
New Data Intensifir the 
Agony Over ~csta;; 
The wntroveny over entag-an abused desgner dm8 that 
may sometimes be a usefil aid in psychotherapy-is far porn 
settled, 1eaPing its legal status uncertain 

E CSTASY, a potentially dangerous de- 
signer drug, appears to be growing 
in popularity among some college 

students. At the same time, researchers 
studying the drug's effects in animals are 
coming up with disturbing data about its 
toxicity to brain cells. 

Some psychiatrists advocate the use of 
ecstasy in psychotherapy, but none has ever 
done a controlled clinical trial with the drug, 
making its precise toxicity or efEcacy in 
people impossible to determine. The result 
is a confbsing and often contradictory pic- 
ture of ecstasy's effects, and the turmoil has 
led to several changes in the drug's legal 
status (see box). 

There appears to be no doubt, however, 
that in animals ecstasy-also known as XTC, 
Adam, MDMA, or MDM-produces neu- 
rological damage. In rodents and primates, 
the drug injures a specific population of 
nerve cells in the brain that use serotonin as 
a neurotransmitter. 'We can give 10,000 
times the human dose of LSD to a rat and it 
does not cause serotonin neurotoxicity. But 
two to three times the human dose of ecstasy 
will damage serotonin neurons in the mon- 
key," says Stephen Peroutka of Stanford 
University School of Medicine. Whether 
this toxic effect is permanent and whether 
ecstasy similarly damages neurons in the 
human brain is still unknown. 

To date, no one has done a formal epide- 
miological study on how widely used ecstasy 
is. But a recent informal survey at Stanford 
indicates that about one-third of its under- 
graduates have used ecstasy at least once. 
'The most important question now is 
whether this drug is a human neurotoxin," 
says Peroutka. "And there may be some 
anecdotal evidence to suggest that it is." 

Ecstasy, or 3,4-methylenedioxymetham- 
phetamine (MDMA), is a drug hybrid-a 
cross between the hallucinogen, mescaline, 
and the stimulant, amphetamine. Despite 
the lack of scientific data about the effects of 
MDMA in humans, anecdotal accounts of 
its effects are abundant. "This is a very 
seductive drug," says Peroutka, who pre- 
sented information about the drug at the 
recent Winter Conference on Brain Re- 

search." "Ninety percent of the students 
who tried the drug said they felt euphoric, 
more verbal, and had a sense of closeness 
with other individuals." But during this 
acute phase of the drug's effects, most users 
also experience jaw clenching, teeth grind- 
ing, and an increased alermess that is not 
conducive to studying. 

The drug causes a-distinct hangover and 
by the second day its negative side effects are 
pronounced. More than 30% of 369 stu- 
dents in the informal survev rewrted drows- 
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iness and muscle aches, including sore jaw 
muscles. About 20% reported depression 
and difKdty concentrating. Although stu- 
dents often use the drug at parties, they 
avoid school nights because the effects the 
second day c k b e  so bad, says Peroutka. 
And, with subsequent use of MDMA, the 
"good" effects often decrease and the "bad" 
ones can magnify. 

These effects, both acute and delayed, are 
somewhat similar to those described by 
Richard Ingrasci of Watertown, Massachu- 
setts, a in private practice. In- 
grasci strongly advocates the use of MDMA 
in psychotherapy and has testified at the 
Drug Enforcement Administration (DEA) 
hearings that one or two doses of the drug 
can be remarkably effective in helping pa- 
tients gain needed insight that they may not 
otherwise achieve. 

"Over a 5-year period, I administered 
MDMA to individuals and couples-about 
250 people in total," says Ingrasci. "The 
drug eliminates anxiety and defenses. People 
were able to achieve insight into their emo- 
tional makeup." 

~ c c o r d i n ~ i o  a spokesman for the Ameri- 
can Psychiatric Association, which has more 
than 34,000 members, very few psychiatrists 
have ever administered MDMA to patients 
as an adjunct to psychotherapy. 

Other anecdotal information indicates 
that MDMA and a closely related drug were 
associated with five deaths in humans. But 
neither MDMA nor MDEA (3,4- methyl- 
enedioxyethamphetamine) could be Pin- 

*The Winter Conference on Brain Research was held 
from 23 m 30 January at Steambt Springs, Colorado. 

pointed as the direct cause of any of the 
deaths. Reporting in the 27 March 1987 
issue of the four& ofthe American Medical 
Rrsohtiun, Graeme Dowling of the univer- 
sities of Calgary and Alberta in Canada and 
his colleagues wrote, "Death as a conse- 
quence of the use of these drugs appears to 
be rare, but it does occur; this outcome may 
be more common in individuals with under- 
lying cardiac disease." 

The most concrete information about the 
biological action of MDMA comes from 
animal studies. George Ricaurte of the Insti- 
tute for Medical Research in San Jose, Cali- 
fornia, and his colleagues find that in rats 
and monkeys, repeated injections of 
MDMA selectively destroy the endings of 
nerve cells in the brain that release seroto- 
nin, also called 5-hydroxywyptamine, as a 
neurotransmitter. But research also shows 
that different animal species vary in their 
response to the drug. 

"The monkey is much more sensitive to 
MDMA, with respect to serotonin deple- 
tion, than the rat," says Ricaurte, who also 
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MDMA 
Damaged neurons. Br&ht areas in 
sections though rat brain stem show (A) 
nmmal staining fw serotonin uptake sites and 
(B) &creased staining in MDMA-treated 
rat. The brght areas in the midlines of  both 
brains indicate that, in the rat, cell bodies of 
serotonin neurons are r e l a t i e  unaffected by 
MDMA. [Photo courtesy of E. De Swza and 
G. Batt~@a] 
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spoke at the meeting. 'We see a dose- 
response effect with the drug. The highest 
dose in monkeys [which is about two to 
three times the human dose] produces a 
90% depletion of serotonin nerve terminals. 
And in the cell bodies of neurons in the 
dorsal raphe nucleus, a group of nerve cells 
located at the base of the brainstem, we see 
abnormal inclusion bodies. So in the mon- 
key, MDMA has effects on nerve cell bodies, 
not just on the terminals." 

In their most recent experiments, Ri- 
caurte, Lou DeLanney, Ian Irwin, and Wil- 
liam Langston, also of the Institute for 
Medical Research, find that a single oral 
dose of MDMA does produce toxicity on 
serotonin neurons in the monkey. This dose 
is two to three times higher than a typical 
single dose taken by a person. "The oral 
route is at least one-half as effective as the 
injected route for the drug," says Ricaurte. 
"The single dose is less toxic but it still 
produces a 30% depletion of serotonin neu- 
rons, so the effect is smaller and it is not as 
widespread." Ricaurte and his colleagues 
measured these effects 2 weeks after giving 
the monkeys a single oral dose, a time at 
which he believes any neurotoxic effects 
should be evident and any pharmacological 
effects of the drug should have worn off. 
What Ricaurte does not know, however, is 
how long the effects on serotonergic cells 
last. "At the present time we have no idea 
how permanent these damaging effects are," 
he says. 

Errol De Souza of the National Institute 
on Drug Abuse and the Johns Hopkins 
University in Baltimore and Thomas Insel of 
the National Institute of Mental Health 
have monitored the behavioral effects of 
repeated doses of MDMA in monkeys. "For 
the first couple of days, there is no obvious 
change in behavior," says De Souza. "But on 
the third and fourth days, the monkeys just 
don't sleep. This is very characteristic of 
depletion of serotonin." In addition, De 
Souza notes that after injection of a single 
low dose of MDMA comparable to the 
amount a person takes, the monkeys become 
extremely passive. "They stop exploring 
their environment and we see changes in 
self-grooming behavior," he says. 

According to Ricaurte, the behavioral ef- 
fects of ecstasy are likely to be subtle because 
it interacts with serotonergic neurons. "One 
of the unique features of the serotonin sys- 
tem in the brain is that it sends out widely 
diffuse fibers that touch nearly every part of 
the neocortex," says Ricaurte. "Because of 
this widespread innervation, serotonin ap- 
pears to regulate mood and play a role in 
cognition, sleep, food intake, aggressive be- 
havior, sexual activity, and perception of 
pain. And with every one of these behaviors, 
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serotonin is thought to play an inhibitory 
role." Ricuarte reasons that if MDMA de- 
pletes the serotonin system in the human 
brain as it does in the monkey and rat brain, 
the removal of serotonin's influence might 
account for its disinhibiting effects in peo- 
ple. 

Perhaps the most pressing scientific issues 
about MDMA concern its mechanisms of 
action. For example, why do people quickly 
develop a tolerance to the desirable effects of 
MDMA but not to the undesirable effects? 
Is there a relationship between the first- and 
second-day effects of MDMA in people and 
the toxicity evident 2 weeks after drug ad- 
ministration to animals? Is the toxicity per- 
manent or can neurons recover? Is MDMA 
or a metabolite responsible for the observed 
effects in animals and people? And do the 
(+) and (-) isomers of MDMA, both of 
which are present in most preparations of 
the drug, differ in their biological effects? 

As yet, researchers can only speculate 
about most of the answers. 'The initial 
'high' with MDMA is probably due to sero- 
tonin release," says Peroutka. He proposes 
that MDMA stimulates the release of seroto- 
nin from neurons, particularly those in the 
dorsal raphe. (A neighboring group of nerve 
cells in the median raphe nucleus also pro- 
duces serotonin but is curiously unaffected 
by MDMA toxicity.) Under normal condi- 
tions, this initial depletion of serotonin from 
dorsal raphe neurons would be accompanied 
by reuptake of the transmitter into the ter- 
minal endings of the nerve cells that released 
it. Perhaps MDMA somehow alters the 
uptake process and the nerve cells remain 
depleted of serotonin. 

As a result of Stanford's experience with 
MDMA use among its undergraduates, the 
university is planning an information pro- 
gram for its students. Because MDMA 
causes such specific neurological damage, 
researchers may use the drug as a tool with 
which to probe the function of serotonin in 
the brain, which is still not well understood. 
At this point, however, it does not seem 
likely that any clinical testing of the drug 
will be ~ursued. m DEBORAH M. BARNES 
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Heart of Darkness 
There is increasing evidence that the familiar Andromeda galaxy harbors an ultra- 

massive black hole at its center-a behemoth more than ten times as big as the 
million-solar-mass hole thought to lurk in our own galactic core. A somewhat 
smaller hole also seems to reside within the tiny elliptical galaxy M32, which ap- 
pears in the photograph here just below Andromeda's central bulge. 

"Including our own galaxy that's three for three," says University of Michigan as- 
tronomer Douglas 0. Richstone, who reviewed the evidence at the recent meeting 
of the American Astronomical Society in Austin, Texas. "So if you're an optimist, 
then you can believe that there is at least one black hole per galaxy." Furthermore, 
he says, if quasars and the highly active Seyfert galaxies really are powered by mat- 
ter falling into ultramassive black holes, as theory suggests, "then maybe every gal- 
axy was once a quasar or a Seyfert." 

In essence, says Richstone, the argument is that the innermost stars in M31 and 
M32 are moving too fast to be gravitationally bound. So some huge, unseen mass 
at the center must be holding them in. This is not a new argument, of course. But 
recently a night of exceptionally good observing conditions gave Alan Dressler of 
the Mount Wilson and Las Campanas Observatories a chance to obtain some ex- 
ceptionally high-quality data. By comparing those data with computer simulations, 
Richstone was then able to rule out alternative explanations and to obtain approxi- 
mate masses for the black holes: 50 million solar masses for Andromeda and 5 mil- 
lion solar masses for M32. The Andromeda black hole is big enough that the gal- 
axy may well have spent its adolescence as a Seyfert galaxy, he says. Conceivably it 
could have even been a modest-sized quasar. m M. MITCHELL WALDROP 
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