
sensitive than are humans, and therefore may not be a useful
model for humans.'

Leonard A. Sagan, MD
Electric Power Research Institute
Palo Alto, Calif
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Ecstasy, the Serotonin Syndrome, and Neuroleptic
Malignant Syndrome--A Possible Link?
To the Editor.-We read with interest the report on 3,4-
methylenedioxymethamphetamine (ecstasy).' The toxic ef-
fects of this drug-hyperthermia, autonomic instability, in-
creased motor restlessness, and death by renal failure-ap-
pear to be similar to certain features of both the "serotonin
(5-HT) syndrome'" and neuroleptic malignant syndrome
(NMS).

The serotonin syndrome has been reported indepressed
patients who are taking a combination of medications that
enhance central nervous system serotonin function such as
tryptophan, monoamine oxidase inhibitors, and other anti-
depressant medications. The most frequently reported symp-
toms that comprise the syndrome are changes in mental
status, restlessness, myoclonus, hyperreflexia, diaphoresis,
shivering, and tremor. The precise etiology of the syndrome
is unclear, although some evidence supports the theory that
it is caused by hyperstimulation ofthe 5-HTIA receptor in the
brains tern and spinal cord. This is based on animal research
in which 5-HT2 antagonism with specific 5-HT2 antagonists,
mianserin hydrochloride and pipamperone, could not reverse
the serotonin syndrome in rats, but nonselective 5-HT an-
tagonists, such as cyproheptadine hydrochloride, were able to
reverse the syndrome, presumably through 5-HT1A receptor
blockade.

In humans, methysergide maleate, a nonspecific serotonin
antagonist, has been used to successfully treat the serotonin
syndrome," as have l3-blockers,4 which also act as 5-HT1A
antagonists. Perhaps these therapies could be used in cases
of ecstasy toxic effects.

Neuroleptic malignant syndrome occurs in psychiatric pa-
tients who are treated with dopamine-blocking agents, and
its etiology is unclear. The most commonly agreed on features
of NMS are hyperthermia, rigidity, fluctuating conscious-
ness, and autonomic instability.Y The acute depletion ofdopam-
ine is thought to account for the profound rigidity seen in
these patients. The subsequent hyperthermia, tachycardia,
elevated creatinine phosphokinase levels, and renal failure
from rhabdomyolysis may result from this rigidity. Treat-
ment of NMS usually involves neuroleptic discontinuation,
use of adjunctive bromocriptine, and/or dantrolene sodium
and supportive measures such as cooling blankets, hydration,
and respiratory support. Again, these measures, with the
exception of bromocriptine, may be useful in the treatment
of ecstasy toxic effects.

Ecstasy is a "messy" drug. Its structural similarity to
amphetamines suggests that it effects both dopamine- and
serotonin-containing neurons. Hence, its toxic effects res em-
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ble both NMS and the serotonin syndrome. Because of the
interplay between these two neurotransmitter systems in the
brain (eg, 5-HT2 antagonism increases firing of dopamine
neurons in animals)," the serotonin syndrome and NMS may
represent a spectrum of adverse effects that occur when
there is perturbation in the balance of these two neurotrans-
mitters. Ecstasy may exert its toxic effects by its combined
effects on both these systems.

Donna Ames, MD
William C. Wirshing, MD
UCLA
Los Angeles, Calif
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In Reply.- The report of toxic reactions to the designer drug,
ecstasy, in Ms Randall's' report bears a striking resemblance
to the serotonin syndrome reported in psychiatric patients,"
Like some patients with the serotonin syndrome, individuals
who used ecstasy were noted to have hyperthermia, tachy-
cardia, disseminated intravascular coagulation, rhabdomyo-
lysis, and acute renal failure.

The serotonin syndrome is characterized by some or all of
the following symptoms: hyperthermia, tachycardia, auto-
nomic instability, agitation, diaphoresis, myoclonus, shiver-
ing, tremor, and mental status change (ie, confusion or deliri-
um)," Clinical reports describe symptoms ranging from very
mild to life-threatening. We previously reported a near-fatal
case in which the patient developed hyperthermia, dissem-
inated intravascular coagulation, rhabdomyolysis, and acute
renal failure,"

The serotonin syndrome has been reported in patients who
are treated with a combination of agents that markedly en-
hance brain serotonin activity. The most common seroton-
ergic drug interactions associated with this syndrome include
monoamine oxidase inhibitor (MAOl)-tryptophan, fluoxetine-
MAOI (a contraindicated combination), fluoxetine-tryptophan,
and MAOI-meperidine hydrochloride," The serotonin syn-
drome has been produced in animals with a variety of sero-
tonergic drugs and is characterized by rigidity, tremor, my-
oclonus, seizures, Straub tail, lateral head shaking, and au-
tonomic instability. The fact that nonselective serotonin (5-
HT) antagonists such as methysergide, cyproheptadine, and
metergoline can block the serotonin syndrome in animals
further indicates that 5-HT receptor activation mediates the
serotonin syndrome.'

Since ecstasy (MDMA) augments central serotonin func-
tion by stimulating neuronal serotonin release, it is likely that
some of the reported cases of ecstasy toxic effects represent
the serotonin syndrome. Furthermore, it is possible that the
amino acid drinks ("smart drinks") that individuals ingest in
addition to ecstasy (during the all-night dance sessions or
"raves") contain significant levels of tryptophan, which could
markedly enhance the serotonergic effect of ecstasy.

Current treatment of the serotonin syndrome involves the
immediate removal of suspected medication(s) and various
supportive measures. In severe cases, these may involve
active cooling or dantrolene sodium for hyperthermia, anti-
convulsants for seizures, or monitoring in an intensive care
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unit. Although prospective treatment data are lacking, one
might consider the use of serotonin antagonists such as me-
thysergide or cyproheptadine as adjunctive treatment for the
serotonin syndrome.

Richard Friedman, MD
New York, NY
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Heterosexual Transmission of HIV
TotheEditor.- We are pleased to see a feature in the medical
literature addressing the fact that the right health education
message may not be enough to protect women against human
immunodeficiency virus (HIV) infection.' The issue of wom-
en's ability to perceive themselves at risk and to negotiate
safer sex and the role of society's perceptions of masculinity
have been discussed, particularly in the sociological and an-
thropologicalliterature, for some time,"

We would, however, like to take issue with Dr Guinan's
assertion that a comprehensive program to prevent HIV
infection to women should emphasize "having one lifetime
partner."!

Health education campaigns aimed at heterosexual trans-
mission of HIV infection have often centered on recommend-
ing monogamy, particularly in Africa, or at least have pre-
sented casual sex as the main risk. We believe that this is not
an accurate reflection of risk of HIV transmission to women
and may cause a false sense of security in those following the
advice. If most heterosexual intercourse involving infected
individuals took place in stable relationships, long-term part-
ners are most at risk from unprotected sex," In Sweden, 53
heterosexual partners of people with HIV infection were
infected: 32 by steady partners and 21 by casual partners. In
the United States, having a partner who used drugs, but not
the number of partners, carried a significant risk of HIV
infection. Of 35 women who acquired HIV heterosexually in
Copenhagen, 10 were infected by a cohabiting partner. In the
United Kingdom, 80% of women with heterosexually con-
tracted acquired immunodeficiency syndrome (AIDS) were
infected by a long-term partner.' In Rwanda, the prevalence
of HIV infection among women reporting a single lifetime
sexual partner was 21%.5

The emphasis on promiscuity and prostitution in research
on AIDS and women, especially in Africa, may reflect an
interest in women as transmitters, rather than recipients, of
infection. It has also been suggested that this results from a
perception of women as either bad (promiscuous and at risk)
or good (monogamous and not at risk),"

The emphasis on monogamy ignores the fact that an in-
creasing number of men are infected, and mostly not through
heterosexual contact. Even a recommendation of monogamy,
except with partners in at-risk groups, presupposes that
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most women are aware of their partners' risk activities. In
the study in Copenhagen, only one of the 25 women with
partners in a high-risk group was aware of the partner's risk
activities when the relationship started.

The emphasis on monogamy can give women a false sense
of security: in the same study in Rwanda, 24% of the women
who did not regard themselves as being at risk (most of whom
were in monogamous relationships) were already infected,"

We believe the message should be that unless conception
is desired, all sex should be safe sex, and conditions should be
created to make this possible for all women.

Laura C. Rodrigues, PhD
Claudia Garcia Moreno, MD
University of London (England)
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In Reply.-Drs Rodrigues and Garcia Moreno do not define
safe sex, and therefore, their recommendations are unclear.
The risk of acquisition of HIV increases with increasing num-
ber of sex partners. We should teach our children that having
intercourse with multiple partners is unhealthy and also how
to protect themselves if they choose to have sex. Both mes-
sages are also essential for adults. Which one is emphasized
may depend on the particular clinical situation, but neither
message should be excluded ..

Mary E. Guinan, MD, PhD
Centers for Disease Control and Prevention
Atlanta, Ga

CORRECTIONS

Addition to Affiliation.-In the Original Contribution entitled "Sur-
vival Rates With Coronary Artery Disease for Black Women Com-
pared With Black Men," published in the October 14, 1992, issue of
THE JOURNAL(1992;268:1867-1871), the affiliation footnote at the
bottom of the first column on page 1867 should include the following:
"Drs Cooper and Ghali were affiliated with Cook County Hospital,
Chicago, Ill, during the time of data collection for this study."

Incorrect Percentage.-In the Letter entitled "The AMA and the
Physicians Committee for Responsible Medicine," published in the
August 12, 1992, issue of THE JOURNAL(1992;268:788-789), an enol'
occurred in the reply on page 789. The first sentence of the last
paragraph of this reply should read as follows: "The PCRM has failed
to gain widespread acceptance among the medical community and its
membership represents less than 0.5% [not 0.005% 1 of the total US
physician population."
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