region
decreases or increases, the blood flow and thus the local concentration of
radioactivity decreases or increases. The locations of regional concentra-
tions of radioactivity are mapped in three dimensions by computer and su-
perimposed on anatomical brain scans, providing information on regional
changes in brain activity (e.g., in relation to specific sensory stimulation,
cognitive tasks, behavior).

placebo-controlled study. A research design in which an intentionally inef-
fective substance (e.g., “sugar pill”) or treatment is administered to some
research subjects and the outcomes are compared with the effects of the ex-
perimental substance or treatment on other research subjects in the study

portal vessel. A type of blood vessel characterized by a capillary bed at both
ends, in contrast with the more common type that has a capillary bed at
one end, the other end opening as a tube directly into the heart, lung, or
another blood vessel. For example, the portal vessel system between the hy-
pothalamus and the anterior pituitary gland collects “hypothalamic releas-
ing hormones,” peptides released from the axon terminals of hypothalamic
neurons, and conveys them a short distance (less than an inch) to individual
hormone-producing cells in the anterior pituitary gland.

reafferent. Describing a sensory response from an organ that is triggered by
its initial sensory response. For example, sensory activity generated by me-
chanical stimulation of the uterus releases oxytocin from hypothalamic
neurons into the bloodstream, and the oxytocin stimulates contraction of
uterine muscle. The uterine sensory activity generated by the uterine con-
tractions is reafferent activity.

receptor. A protein molecule located on, or embedded in, a cell membrane or
within a cell (e.g., a neuron, a gland cell) that binds selectively to particular
ligands (e.g., neurotransmitters, hormones, drugs) and mediates a cascade
of metabolic reactions within the cell
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reflex. A stereotypical, relatively consistent, specific response to a specific
stimulus, such as the knee-jerk, milk-ejection, or lordosis reflexes

retrograde ejaculation. Ejaculation of seminal fluid “backward” into the
urinary bladder instead of out through the urethra. This may occur after
prostatectomy, which disrupts the neural coordination of the urogenital
sphincter muscles.

reuptake. A process by which neurotransmitters, having been released from a
neuron to act on postsynaptic neurons, are taken back into the neuron that
released them and made available for reuse

serotonergic. Describing a neuron that produces or responds to the neu-
rotransmitter serotonin

sex steroids. A class of hormones secreted by the ovaries or testes that are
differentiated by relatively minor variations on a common chemical (“ste-
roid”) structure. Include estrogens, androgens, and progestins.

spinal cord. The neurons in the spine (vertebral column) that convey sensory
neural impulses from the periphery (e.g., limbs, trunk, viscera) back to the
periphery (i.e., spinal reflexes) and to the brain, and convey motor impulses
from the brain to the periphery. The spinal cord is divided into four main
sections: cervical (neck: between skull and topmost rib), thoracic (chest or
upper back: the level of the ribs), lumbar (lower back: between lowest rib
and top of pelvis), and sacral (level of the pelvis).

spinal nerves. The sensory and motor nerves connected directly to the spinal
cord that convey neural impulses to and from the periphery. A left-right
pair of sensory and motor spinal nerves passes between the spinal cord and
periphery at the junctions between each two successive vertebrae.

SSRIs (selective serotonin reuptake inhibitors). A class of drugs used for the
treatment of depression

sympathetic division. Part of the autonomic nervous system; neurons that
emanate from the thoracic and lumbar regions of the spinal cord that con-
trol “fight or flight” (mobilization of the body’s “physical plant” for ac-
tion). Activation increases heart rate and blood pressure, dilates the air-
ways of the lungs to increase airflow, and shunts blood to the limb muscles
and away from the viscera (e.g., stomach, intestine). The net effect is to
increase the supply of oxygenated blood to the muscles involved in stren-
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uous action. Activation also produces ejaculation. Contrast parasympa-
thetic division.

tonic. Describing persistent, steady contraction of muscle, as in muscle
“tone.” For example, standing “at attention” involves tonic contraction of
the postural muscles of the back and legs.

vasculogenic. Capable of the formation and growth of blood vessels

vasodilation. Dilation of blood vessels, allowing more blood to flow to the
region served by those vessels

voluntary (striated) muscle. Muscle that is controlled “voluntarily,” such as
limb, trunk, and facial muscles. Under the microscope, these muscles are
structurally striated. Contrast involuntary (smooth) muscle.

voluntary nervous system. The neurons of the brain and spinal cord, and the
related peripheral nerves that control the “voluntary” muscles (e.g., of the
limbs, trunk, face). Contrast involuntary (autonomic) nervous system.
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