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The effects of the serotonin (5-HT) precursor L-tryptophan on MDMA (3,4-methylenedioxymethamphetamine)-in-

duced inhibition of dorsal raphe neuronal firing were characterized using extracellular single-unit recording and

microdialysis techniques in the in vitro midbrain slice preparation. Pretreatment with L-tryptophan (100/_M) lowered

the doses of MDMA required to inhibit unit activity. Based upon ICao values, L-tryptophan increased the potency of

MDMA by approximately 3-fold. In a parallel series of experiments, microdialysis probes resting on the brain slice

surface provided a means to estimate 5-HT release from the dorsal raphe nucleus. Pretreatment with L-tryptophan
increased MDMA-induced 5-HT release in a manner consistent with the suppression of dorsal raphe cell firing:

compared to untreated preparations, peak 5-HT release, total release and the duration of release were all increased.

Taken together, these data suggest that the enhancement by L-tryptophan of MDMA-induced 5-HT release and

inhibition of dorsal raphe neuronal firing is due to an increase in the amount of 5-HT available for release. The

question is raised as to what effect L-tryptophan may have on the psychotropic and neurotoxic actions of MDMA.

MDMA (3,4-methylenedioxymethamphetamine); L-Tryptophan; Dorsal raphe nucleus;

Single unit recording; Microdialysis

1. Introduction 5-HT appears to be the result of inhibition of
5-HT biosynthesis and stimulation of carrier-

MDMA (3.4-methylenedioxymethampheta- mediated 5-HT release (Stone et 'al., 1986; Schrmdt
mine), a synthetic amphetamine derivative with et al., 1987). The long-term decrease in brain

unique psychotropic effects, has become increas- 5-HT may represent selective nerve terminal
ingly popular among recreational drug users (Per- damage (Schmidt et al., 1986; Schmidt, 1987).
outka, 1987) and may represent a novel class of Release of 5-HT is stereoselective, with (+)-

psychoactive agents (Nichols et al., 1986). From a MDMA being the more potent releasing agent in
neurochemical standpoint, MDMA closely resem- vitro, and susceptible to blockade by 5-HT uptake
bles the serotonergic neurotoxin, p-chloro- inhibitors (Schmidt et al., 1987). Neurotoxicity is a

amphetamine (PCA). Like PCA, admimstration of property of the (+) enantiomer (Schmidt, 1987;
MDMA to laboratory animals produces an im- Schmidt et al., 1987).
mediate and a long-term decrease in brain In an earlier report (Sprouse et al., 1989), we

serotonin (5-HT). The immediate decrease in brain examined the relationship between the neuro-
chemical effects of PeA, (+)-MDMA and (-)-
MDMA and the electrophysiological responses

Correspondence to: J.S. Sprouse, Merrell Dow Research In- which they may elicit. Serotonergic dorsal raphe
stitute, 2110 E. Galbraith Road, Cincinnati, OH 45215, U.S.A. neurons were recorded in the midbrain slice pre-
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paration and the effects of these compounds on by standard ACSF containing NaC1. An ad- 2.3. Data analysL_
single unit activity were assessed. As predicted ditional period of 1 h was allowed prior to record- _
from neurochemical studies, (+)-MDMA was ing. Both the sucrose-enriched ACSF and the , The percenta
more potent than (-)-MDMA in suppressing standard ACSF contained no added L-tryptophan calculated by co
neuronal firing rate, and fluoxetine, a selective or other amino acids. '_ for a 3 min peri_
5-HT uptake inhibitor, blocked the suppressant The otherwise silent 5-HT neurons in the brain maximal drug re:
effects of these compounds without altering base- slice were induced to fire with 2.5 /_M phenyl- rain following d_

line firing rate. Parallel experiments using micro- ephrine in the ACSF (Vandermaelen and Agha- _, corded, a concern
dialysis probes resting on the brain slice surface to janian, 1983). Solutions of MDMA (NIDA) in determined for ]
estimate 5-HT efflux supported the notion that standard ACSF containing phenylephrine were in- quired to produt
MDMA indirectly inhibits dorsal raphe neurons troduced into the slice chamber by means of a firing (IC50) was
via release of 5-HT. The purpose of the present stopcock arrangement. The (+) enantiomer of gression analysis.

study was to examine the effect of L-tryptophan, MDMA was used in all experiments. Perfusion Student's t-test.
the initial precursor in 5-HT biosynthesis, on fluid routinely flowed at 1-1.5 ml/min. The period
MDMA-induced inhibition of dorsal raphe cell of drug applications was fixed at 3 min: the period 2.4. Estimation of

firing. As in our earher report, combined electro- of pretreatment with L-tryptophan (Sigma) was
physiological and neurochemical approaches were minimally 10 rain for the electrophysiological ex- In a parallel st
utilized, periments and 40 min for the neurochemicalex- sisprobes were [

periments, slicesurface,prox
release from the d

2. Materials and methods 2.2. Recording of a concentric d
previously reporte

2.1. Brain slice preparation Extracellular single unit recordings were per- dez et al., 198
formed using single barrel glass micropippetes (Carnegie MediciJ

Brain slices were obtained as previously de- filled with 2 M NaC1. Tip diameters ranged from structed using Cul

scribed (Sprouse et al., 1989). Briefly, male rats 1-2 /_m; in vitro impedences ranged from 2 to 4 hollow fibers (300
were anesthetized with chloral hydrate (400 mg/kg MI2 when measured at 60 Hz. Integrated firing in a section of 23

i.p.) and perfused with ice-cold sucrose-enriched rate was computed in 10 s samples from an elec- mic tubing. The fi}
artificial cerebrospinal fluid (ACSF) before de- tronic counter triggered by individual neuronal 2.5 mm beyond tl_

capitation. The sucrose-enriched ACSF was of a spikes. Putative 5-HT neurons were identified on active surface of 1
standard composition (in mM: KCI 5.0, CaCI: the basis of their wide-duration action potentials mM: KCI 2.4, Nt
2.0. MgSO4 2.0, NaHCO 3. 28, NaH2PO4 1.25, (1-2 ms, positive-negative spikes), regular rhythm NaHePO n 0.9, N_

D-glucose 10) except that NaC1, normally present and slow firing rate (Vandermaelen and pH 7.4) was pump
at 126 mM. was replaced by a calculated Aghajanian, 1983). Cells with these characteristics silica (170/_m O.[

equiosmolar concentration of sucrose (252 mM). in the dorsal raphe nucleus have been confirmed which extended to
The substitution of sucrose for NaCI in the ACSF to be 5-HT neurons by intracellular double label- hypodermic tubin_

for the preparatory and recovery phases of the ing (Aghajanian and Vandermaelen, 1982). blywas bent 90° I

experiment improved viability (Aghajanian and As previously shown in an in vivo model (Gal- brain slice surface
Rasmussen, 1989). Immediately following decapi- lager and Aghajanian, 1976), L-tryptophan by it- and perpendicular
ration, the brain was removed rapidly, placed in a self reduced dorsal raphe unit activity in the brain slice. Collection pe

petrie dish containing ice-cold sucrose-enriched slices. Firing rates decreased by 54 +_956 (N--7) the flow set at 2
ACSF and trimmed to expose the posterior mid- following the addition of L-tryptophan to the centage recovery'
brain. Coronal sections (500 t_m) then were cut _CSF (final concentration of 100 /_M). To avoid probes was 9 + 1.

through the dorsal raphe using a vibrating-knife the possible bias introduced by recording from 5-HT content in
microtome (WPI, Vibroslice) and transferred to neurons firing at such a reduced rate, cells were termined by HPL

the stage of a gas-fluid interface brain slice cham- sought in subsequent electrode passes which ex- tion. Columns, 10
ber (Haas et al., 1979). One hour from the time of hibited firing rates similar to those observed in the /_m C-18 particles

decapitation, sucrose-enriched ACSF was replaced control (untreated) group, junction with a thiJ
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NaCI. An ad- 2.3. Data analysis electrode assembly (Bioanalytical Systems). A

prior to record- lab-designedpotentiostat(Bradberryet al.,in pre-
&CSF and the The percentage suppression of firing was paration) was used for the application of a poten-

:d L-tryptophan calculated by comparing the baseline firing rate rial to the detector electrode (+0.6 V versus
for a 3 rain period prior to drug exposure to the Ag/AgCI reference) and conversion of the result-

ons in the brain maximal drug response, which occurred within 5- lng current to voltage for output to a strip chart

:.5 gM phenyl- rain following drug application. In each cell re- recorder. A pneumatic fluid pump (Bradberry and
glen and Agha- corded, a concentration-response relationship was Roth, in preparation) was used for pumping mo-
AA (NIDA) in determined for MDMA. The concentration re- bile phase through the column, providing ex-
.'phrine were in- quired to produce a 50% suppression of a cell tremely smooth flow and isolation from electrical
by means of a firing (ICs0) was interpolated following linear re- noise. Mobile phase consisted of 0.05 M
enantiomer of gression analysis. Differences were determined by Na2HPO 4, 350 mg/l sodium octanesulfonate, 0.1
ents. Perfusion Student's t-test, mM disodium EDTA, 300 btl/l triethylamine and

mn. The period 150 ml/l methanol, pH was unadjusted and was
min; the period 2.4. Estimation of 5-HT release 5.6. Flow rate was 0.2 mi/min. The limit of detec-
n (Sigma) was tion attainable was routinely 0.1 nM injected in a

In a parallel series of experiments, microdialy- volume of 20 btl or 2 fmol.hysiological ex-
_rochemical ex- sis probes were positioned directly on the brain

slice surface, providing a means to estimate 5-HT

from the dorsal raphe nucleus. Probes were 3. Results
of a concentric design, similar to several others

previously reported (Justice et al., 1983; Hernan-

ings were per- dez et 'al., 1986) or commercially available 3.1. Effects ofL-tryptophanonMDMA-inducedin-
hibition of dorsal raphe cell firing

micropippetes (Carnegie Medicin, Stockholm). They were con-
rs ranged from ;tructed using Cuprophan (Enka, West Germany)
:d from 2 to 4 hollow fibers (300 btm I.D., 330/_m O.D.) housed In slices superfused with standard ACSF,

,tegrated firing m a section of 23 gauge (0.64 mm O.D.) hypoder- MDMA inhibited dorsal raphe cell firing as a
; from an elec- mic tubing. The fiber extended approximately 2.0- function of concentration (fig. IA). The onset of
idual neuronal 2,5 mm beyond the tip of the tubing exposing an the response generally occurred after 2-3 min of

e identified on active surface of 1.5-2.0 mm. Perfusion buffer (in MDMA exposure: peak effects occurred during

tion potentials mM: KC1 2.4. NaCI 125, CaC1, 1.2. MgCI: 1.2, the first few rain following drug application. The
'egular rhythm NaH2PO 4 0.9. Na:HPO 4 1.4, ascorbic acid 0.3: time required for recovery, from the peak effect to
rmaelen and pH 7.4) was pumped through a section of vitreous the baseline firing rate was related directly to the
characteristics silica (170 ttm O.D., Scientific Glass Engineering) MDMA concentration. For the 10 /_M applica-
een confirmed which extended to the tip of the hollow fiber. The tions, the time to recovery averaged 8 + 3 rain
r double label- hypodermic tubing containing the dialysis assem- (range 2-18 min). In preparations continuously

, 1982). bly was bent 90 ° to allow the probe to rest on the superfused with L-tryptophan in the ACSF (100
'o model (Gal- brain slice surface over the dorsal raphe nucleus ,aM for minimally 10 min), lower concentrations

ptophan by it- and perpendicular to the flow of ACSF over the of MDMA were required to inhibit unit activity
ty in the brain slice. Collection periods were fixed at 10 mm with with no change in time to onset and peak effect
[ +_9% (N _ 7) the flow set at 2.0 /zl/min. The average 'per- (fig. lB). The time required for recovery from the

ophan to the centage recovery' (Ungerstedt, 1984) for these peak drug effect in L-tryptophan-treated slices
LM). To avoid was 9 + 1. generally appeared to be longer. For the 10 btm
:cording from 5-HT content in the dialysate aliquots was de- applications, five of eight cells tested showed in-
ate, cells were ermined by HPLC with electrochemical detec- complete recovery 12-45 min following the peak
;ses which ex- tion. Columns, 10 × 2.1 mm I.D., packed with 3 effect; in the remaining three cells which showed
,bserved in the tm C-18 particles (Shandon) were used in con- complete recovery, the time required averaged 14

unction with a thin-layer amperometric detection + 4 min (range 8-21 min).
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A. CONTROL TABLE 1

(+)--MDMA Effect of L-tryptopt
,O_M 301sM 10_.4MI I dorsal raphe cell firi

22] means + S.E.M. 1Cs,

J produce a 50% suppJ
o /_M) pretreatment w

g
_e
o

B. L-TRYPTOPHAN (IO01JM) Control
(-t-)--MDMA

_0.M la01s_ L-Tryptophan
· P < 0.02.

'i1
, E by itselfpartial
s m,, Materials and m

Fig. 1. Effects of L-tryptophan on (+)-MDMA-induced suppression of dorsal raphe cell firing recorded in midbrain slices.
( + )-MDMA was added to the superfusate to produce the concentrations indicated: the duration of drug exposure, indicated by the

3.2. Effects of L-
length of the bar. was fixed at 3 min. (A) In (untreated)control slices, ( -4-)-MDMA reversibly inhibited dorsal raphe cell firing in a
concentration-dependent manner. ICso for ( + )-MDMA with this cell was 13/aM. The dotted line indicates 42 nun of elapsed time lease of 5-HT
between tracings. (B) In a slice pretreated for 60 rain with L-tryptophan (100 gM), lower concentrations of (+)-MDMA were

requiredto inhibitunit activity.IC5( for(+ )-MDMAwith thiscellwas5 gM. Sample chron
standard and di_

Concentration-response curves constructed attributed to differences in the baseline firing rates 30
from these data for MDMA in the absence or of the cells sampled (table 1). The latter is an

presence of L-tryptophan appeared to be parallel, important consideration given that L-tryptophan o 2s
i.e. the hypothesis of parallelism could not be E

rejected (Tallarida and Murray, 1981) (fig. 2). A B C _.,2o

Based upon ICs0 values, the presence of L-tryp- --3 r-
15.

tophan increased the potency of MDMA ap- , _ w.
proximately 3-fold, and effect which could not be ii I ._

12°.'[ _s
i 4 rnln _ 0 4--'"--_-

t I -20-10 0

z Bo / Fig. 4. (+)-MDMA-i° / I
' \_ I / raphe nucleus as mea6o-_ / / ' the brain slice surfa,

release was below th_ri ,

'_ 40 _ collection periods pti,
· Control the collection period

increased to ] 2+ 3 f
0 , , , gradually (filled bars;

3 ,0 30 _0o Fig. 3. Chromatograms obtained following injection of a (A) 20 with L-tryptophan (10
CONCENTRATION(_.M) fmol 5-HT standard, (B) brain slice dialysate prior to MDMA with ( + )-MDMA was

Fig. 2. Concentration-response curves for the inhibition of exposure, showing no detectable level of 5-HT, and (C) brain rain collection period,,
dorsal raphe cell firing by ( + )-MDMA in the absence (control slice dialysate collected during the period 40-50 min following fusion, 5-HT release
l) or presence (+ tryptophan [23)of L-tryptophan. Pretreatment MDMA exposure, showing a 5-HT peak near the limit of N = 4). Total fmol of
with L-tryptophan (100 _M) was minimally 10 min. Points detection. The arrowhead in (C) marks a gain change to that o[ in control and L-try]
represent the mean :1:S.E.M. for N = 8. * P < 0.05, **P < 0.01. panels (A) and (B). inset. *P < 0.0;
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TABLE1 MDMA are shown in fig. 3. In untreated prepara-
Effect of L-tryptophan on (+)-MDMA-induced inhibition of tions, peak levels of 5-HT in the dialysis perfusate
dorsal raphe cell firingrecordedin midbrain slices.Valuesare occurred during the first or second 10 man co!lec-

means+S.E.M. ICso is the drug concentration required to tion periods following MDMA application andproduce a 50%suppressionin unit activity. L-Tryptophan(100
/_M) pretreatment was minimally 10 min. averaged 13 _+3 fmol (N = 6; fig. 4), uncorrected

for probe efficiency. Thereafter, 5-HT release
N Firing rate ICso gradually declined but remained detectable for

(Hz) (p.M) 48 4-6 min (range 30-60 rain). In slices continu-

Control 8 1.6_+0.2 16_+4 ously exposed to L-tryptophan (100 /_M), peak
L-Tryptophan 8 1.3_+0.3 5_+1a levels of 5-HT also occurred during the first or
'P < 0.02. second collection periods following MDMA, but

were significantly higher at 28 _+6 fmol (N = 4,
- P< 0.03).Detectablelevelsof5-HTpersistedfor

by itself partially suppressed unit activity (see 75 4- 6 man (range 60-90 min), significantly longerMaterials and methods).
t in midbrainslices, than in untreatedslices(P < 0.01).The totalnum-

_ure,indicatedby the 3.2. Effects of L-tryptophan on MDMA-induced re- ber of fmol measured in the dialysis perfusate
raphecell firing ina from all collection samples was increased ap-

'. rain of elapsed time lease of 5-HT proximately 3-fold by L-typtophan pretreatment

of (+)-MDMA were (fig. 4, inset). Baseline levels of 5-HT, prior to the
Sample chromatograms obtained with a 5-HT addition of MDMA, were below the detection

standard and dialysis perfusates before and after
limit in the absence or presence of L-tryptophan.

seline firing rates
30 _ L-rryptophon 4. DiscussionThe latter is an

tat L-t_tophan ._. 25 _ lc°htr°' o m°] T

3E /;i _l°°ll., _ In our earlier report (Sprouse et al., 1989), we

20. :' _ presented evidence that (+)-MDMA indirectly

_ _ s0 inhibitsthe firing of dorsal raphe neuronsvia

15.
0 release of endogenous 5-HT. The released 5-HT in

I turn suppresses cell firing by binding to the inhibi-I tory somatodendritic autoreceptor of dorsal raphe
I, neurons.In the presentstudy,pretreatmentwith

0]_----I . L-t .ryptophan, the initial precursor in 5-HT bio-
-20-to 0 10 20 30 ,to so so 70 80 90 synthesis, increased the potency of MDMA to

TIME (rains) inhibit dorsal raphe unit activity. There are several

Fig. 4. (+)-MDMA-induced releaseof 5-HT from the dorsal lines of evidence to suggest that it is throughraphe nucleusas measuredby microdialysisprobes restingon

_,_ the brain slice surface. In (untreated) control slices, 5-HT conversion to 5-BT that L-tryptophan exerts its

releasewas below the limit of detection in the two 10 min electrophysiological effects. (1) Large systemic do-
collectionperiods prior to superfusion with (+)-MDMA. In scs of L-tryptophan are reported to raise tissue
the collection period during which (+)-MDMA was super- levels of 5-HT and rates of 5-HT synthesis in ratfused (100 /_M for 3 rain starting at time 0), 5-HT release

'_' increased to 12-1-3fmol; thereafter, 5-HT release declined brain, suggesting precursor control of 5-HT con-

-injection of a (A)20 gradually (filled bars; N _ 6). In slices pretreated for 40 min tent and metabolism (Fernstrom and Wurtman,withL-tryptophan(100pM), 5-HTrelease prior to superfusion 1971; Knott and Curzon, 1974; Carlsson and
sate prior to MDMA with( + )-MDMAwasalso belowthe limitof detection(two 10 Lindqvist, 1978). In hippocampal slices, low con-
5-HT, and (C) brain rain collectionperiods shown). Following(+)-MDMA super-,40-50 minfollowing centrations of L-tryptophan (10 laM) have been
ak near the limit of fusion, 5-HT release increased to 27+5 fmol (hatched bars; shown to increase the rate of 5-HT synthesis andbl= 4). Total fmol of 5-HT releasedfor the entire timecourse
Fainchangeto that of in control and L-tryptophan-treatedslices is shown in the release during sustained K+-induced depolariza-

inset. *P < 0.02,** P < 0.05,** *0.05< P < 0.1. tions (Auerbach and Lipton, 1985). (2) Tryptophan
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hydroxylase, the enzyme which converts L-tryp- to determine whether the presence of L-tryptophan preparation M
tophan to 5-hydroxytryptophan (5-HTP), has a by itself increased 5-HT release because baseline 5-HT depletioJ
reported Kmof50-791aM for the partiallypurified levels of 5-HT (i.e. prior to the addition of neuronal inhib

form (Friedman et al.. 1972; Boadle-Biber, 1978; MDMA) were below the detection limit of the liminary expel
Nakata and Fujisawa, 1982) or 25-120 lam as assay system. In experiments to be reported MDMA for 6
determined in in vivo and in vitro tissue studies elsewhere, measurable baseline levels of 5-HT re- release and sus

(Carlsson and Lindqvist, 1978; Elks et al., 1979). lease were observed using 500 /tM L-tryptophan ing the 60 mtn
Addition of L-tryptophan to the ACSF in the (Bradberry et al., in preparation). Far lower con- firing returned
present study (final concentration of 100 _tM) centrations of L-tryptophan (10 gM) have been time course as
therefore should increase the synthesis of 5-HT. reported to increase the rate of 5-HT release in tions.

(3) The systemic administration of L-tryptophan brain (hippocampal) slices, but in these studies The release
to rats depresses the firing of dorsal raphe neurons release was induced by continuous application of mine has been 1

recorded in vivo (Gallager and Aghajanian, 1976). high K + concentrations (60 mM) in the presence synthesized, ex
This L-tryptophan-induced suppression is pre- of an uptake inhibitor and a nerve terminal auto- model comes f

vented by Ro-4-4602, an L-aromatic amino acid receptor antagonist (Auerbach and Lipton, 1985). deplete the ma
decarboxylase inhibitor which blocks the conver- MDMA-induced 5-HT release as revealed by to inhibit vesic_
sion of 5-HTP to 5-HT, the final step in 5-HT microdialysis measurements closely correlates with and Moore. 1'

biosynthesis (Bedard et al., 1971: Carlsson and MDMA-induced inhibition of dorsal raphe neuro- exact nature ol

Lindqvist, 1970). Similarly, Ro-4-4602 prevents nal firing (Sprouse et al., 1989). Following the releases 5-HT
L-tryptophan-induced suppression of dorsal raphe addition of MDMA (100 laM), firing rate drops to L-tryptophan s
cell firing in brain slices (Aghajanian, unpublished zero at the time 5-HT release peaks. Thereafter, lease comes fro
observations). (4) Finally, in the present study, firing rate and 5-HT release begin to return to synthesized neu
dialysis measurements showed that pretreatment baseline. In the present study, this correlation pool of neurotr_
with L-tryptophan (100 laM) increased MDMA- between 5-HT release and cell firing is preserved The release of si

induced 5-HT release in a manner consistent with in the presence of L-tryptophan. Compared to the absence of
MDMA-induced inhibition of neuronal firing, untreated preparations, pretreatment with L-tryp- 5-HT is synthesi

While the addition of L-tryptophan may induce tophan produced a prolonged release of 5-HT and newly synthesiz_
an increase in 5-HT synthesis (see Elks et al., a prolonged inhibition of neuronal firing. Further- storage pool o_

1979), it is not clear whether 5-HT release is more, in the presence of L-tryptophan there was a pool is also no_
altered by the presence of precursor. Differential 3.2-fold shift in the IC50 for neuronal firing (16 vs. the pool(s) is c5
pulse voltammetry studies in rat striatum have 5 laM; table 1) with similar shifts in peak 5-HT ment against 1_
shown that L-tryptophan given orally at 150 release (13 vs. 28 fmol; ratio of 2.2) and total fmol comes from our
mg/kg does not alter 5-HIAA levels in the ex- of 5-HT released (40 vs. 111 fmol; ratio of 2.8; fig. was shown to
tracellularspace(De Simoniet al., 1987).L-tryp- 4). MDMAon dor:
tophan given i.p. at 100 mg/kg did not increase In our earlier study, MDMA-induced 5-HT blocking carrier-

5-HT release in perfused rat lateral ventricles until release was shown to be independent of impulse et al., 1989).
a transient peak occurred in the second hour of flow as release proceeded during prolonged peri- Finally, the p_
perfusion (Ternaux et al., 1976). As described ods of neuronal silence (Sprouse et al., 1989). to what effect
above, however, in a functional test of 5-HT re- While independent of cell firing, the present re- psychotropic am
lease, L-tryptophan given i.p. at 100 mg/kg in- suits indicate that MDMA-induced 5-HT release The effect of L-

hibited dorsal raphe cell firing, an effect which is dependent upon the quantity of 5-HT available neurotoxicity htr
could be blocked by a 5-HT synthesis inhibitor for release in that increasing extracellular L-tryp- nerve endings is
(Gallager and Aghajanian, 1976). Furthermore, tophan (and presumably intracellular 5-HT) in- projection areas,

transcerebral dialysis measurements in freely mov- creases the quantity of 5-HT released (fig. 4). This to neither situati
ing rats recently demonstrated a calcium-depen- additional 5-HT release is functionally significant worsen MDMA-i

dent, tetrodotoxin-sensitive stimulation of cortical as the shift in the IC_0 in the presence of L-tryp- 5-HT accelerates
5-HT release after L-tryptophan loads (Carboni et tophan attests (table 1). Despite this apparent metabolite (Corn
al., 1989). In the present study, it was not possible dependence on available 5-HT, in our brain slice L-tryptophan ma

toxicity if the reh
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e of L-tryptophan preparation MDMA does not appear to produce damaging quantities of dopamine (Yamamoto and
· because baseline 5-HT depletion as reflected in tachyphylaxis for Spanos, 1988; Stone et al., 1988) or if the in-

the addition of neuronal inhibition (Sprouse et al., 1989). In pre- creased amount of 5-HT in the nerve terminals in
tion limit of the liminary experiments, sustained applications of some way serves a protective function, L-tryp-

to be reported MDMA for 60 min produced sustained 5-HT tophan may facilitate the psychotropic actions of
evels of 5-HT re- release and sustained neuronal inhibition. Follow- MDMA if release of 5-HT is causative (Schechter,

zM L-tryptophan lng the 60 min application, 5-HT release and cell 1989) or L-tryptophan may diminish the psycho-
). Far lower con- firing returned to baseline levels with the same tropic actions if its presence produces greater neu-

} gM) have been time course as that following the 3 min applica- rotoxicity. With regard to this latter possibility,
· 5-HT release in lions, preinjectionof PCA,which should cause the de-

in these studies The release of catecholamines by d-ampheta- generation of 5-HT neurons, strongly attenuates

,us application of mine has been hypothesized to come from a newly the PCA-induced 5-HT syndrome (Kutscher and
) in the presence synthesized, extravesicular pool. Support for this Yamamoto, 1979) and PCA-induced impairment
ve terminal auto- model comes from studies utilizing reserpine to of avoidance acquisition, nociception and hyper-

nd Lipton, 1985). deplete the main catecholamine storage pool and activity (Ogren and Johansson, 1985). Additional
e as revealed by to inhibit vesicular catecholamine uptake (Chiueh studies examining these possibilities are war-
·ly correlates with and Moore, 1975; Masuoka et al., 1982). The ranted. Furthermore, the effect of L-tryptophan in
rsal raphe neuro- exact nature of the pool(s) from which MDMA a human population of MDMA users with differ-
). Following the releases 5-HT is not known. Our results with lng dietary habits and with access to amino acid
fingrate drops to L-tryptophan suggest that MDMA-induced re- supplements deserves attention.
eaks. Thereafter, lease comes from a pool(s) which contains newly
gin to return to synthesized neurotransmitter and from a sizable

this correlation pool of neurotransmitter which has been 'stored'· Acknowledgements
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