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tion of serotonin (5-HT) in the rat brain which 
appears to be independent of the long-term 
damage to the neurons. In the case of MDMA, 
this acute depletion of 5-HT has been shown to be 
due to both a rapid inactivation of tryptophan 
hydroxylase (TPH) and the carrier-mediated re- 
lease of 5-HT from the neuron (Schmidt and 
Taylor, in press). These alterations occur at 
MDMA and PCA doses well below those required 
to produce neurotoxicity and, hence, represent a 
unique pharmacological activity. The mechanism 
actually responsible for the loss of TPH activity 
after either drug is unknown, however. The experi- 
ments described in this report further characterize 
the acute effect of MDMA on TPH activity in the 
rat brain. 

2. Materials and methods 

2.1. Drug administration 

Male Sprague-Dawley rats (200-250 g unless 
noted otherwise) were maintained on a 12 h light- 
dark cycle with free access to food and water. 
MDMA was administered as the free base in 
saline. All animals were sacrificed by decapitation 
and the brains were rapidly dissected on ice. The 
area of the brainstem raphe nuclei was taken by 
making a coronal cut between the colliculi to the 
rostral end of the pons. Another cut was made 
through the brainstem at the distal end of the 
fourth ventricle. The inferior colliculi were then 
removed by a horizontal cut. All tissues were 
stored at - 8 0  °C  until assayed. 

MDMA was synthesized as the hydrochloride 
salt according to Braun et al. (1980) as described 
previously (Schmidt et al., 1987a). The resolved 
enantiomers of MDMA werg provided by the 
National Institute on Drug Abuse (NIDA). 

2.2. Determination of tryptophan hydroxylase activ- 
ity and indolamine concentrations 

TPH activity was assayed by the coupled 14CO2 
trapping assay described previously (Hotchkiss et 
al., 1979; Schmidt and Taylor, in press) with the 
exception that aromatic L-amino acid decarboxy- 

lase was partially purified from bovine kidney as 
described by Lovenberg and Engelman (1971). 
Radioactivity was determined on a Beckman LS 
5801 scintillation counter with quench correction; 
TPH activity is expressed as nmoles of tryptophan 
oxidized per g tissue or per mg protein for tissue 
slices or synaptosomes, respectively. Protein was 
assayed by the method of Bradford (1976). All 
reagents were from Sigma Chemical Co. (St. Louis, 
MO). [1-14C]Tryptophan (50 mCi /mmol)  was 
purchased from New England Nuclear (Boston, 
MA). 

Brain concentrations of 5-HT and its metabo- 
lite 5-hydroxyindolacetic acid (5-HIAA) were 
determined by high performance liquid chro- 
matography with electrochemical detection as 
described previously (Schmidt, 1987a). For striatal 
tissues, the concentrations of dopamine and its 
metabolites dihydroxyphenylacetic acid (DOPAC) 
and homovani l l ic  acid (HVA) were also 
determined (Schmidt et al., 1986). 

2.3. Superfusion of cortical slices 

Cortical slices (0.25 x 0.25 mm) were prepared 
on a McIlwain tissue chopper, washed once in a 
Krebs-Ringer bicarbonate buffer (KRB) and 
divided among eight chambers of a superfusion 
system described previously (Schmidt and Gibb, 
1985). The slices were superfused for 2 h with 
KRB containing 10 /~M tryptophan. Four of the 
chambers were superfused with KRB containing 
250/xM MDMA while four chambers functioned 
as controls. At the termination of the experiment 
the slices were removed from the chambers, pel- 
leted at 1000 x g  and frozen at - 8 0 ° C  until 
assayed for TPH activity. 

2.4. P-815 cultures 

The murine mastocytoma cell line P-815 was 
grown in high glucose Dulbecco's Modified Eagle's 
Medium (Gibco) with 10% heat-inactivated fetal 
calf serum (ABI) and penicillin-streptomycin, 100 
U / m l  and 100 #g /ml ,  respectively (Gibco). Cells 
were plated at a density of 2.5 x 105/ml in a total 
of 8 ml in 25 cm 2 flasks. In experiments with 
MDMA, the cells were incubated with MDMA 



overnight (18 h) and harvested the following day. 
The contents of each flask were pelleted by 
centrifugation and frozen at - 8 0  ° C  until assayed 
for TPH activity. 

2.5. Stereotaxic injections 

Rats were maintained under methoxyflurane 
(metophane) anesthesia for all stereotaxic proce- 
dures. Animals were positioned in a Kopf  model 
900 small animal stereotaxic apparatus, the skull 
was exposed and a small burr hole was made 
above the site of the injection. The coordinates for 
all the injection sites were verified by dye injection 
on test animals prior to the administration of 
MDMA.  For i.c.v, injections the coordinates used 
were: 1.0, 0.9-1.1, and 3.5 mm below the dura. The 
values for the raphe and substantia nigra injec- 
tions were -7 .5 ,  0, 6.0 and -5 .3 ,  2.0, 7.5 mm, 
respectively. All injections were made relative to 
bregma according to Paxinos and Watson (1982). 
The volume for the i.c.v, injections was 20/t l  while 
2 /~1 volumes were used for both the nigral and 
raphe injections. M D M A  was dissolved in saline 
while control animals receive saline alone. The 
latter injections were carried out over a 10-min 
period. After the injection the burr hole was sealed 
with bone wax and the scalp closed with wound 
clips. The animals were placed into individual 
cages for observation and allowed to recover for 3 
h. Tissues were collected and stored as already 
described. 

2. 6. L c.v. infusions 

Animals were prepared for stereotaxic implan- 
tation as described above. All cannula compo- 
nents were purchased from Plastic Products Co. 
(Roanoke, VA). The placement of the cannulas 
was first verified by dye injection on test animals 
prior to implantation of an experimental group. 
Guide cannulas (22 gauge) were positioned in the 
right cerebral ventricle and attached with dental 
cement to a small machine screw also inserted in 
the skull. A dummy cannula was then inserted 
into the guide cannula, the scalp was closed with 
wound clips and the animals were allowed 2-3 
days to recover. For the infusions, an internal 
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cannula was inserted into the guide cannula and 
the animals were attached by a swiveled tether 
system (Stoelting Co., Chicago, IL) to a Razel 
Model A99 syringe pump (Stanford, CT). The 
animals were then placed in drum-shaped, clear 
plastic observation chambers for the duration of 
the experiment. One control (saline) and one 
M D M A  animal were routinely infused simulta- 
neously to allow a comparison of behavior. A 
constant infusion rate of 40 /~l/h was used in all 
experiments to minimize changes in cerebrospinal 
fluid pressure as described by Osborne et al. (1986). 
At the termination of the experiment, the animals 
were disconnected from the infusion apparatus 
and sacrificed by decapitation. Samples of the 
brain regions were collected and stored as de- 
scribed above. 

3. Results 

3.1. Time course of  the acute neurochemical effects 
o f  M D M A  

Rats were administered 10 m g / k g  M D M A  by 
s.c. injection and sacrificed at various times there- 
after for the determination of regional TPH activ- 
ity as well as concentrations of 5-HT and 5-HIAA. 
Control animals received saline and were sacrificed 
at 3 h. M D M A  produced similar changes in the 
measured parameters for all three regions. As 
shown in fig. 1, the loss of TPH activity uniformly 
preceded the decline in 5-HT concentrations. In 
the cortex, TPH activity was depressed as soon as 
15 min after M D M A  administration, while 5-HT 
levels were not significantly reduced until 30 min. 
Striatal TPH was similarly depressed by 15 min 
while the transmitter concentrations were not re- 
duced to a significant extent until 2 h. In the 
hippocampus, TPH activity was significantly re- 
duced by 30 min and 5-HT levels by 60 min. The 
concentration of the 5-HT metabolite, 5 -HIAA 
increased in all three regions shortly after drug 
administration before paralleling the loss of 5-HT 
at 2-3 h. The rise in 5-HIAA was particularly 
prominent in the cortex and hippocampus.  Similar 
results were observed in two separate experiments 
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Fig. 1. Acute  t ime  course  of  the neurochemica l  changes  f o l l o w  
ing the adminis trat ion  of  M D M A  (10 m g / k g  s.c.). Abso lute  
control  values  for T P H  act iv i ty  (nmol  o x i d i z e d / g  per  h) as well  
as 5 - H T  and 5 - H I A A  ( # g / g )  concentrat ions  were,  respec- 
tively: (A)  38.7 + 1.8, 0.25 + 0.01 and  0.14 + 0.01 ; (B) 28.0 + 2.0, 
0 . 3 8 + 0 . 0 3  and 0 . 3 8 + 0 . 0 2 ;  (C) 4 5 . 4 + 3 . 5 ,  0.41 + 0 . 0 3  and  0.29 
_ 0.02. * P < 0.05, * * P < 0.01, * * * P < 0.001 vs. sal ine con-  

trol by  the two-tai led Student's  t-test. 

although the onset of  the depression of TPH activ- 
ity varied from 15 to 30 min. 

The effect of  M D M A  on brainstem TPH activ- 
ity was of a lesser magnitude than in the forebrain 
regions reaching significance only at the 3 h time 
point. In contrast to the 50-60% losses of  enzyme 

activity in the serotonergic terminals of the hip- 
pocarnpus, cortex and striatum, TPH activity was 
reduced by only 25% in the brainstem (data not 
shown). Striatal concentrations of D A  and its 
metabolites were also determined. D A  concentra- 
tions were significantly elevated by M D M A  to 
134% of control by 60 rain. D O P A C  concentra- 
tions were reduced to 63% of control at the same 
time point. The concentration of HVA did not 
change significantly over the 3 h time course (data 
not shown). 

3.2. Stereochemical requirements for the loss of TPH 
activity following MDMA administration 

Rats were administered either the ( + )  or ( - )  
stereoisomer of M D M A  at a dose of  10 or 20 
m g / k g  and sacrificed 3 h later to determine if the 
loss of TPH activity following M D M A  could be 
attributed to one enantiomeric form of the drug. 
The results shown in fig. 2 for cortical TPH activ- 
ity indicate that either stereoisomer of  M D M A  
can produce a depression of enzyme activity simi- 
lar to that observed following administration of 
the racemate. 

3.3. Effects of MDMA on serotonergic parameters 
in in vitro systems 

In an effort to clarify the effect of  M D M A  on 
TPH activity, the effect of  the drug on several in 
vitro models  of  serotonergic funct ion was 
examined. One series of  experiments utilized corti- 
cal slices continuously superfused with 250 /~M 
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Fig. 2. Reduc t ion  in cortical  T P H  act iv i ty  3 h after the admin-  
istration of  ( - ) or  ( + )  M D M A  by s.c. injection.  * * * P < 0.001 

vs. sal ine contro l  by  the two-tai led Student's  t-test. 



TABLE 1 

Effect of  M D M A  on serotonergic parameters in cortical syn- 
aptosomes and superfused cortical slices. 

TPH nmol oxid ized/mg 
protein per h 

Superfused control 0.322 + 0.022 
(100 ±6.8) 

2 . 5 x 1 0  -4  M M D M A  0.349_+ 0.043 
(108.4 ___ 13.4) 

Frozen control 0.448 _+ 0.055 (4) 

M D M A  in a KRB buffer containing glucose and 
constantly bubbled with 95% 02-5% C O  2. In 
addition, 10 #M tryptophan was added to the 
KRB to maintain substrate levels for TPH. As 
shown in table 1, comparison with cortical slices 
kept frozen during the 2 h incubation indicated a 
small, but nonsignificant, loss of TPH activity 
during superfusion. However, exposure to M D M A  
had no additional effect on TPH activity in the 
slices. Similar results were observed with P2 corti- 
cal synaptosomes incubated for 2 h at 37 °C  with 
concentrations of M D M A  up to 100 /~M. Al- 
though 5 -HT and 5 - H I A A  concentra t ions  
decreased in the synaptosomes, TPH activity was 
unaffected by M D M A  (data not shown). 

In a final at tempt to reproduce the effect of 
M D M A  in vitro, we selected the murine mast cell 
line, P815, as an appropriate cell culture system to 
test. These cells contain easily measured levels of 
T P H  activity as well as-5-HT (Levine et al., 1964). 
For  these experiments, P815 cultures were 
incubated with or without 250/~M M D M A  for 18 
h. Subsequent measurement of TPH activity in the 
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cultures showed M D M A  to be without effect on 
enzyme activity (data not shown). 

3.4. Effect of direct injections of MD MA into the rat 
brain 

To determine if the acute effects of M D M A  
could be duplicated by direct application of the 
drug into the brain, three groups of rats were 
administered M D M A  by stereotaxic injection un- 
der methoxyflurane anesthesia. The regions cho- 
sen as sites of injections were the cerebral 
ventricles, the dorsal raphe and the substantia 
nigra. Each animal was sacrificed 3 h after the 
injection and observed for behavioral effects dur- 
ing the intervening period. Under  the conditions 
used, 300 #g M D M A  was the highest dose 
tolerated since higher doses appeared to produce 
respiratory depression. In the case of the i.c.v. 
injections, neither cortical nor striatal TPH activ- 
ity (not shown) were altered by MDMA.  Cortical 
5-HT levels on the contralateral side and hippo- 
campal 5-HT concentrations were also unaffected 
by this treatment (not shown). A similar lack of 
effect on cortical TPH activity was observed when 
M D M A  was injected directly into the area of the 
brain containing the anterior raphe nuclei. Striatal 
and hippocampal indole levels in the same animals 
were also unaffected by MDMA. There were no 
behavioral effects apparent with either the i.c.v, or 
brainstem injections. 

The final set of injections were made into the 
right substantia nigra with striatal concentrations 
of dopamine, 5-HT and their metabolites being 

TABLE 2 

Effect of intranigral M D M A  (300 #g) on ipsalateral and contralateral monoamine and metabolite concentrations. 

Dopamine DOPAC HVA 5-HT 5-HIAA 
(it g / g )  (/~ g / g )  ( ~t g /g )  ( tt g / g )  ( # g /g )  

Saline 
Contralateral 11.3 + 0.9 1.14 5:0.20 0.82 + 0.12 0.63 + 0.04 0.58 ± 0.04 
Ipsalateral 9.8 + 0.4 1.74 + 0.38 1.18 _+ 0.25 0.60 ___ 0.07 0.62 ± 0.06 
I / C  (0.87) (1.53) (1.44) (0.95) (1.07) 

MDMA 
Contralateral 9.2 ± 0.2 0.94__+ 0.03 0.66 ± 0.04 0.49 + 0.04 0.63 _+ 0.10 
Ipsalateral 15.0 + 1.3 3.80 ± 0.30 2.71 + 0.22 0.57 + 0.03 0.56 _+ 0.03 
I / C  (1.63) (4.04) (4.11) (1.16) (0.89) 
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determined in both the ipsilateral and con- 
tralateral striata at 3 h. Table 2 provides the right 
to left differences for both saline- and MDMA-in-  
jected animals. Saline-injected animals showed no 
significant differences in any of the measured 
parameters between the left and right striata; 
however, intranigral M D M A  elevated dopamine 
and its metabolites in the striatum ipsilateral to 
the injection while having no effect on 5-HT or its 
metabolite, 5-HIAA. All animals in this group 
showed marked turning contralateral to the side of 
the injection. 

3.5. Effect of i.c.v, infusions of MDMA on TPH 
activity and 5-HT concentrations 

The lack of behavioral effects of intracranial 
injections of M D M A  suggested that adequate 
brain levels of the drug may not be achieved or 
sustained following a single administration. There: 
fore, a constant i.c.v, infusion was used to insure 
that behaviorally relevant concentrations of 
M D M A  could be maintained in the brain for a 
time period similar to that required to produce the 
neurochemical effects of M D M A  after peripheral 
administration. Rats (approx. 270 g) were fitted 
with stainless steel cannulas in the right ventricle 
and allowed 2-3 days to recover from the surgery. 
In preliminary experiments using a 2 h infusion, a 
high dose of M D M A  (6.5 mg/kg)  was adminis- 
tered to insure a neurochemical effect. All 
MDMA-treated rats showed marked contralateral 
turning starting at approximately 1 h into the 
infusion periods. Cortical TPH activity in these 
animals was reduced to 67 + 5% of control on the 
side of the infusion and 6 0 +  6% on the con- 
tralateral side; hippocampal TPH activity was re- 
duced by 30-40% on both sides. 

The next experiment utilized a total dose of 2 
mg/kg .  Brain concentrations of M D M A  were 
maintained by infusing the drug at a rate of 0.6 
m g / h  over 1 h then killing 2 h after the termina- 
tion of the infusion. As is shown in fig. 3A, the 
direct cerebral infusion of M D M A  produced a 
decrease in cortical and hippocampal TPH activity 
on the ipsilateral side of 33 and 36%, respectively 
(P <0.01). Although striatal TPH activity ap- 
peared to be affected to a similar degree, the 
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results were not statistically significant. The effect 
of M D M A  on contralateral cortical and hippo- 
campal 5-HT concentrations was similar to that 
observed for TPH activity with cortical levels of 
the transmitter decreasing 45% and hippocampal  
levels declining 47% (fig. 3B). Contralateral striatal 
5-HT levels were not significantly altered by 
MDMA. 

To insure that the effects observed with the 
infusion of the drug were due to a direct central 
effect of M D M A  and could not have occurred 
after cycling through the periphery, an acute 
dose-response experiment was conducted in which 
rats were killed 3 h after the s.c. administration of 
1, 2 or 4 m g / k g  MDMA. As shown in fig. 4A, 1 
m g / k g  M D M A  had no effect on cortical, hippo- 
campal or striatal 5-HT concentrations; however, 
a small, but significant effect on the cortical levels 
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was observed at 2 mg/kg.  Only striatal 5-HT 
concentrations remained unaffected at 4 mg /kg  
MDMA. Changes in regional TPH activity exactly 
paralleled changes in transmitter concentrations 
(fig. 4B). Striatal enzyme activity was unaffected 
at any of the three doses used while cortical 
enzyme activity was depressed by 22 and 33% at 2 
and 4 mg/kg,  respectively. Hippocampal TPH 
activity was reduced only at the high dose of 
MDMA (36%). 

The slight decrease in cortical TPH activity and 
5-HT, after 2 mg /kg  given by the peripheral route, 
left some question as to the possibility of such a 
dose having a peripheral effect even with central 
administration. To verify that the changes mea- 
sured after centrally administered MDMA were 
due to a local effect, the infusion experiments 

were again repeated at a lower dose. In this case, 
slightly smaller animals (approximately 220 g) were 
infused for 1 h with a total dose of 1 m g /k g  with 
the same paradigm as described above. The results 
of this experiment are shown in fig. 5. A pattern 
of changes in TPH activity very similar to that 
observed at the higher dose is apparent. Cortical 
and hippocampal enzyme activity fell approxi- 
mately 31 and 39%, respectively, while there was 
no significant change in striatal TPH activity. 
When 5-HT concentrations in the contralateral 
tissues were analyzed it was found that neuro- 
transmitter levels were not affected by MDMA in 
any of the three regions examined. Behaviorally, 
the MDMA and saline infused animals were al- 
most indistinguishable with the only difference 
being that saline-treated rats generally slept dur- 
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Fig. 5. Effect of continuous i.c.v, infusion of MDMA for 1 h at 
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• * P < 0.01 vs. saline control by the two-tailed Student's t-test. 

ing the experiment while MDMA-treated rats re- 
mained awake. 

4 .  D i s c u s s i o n  

The purpose of this study was to determine the 
requirements for the acute neurochemical effects 
of the psychedelic amphetamine analog, M D M A  
on serotonin synthesis. Previous work has demon- 
strated this effect is not merely an early phase of 
the neurotoxic action of the drug, but instead 
involves a loss in the Vma x activity of TPH, and 
the rapid carrier-mediated release of 5-HT from 
the serotonergic neuron (Schmidt and Taylor, in 
press). Several observations support the claim that 
this acute effect is independent of the neurotoxic- 
ity including the demonstration that acute effect 

of M D M A  can also be produced by its N-des- 
methyl and N-ethyl analogs, although the latter 
apparent ly  does not produce neurotoxicity 
Schmidt, 1987b; Stone et al., 1987). These data 
and related experiments have shown that the acute 
effect of M D M A  on TPH activity is a reversible 
phenomenon. In addition, while the neurotoxic 
effect of M D M A  is a property of the ( + )  enanti- 
omer of the drug, the acute depletion of 5-HT 
(Schmidt, 1987a) and the loss of TPH activity (fig. 
2) occur with either stereoisomer. 

We have previously demonstrated that the ef- 
fect of M D M A  on TPH activity is not a direct 
effect of the drug on the protein as it does not 
occur in homogenates (Schmidt and Taylor, in 
press). Attempts to interfere pharmacologically 
with the acute effect of M D M A  have also met 
with limited success. Complete protection from 
MDMA-induced 5-HT depletion can be achieved 
with the simultaneous administration of 5-HT up- 
take inhibitors, although the loss of TPH activity 
is only partially blocked (Schmidt and Taylor, in 
press). Antagonists at 5-HT receptors also par- 
tially block the MDMA-induced loss of TPH ac- 
tivity possibly implicating serotonergic transmis- 
sion in this effect (Schmidt and Taylor, in press). 

The detailed time courses presented in this 
study show an increase in 5-HIAA that occurs 
prior to the loss of T P H  activity which precedes 
the fall in 5-HT concentrations. Others have shown 
increases in 5-HIAA immediately after drugs al- 
tering TPH activity such as PCA and metham- 
phetamine (Peat et al., 1985). This would also 
suggest an increase in 5-HT turnover is involved 
in the acute effect of M D M A  on serotonergic 
neurons. Our results indicate that whatever action 
M D M A  has on serotonergic neurons to trigger 
these neurochemical effects, the intact animal is 
required for its production. High concentrations 
of M D M A  did not produce a significant loss of 
enzyme activity in either superfused cortical slices 
or cortical synaptosomes. 

Taken together with the apparent  lack of neu- 
rochemical effects after centrally injected MDMA,  
one plausible explanation for these results would 
be that the peripheral generation of an active 
metabolite is responsible for the acute neurochem- 
ical effect of MDMA. However, at tempts to mod- 



ify peripheral metabolism of M D M A  with the 
enzyme inducer, phenobarbital,  had no effect on 
MDMA-induced changes in TPH activity or 5-HT 
concentrations (Schmidt and Taylor, unreported 
observation). It might also be expected that the 
generation of an active metabolite of M D M A  
would be a stereoselective process as is the 
metabolism of PCA (Ames and Frank, 1982). 
However, the ability of M D M A  to affect TPH 
activity is not due exclusively to either enanti- 
omer. The inability of direct central injections of 
M D M A  to produce any neurochemical alterations 
in serotonergic parameters was at first confusing. 
However, the observation that there were no be- 
havioral effects of such a massive dose of centrally 
administered M D M A  suggested a very short brain 
half-life for the drug under these conditions. In- 
tranigral injections produced the only behavioral 
or neurochemical changes although these were re- 
stricted to the dopaminergic system. Interestingly, 
these changes contrast with those seen after pe- 
ripheral administration of MDMA. Similar to 
other amphetamines, peripheral M D M A  causes a 
transient elevation in DA levels with a drop in 
DOPAC concentrations. Intranigral injection of 
M D M A  produced a sharp elevation of DA and 
both its metabolites. Taken together with the turn- 
ing observed in these animals this would suggest a 
large increase in DA release in the striatum. How- 
ever, intranigral injection of 10 #g amphetamine 
has been shown to reduce DA metabolites (Zet- 
terstrom et al., 1986) indicating that either there is 
a qualitative change in effects as one increases the 
dose of an amphetamine or that M D M A  has 
fundamentally different effects upon local injec- 
tion than does amphetamine. 

This lack of behavioral effects with intracere- 
brally administered M D M A  led us to question the 
duration of time that brain concentrations of 
M D M A  may need to be maintained to produce 
the acute effects of the drug on serotonergic neu- 
rons. Using tritiated MDA, Marquardt et al. (1978) 
showed that 10% of a peripherally administered 
dose of the drug was present in the brain of rats 
within 30 min of injection. By 1 h this value was 
down to 4% and by 2 h to 2%. For a 3 mg dose of 
M D M A  this would translate to an approximate 
brain concentration of 300 /tg which would be 
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maintained for the first hour after drug adminis- 
tration. Infusion of 600 /~g M D M A  for 1 h (ap- 
proximately 2 m g / k g  total body dose) gave very 
clear neurochemical effects similar to those seen 
with the peripheral administration of much higher 
doses of M D M A  (compare fig. 3 and fig. 4). The 
continuous infusion of M D M A  for 1 h at one half 
this dose still produced the decrease in TPH activ- 
ity. It is worth noting that the total amount  of 
M D M A  administered to the low dose infusion 
group is t he  same as that administered by bolus 
injection centrally. In the latter case however, 
M D M A  had no effect on either T P H  activity or 
5-HT concentrations. Interestingly, there was no 
change in 5-HT concentration in any of the three 
regions examined at the lowest infusion dose. Close 
examination of the time course for the effect of 
M D M A  on TPH activity and 5-HT concentra- 
tions reveals that TPH activity does decline before 
5-HT concentrations. Therefore such a divergence 
in enzyme activity and transmitter levels can also 
occur with peripheral administration of MDMA.  

The results, therefore, show that the acute ef- 
fect of M D M A  on serotonin synthesis in the rat 
brain is a centrally mediated event. It is likely that 
the acute, reversible effect of related drugs, such 
as PCA, are initiated in a similar manner. The 
interpretation of the results cannot be extended to 
the neurotoxic effects of these drugs since long- 
term effects of these drugs may well be mediated 
by a peripheral metabolite. There are, in fact, data 
in the literature to suggest that a metabolite of 
PCA can be formed which binds to cell macro- 
molecules, although this metabolite has not been 
identified or linked to the production of neuro- 
toxicity (Silverman and Ho, 1979). 

Although we have demonstrated that the acute 
effect of M D M A  on TPH activity is centrally 
mediated event, the mechanism for this effect 
remains elusive. Earlier work has not demon- 
strated a role for the dopaminergic system in this 
effect (Schmidt and Taylor, in press) as had been 
previously shown for methamphetamine (Schmidt 
et al., 1985). Depletion of serotonin stores with 
reserpine likewise did not modify the acute effects 
of MDMA,  although it must be kept in mind that 
such treatment would not completely block 
MDMA-induced 5-HT release as reserpine only 
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dep le te s  ves icu la r  stores.  Based  o n  the  r ap id  in-  

c rease  in the  b r a i n  levels  o f  5 - H I A A ,  the  b e h a v -  

iora l  e f fec ts  of  the  d r u g  (Schech te r ,  1986) a n d  the  

in v i t ro  re lease  d a t a  ( N i c h o l s  et  al., 1982; J o h n s o n  

et al., 1986; S c h m i d t  et al., 1987), the in i t ia l  and  

p r e d o m i n a n t  e f fec t  o f  M D M A  in the  ra t  b r a i n  is 

the  inc rease  in s e ro tone rg i c  t r ansmiss ion .  Th is  is 

a lso  the s ingle  even t  p r o d u c e d  by  M D M A  tha t  

can  be  i n t e r f e r ed  w i t h  to m o d i f y  the  acu te  ef fec ts  

o f  the  d r u g  on  T P H  act ivi ty .  N o t  o n l y  do  5 - H T  

r e c e p t o r  a n t a g o n i s t s  i n t e r f e re  wi th  the  dec rease  in 

T P H  ac t iv i ty  b u t  5 - H T  u p t a k e  b lockers ,  such  as 

c i t a l o p r a m ,  also a n t a g o n i z e  the  effect .  In  v i t ro  

e x p e r i m e n t s  h a v e  p r ev ious ly  d e m o n s t r a t e d  tha t  

c i t a l o p r a m  b locks  M D M A - i n d u c e d  5 - H T  re lease  

as w o u l d  be  e x p e c t e d  for  a c a r r i e r - m e d i a t e d  p r o -  

cess ( S c h m i d t  et al., 1987). I t  is a lso  in t e re s t ing  to 

n o t e  that  o f  the  th ree  a reas  e x a m i n e d  in  this s tudy,  

the  two  showing  the  la rges t  increases  in 5 - H I A A ,  

i.e. the  h i p p o c a m p u s  a n d  the  cor tex ,  a lso show the  

la rges t  d r o p  in T P H  ac t iv i ty  ( c o m p a r e  fig. 1 w i t h  

figs. 4 and  5). I t  t he re fo re  seems tha t  at  least  s o m e  

c o m p o n e n t  o f  this a cu t e  e f fec t  o f  M D M A  on  T P H  

ac t iv i ty  is due  to  a m a i n t a i n e d  e l eva t ion  of  

s e r o t o n i n  re lease  wi th  a s u b s e q u e n t  synap t i c  event .  

F u r t h e r  w o r k  us ing  inh ib i to r s  of  s e ro tone rg i c  

t r a n s m i s s i o n  will  test  this p roposa l .  
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