
neurotox,ns in Ia .s

C,ampncy TH, Matthews RT: Pineal sero:onin is ri:sistant to depletion ,UlamasH. C[iaml_,¥ aM Re!l_ft
by serotoner$ie neurotoxi_s in rats. J. Pineal Res. 1991:1 i: i§3-167. T, _t_,aaB_

. 0epatlmefll of,Numa. _'_my. C4flleglM -

Medicine,?exa3A&M Utl_tSY_,'C(_egt b"til_Ofi.

Abs_:ract:Administration of 3,4-methy!enedioxyme.'hamFhetamlne TX.U.S.A.
. . t'4'·]{MDMA) oT pata--chlotoampl4etamine (pCAI to _cu.t rats is neurotoxie

to ser°tonin (5HT) fierve termina!s and cell bodies. MD.MA 3 rog/kg} i<eywords.01neal-4emt0fil_--3.'4-me_lene'
· dioxymethamph_mlne--_ ni-ch_c_mi._et-

reduces 5HT levels in :he frontal cortex, medial basal hypothaJamus, amin_,-tat_
and' striatunl acutely and 17 days al[er a series of m,::Ifipleinjections.
The acute reduction3 occur within I-2 hr after injection of do:scsgreater /_d,va tc'wln_.nmmLa_o'mum__i
Ihan 3:mg/kg_ A single' injection of pCA reduces 5HT revels in the Cnampnw.0e_aa_,aw _un_n_mw.
above mentioned brain regions as welt as in the brain stem. However. co,idb°__e_. _X&M Un_a,s_t.
none of these treatments are able to alter 5HT levels in the pineal gland. Co_e_estain, 'txrtM3.m4,u.S.A.
It appears that the pineal,d°es not' contain the 5HT reuptake system that nee.e_ due/_, t_:
is thought 'to l_ __ for {he neur°toxicity of MDMA and pC;A. · acc_p_00_ le,!_1.

rrr_L_tzu.s.coo[)

Introduet_"" that seines as a pmcursoT for mtlatonin Synthesis

3,4-meth_lenedioxymethamphetamine (MDMA)is may be utilized for other as Yet undetermined
an amphetamine derivative that exhibits both am- functionS. Since MDMA is known to produce
phctamine-like and hallucinogen-like properties, neurotoxicity at 5HT nerve terminals, it is of
Recent research into MD[VIA's effects on brain interest to determine if MDMA or t_CA alters pineal

5HT and 5H]AA levels, tl_ereby come,umisingneurochemistry in tats has determined that a sus-
tained depression in hippocampal, _triatai, and normal pineal :rm_ction.
_:ortica! semtonin (5HT) levels occurs after acute or
chronic MDMA administration tall et al., .1989;
Commins et al., 1987; Finnegan. et al., 1958;. l,,latedal_and methods
JohnSon et al., 198'8i Mokler et al., 1987; Schmidt

Animals
ct al., 1986]. 'These authors also reported that

MDMA was responsible for destroying 5BT nerve Ail 'animals tLsed in these, smd.k:S were drag naive
terminals-as observed by postmortem histotogic adul t· male alb'iii0 ·tats (Rattu_ 'i;6tntf)weighing
examination [c0mmins et al., 1987; Schmidt et al., between 175-225 g and purchased fmm Harhm
1986]. The long,term _ieurotoXic effect of MDMA Sprague Dawley, Houston, TX. They had food and
may bi=due to the endogenous i:onverSion of 5HT to water available ad libitum. They _/erc housed in
5,6-dih),dro_ytryptamine that is takefi Up into the standard cages ({wo per' Cage) 'i'n tcmperalure-
$HT neu:'on by t_e 5HT reuptake mechanism controlled(22 ±.2°C)r°°ms'and:expot, edto ' 12hr
[Rieaurte ct al., ·1985; Schmidt et al., 19861 Com. of light and I2 hr of darknesS (lishts:on at 0600). At
rains et al:, '19871. MDMA ( IO mc/kg) a/so de: 'the termination, of the des.cd ',bedi_xl_rimenb,, the

· pressed tryptophan hydroxslaSe activity, 5HT lev- rats Were decapitated Within 30'sec 0f thdr removal
els, and :the leve/'i' of t_e 5HT: /netabOlite, from'their home cage. The E[t_ei_lw_ re'_Ved and
5:.h_/droxyindOleacetie acid (SHIAA),,' in the'stria- immediately/'froZen: On So fid CO i. LikeW.'i'Se, :the
turn, hlpp°ciimpUs, and' Cortex 3 hr after a slngie brain was i-emOved ra_idly _md dh'sed'i o ehill'cd
iniecfi0n and18hr after five injections [Stone eia}.,, saline. Th'el medial basal Il?po.{ha]am.'US (MBH),
1986i::The}e sh_r_4'dr/n effects maY' a/so re:qUire mcdlar'pretrontal cb/tel, sma-_m:' and brain stem

iie'uret6xi"fi _hSp0_ §_ the' _ieu'ronai 5HT reuptak_ were removed: On:'a 'chilled Pt'a.ri, weig'l_e_d:'a:nd
pump. oeev'erat'ifive'stiga_0rs'_avehypothesizedtha frOze,,onsolid iaidescri d' vipuS y tMat-

· MD_A h'asa 'kim{_dr mode of 'actio'n' as the '5HT.' ' theWSet'at, j 1989I; ;_I'he'aVei_g(e:'_ct':wetght°f_eseneutotoxin, P-chto_amvhetamine (pCn) [Stone tissues Was 23' m8 for the 19iBH. 61 :ing 'for the
' et al., 1986; Sc hmidt et all; 1986]L 'me;dial Prefmnta!' _O_'en,28 mg f°r the's_amm.

' Thepineai:gfandcontainslarg¢ quan fitiesofSHT and 102 mg for the brain stem,/,.. ... .;
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E_'..'itr_nts homogenatc onto a reversed phase C-!g celumn,
After elutfon of the amines by a filtered and

In t_e first experiment, 25 rats were injected with d_gassed c' ' "-'
ra.-'emie ;4DMA (10 me/kg, ip) and five rats were -;.. ,nosp ..... e buffered mobile ph,,.,_ (0.9,165

... "' _.c/. 18.6 mg EDTA: 20in.}ecled with saline (0.9%) between 1200and 14C0. g Na2HPO4: '_ $ '-' citric ;"
'lt='MDMA4e'ected r,_!swe,"e subdivided into five mg sodium octyi sulfate in 900 mi dot:Ne distilled
gnm._ and kS,cd 13 min, 30 mtn, I hr,'2 hr, or 6 H20 with 100 .,d _et.?iaa01), they were quantified

by '" t. ',-. , -e:ec,roc,.ema-,_ us:ng a g,assy carbon electrode
· hr aSer injection. The'saline-injected rats were at a ,eteatial e A ._ ,· o. +,..6.;%.Thecolumnwashealedto

killed 90 mia after injection. The tissues were 35°C and the flow rate 'of the mobile phas e was
processed as deSCribedabove. This experiment was

L_"ted and the resui,s of bo:h experiments were approximately 0.3 ·ml/min· Sample . Peak heights
'cO'rnbSned for a total of ten animals in both the were con]pared ',o extracted standard l)eak heights,

· ' which were processed in the same 'manner..The
control and experimental groups, in the second internal standard was utiliZed to accommodate for ·experiment. 30 rats Were Subdivided into five
groups and were in iected with saline or l, 3, 10. or changes in extraction effi.ciCncy and detector sensi-
30 mg/_g of MDMA (ip) between 1000 and 1300. tivity. Unextracted standards were also used to
All of tile rats were killed 2 hr after injection and the rectify any differential loss in amines during extrac-
tisse_Were collected as described. In the third ' tion. Sample values were expressed .as amine con-

tent (usually i n 'nanograms) per g'wet weight of
experiment, rats were injected with saline (sc), brain tissue or ne/pines). The least detectable eon-MDMA (10'mr/kg, sc) or pCA ( 10 mr/kg, ip), with
four ani'mals per treatment. The dose of MDMA centration of the amines.'was below 50 pt/Sample.

The interassay Variability Was less than.5% !or each
was d}ete'rmined by the results of the previous Compound.experiments as weU as previous research' by other

investigators [Stone et al.. 1986]. The dose of pCA
is al well '_tablished neumtoxie dose for 5HT Statistics

with little or no long term effects on The data Were analyZed by one way analysis, of
c.ateChohminergic neurons [Sanders-Bush et al., variance with significant differences between
1974l. The saline and MDMA-injected rats re- groups determined bY the Student Newman-Keuls
cci veal one Injection evei-y 12 hr for 4 days (eight test with a homogenous "N". ....
injectiom), .while L/g pCA-injected rats received
0My'°_ in'3eCtioo. Seventeen days later, the rats
w_m killed between 1500 and 1700 and the tissues Results
collected. This exL_riment was repeated four times
for !he saline and MDMA groups with the pCA The time cou rse experiment iud.testes that ...thefirst.
group !ncluffed in tile last three repetitions, There- significant (P < 0.05) decline in 5HT after MDMA
fore,, fi_ere Was a total of i6 saline-C°ntr°l rats, treatment occurre, d'appt6xx_,.,tely I hrPostinjeetion
16 Mi).MA,injected rats, and' 12 pCA-injected in the frontal cortex and MB.lq (Table .I). Adecline
rats. ln allexperiments, animals Were kept in pairs in striatal 5HT occurred .2 hr after injection
'in ffleir'h0me cag_ at normal room temperature (P < 0.0I) with'a slight, but sign.stir.antincrease
with no attempt to compensate for drug-induced obserVed 15 mi n.·after injeCtio n. (P'.< _,05) (Table
h_rmia: i). The 5HT te_e/s in these .t'_ 'are_'were

· returning tO 'c0ntrOl ValU_'' by6 hr 'after injeCt_n
(Table i ). LeVelS of 5? -' in the braih Stem gnd the"

· I_._ne assays _ _
:' ' !".-: .','.. · .. ' ' ' p,neal were 0naffected by anaCute M_.. tionofUp to
.The_:p':_M-'_and brafn 1.samples' Were anaI_/zed, for'.. 3 0 mg/kg MDM A Ov_:ra _ hr.(imc ¢Ob'.rse'{Tables I'
dOtm_i'._:,' L3;4-dihydroXyPhenyIacefiC acid, 5HT, and 2), l_0We.ver, 5HT levelsin ' _e frontal. _°rtex,
,.and'SHiAA:._Cpntent'bY high' ,Performance'.iiquid MBH, 'and. striatUm' w.gre depressexl '(P<..0.._OS)
ch i'_fogralPhy, with I: electrOChemical detection . bY an .acute dose. of. 10 rog/kg MDM A Or "g_.'ater
[_m]0ney ei aL,. 1985_ Ma ttilews et 'al?,,. 1989}, . (Table 2).i: .-,._.'.:_. ':...:j..::..i:'_i '.71'..':./i:_ :':.':':'!?".i..

:.'_'fia'ifiel _nd'3fi-'dihydr0xyphenvFacetie _e|d :'..' MultiPle 'in_ec(i0n.s Of 'MDMA Oz''a sihgle ,!'n_'.ei:.
" :da.'.f_'..:ha;;'¢:been":'nfio°rted 'previously [Matthews· ·iSdn of 'I_CAbeffuced(P'&O,0!)'SH?!eVelSin.the

'e_.a_lL, 1989]. $usi prior tO 'assay, each area'was fr0nta_ c°rtex, MBHi 0,r Stfiat'Um SeXY'careendays
"ion .K-_ed "}n"a' l_e-estabiished ·volume' of 0. t6 N ai'ter the last injecii°a iF,g: I )5 A Single'l'njecii°n'of

_hl°fi'c acfdcohiatnIng ep[nl ne (100 ag/mi)as aa pea also' reduced 5HT' ie'veii '.in t_.'bm{'n stem
i. '_,,_ sai_pies' :were centrifuged (2 (P < 0.001 ), but w_ ineff_'tive lin 'the pineal (F_g.
'miaat.i31060g)and me 'amines wei-e separated by Ii. Multip !e in iectiofiS Of MDMAdid n0..talter $HT
i'j_ingtbeTSui_hiatant ofihe centrifuged brain leversin die brain Ste'fii6i:ihe'_ifi%l(lq g./I).:
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TABLE1. Timecourseeffectscf 3.4-m_thy;enedioxTmet_a_phetami_(i'_3MA,13mD/kg)on 5rainandpinealser_;ontn
levels(ng/gor _/pin_al).'

d,,

'_TI'nUI_,$:;!er M_MA

_rah!region Saline 15 39 SO 120 360

?,_ntalcortex _. ± 47 640± 82 538± _9 _27 + 39 138_:t: 10 231,:!: 17

Strialum F.,04.4-61 817D+ 71 697i 56 _.';74-54 286c+,29 ' ..
6rainslem 784±42 9,34'±56 900+53 779_39 · ,642:_48 , ?53±50
Pinealf '. 216+ 13 205± 28 2tO± 18 2:7 ± 23 217+ 25 196a: 19

'Male ratswereinjectedWithMDMAandkilled15,30,et),t20,or 360mtnlate'r,°r:iniectedwith$allne'andkilled'_' mitt'later.
Valuesarsmearis'+ start'da(el'errorswith tenratsDergroup.

· bp< 0.05Vs.'saline;¢P<:0.01vs. saline;dp< 0.0O!vs.saline;eMBH= medial'basalhYo°thalamus;fng/plneal.' .. '

'T_" 5HIAA' levels' declined 'in parallel with MDMA. BOth the brain stem'and .thc Plrleld are also
tl_ declines in'_iHT observed in the brain regions spared the chwntC'neurotoXic effecls'of MDMA.

. al_r MDMA or pC A treatment, although a slight Likewise, the mom potent 5HT neurOlox'm pCA is
time lag bet ween {tlc"i'W0 compounds was present . Unable tO alter 5HT levels in the 'Pineal, although
(data not presented), in the pineal, a slight, but 5HT is significantlyreduCed in ali other brain
significant (P < 0.03) decline in 5HIAA levels was regions examined.
found 15 mtn, 30 mtn, I hr, and 2 hrafter 10 rog/kg It is interesting to note that Pinea/ocytes/_ontain
MDMA (saline: j7.45 - 1.44 ng/Pineal; MDMA-15 S°me of the highest c°ncentrations °fSHTPercell
mia:il2.93 - 1:77;MDMA-30 mia: 12.08 ± 0.84; [Kingand Steinl%hncr, 1983], Yet donot _espond
MDMA'Ihr: 10.74-+ 0.88;MDMA-2 hr:. !0.95 4- to 5HT neu. utoxins like central .SHT neurons
1.14). Likewise, a 30 rog/kg injection of MDMA (preSent, resultS).' The most likely diff¢_nee be-
redtu:ed 'pirie! 5HIAA levels 2 hr later (P < 0.05) tween 5HT neurons and pinea/OCytes' that could
(_aline: 21.75 *-14.45 ng)'Pineali MDMA-30 rog/kg: account fbr'0ur findlngs is the la_ck of .SHT'nerve

· !1.05 ;-+-i.81). Muitig! e injection s Of MDMA or a termina Is and their associated 5HT. reUpt_e mech-

single mjection of PCA did not alter pineal 5HiA A anism within the pineal. Blockade ofSHT rcuptak,c
.levels . ' ' ' ' "(data nolpresented).. "'has been shown to prevent bOth"acut· and ctimn_c

" .. ... .. effects" °flMDMA 'On 5HT'.'neurons"[$cl_m!dt

D_n .. '.' ' Taylor..!900].' A!te"matiVely,. MDMA n_y.' inhibit
· neuronal 5HT synthesis, but t_ot pincalOCyte 5HI'

Thesedata are COnsiStent with PrevioUs repons that synthesis. MDMA has been shown to be an effec-
indicate that acute MDMA reduces 5HT levels in live tryptoph,,, hydroxYlase inhibitor in several
brain 'regions rich in 5HT nerve terminals (frontal brain "m-cas[StOne et al..' i986: 1987;'$°hnsonet al.,

corte'x, MBH, striatum), While being less effective 1989]. The 'effect of MDMA on thfs'enzyme inthe

in brain.'regi_n_'/Confainlng 5HT cell bodies and pineal has 'hot be.eh tes?d..bL_t"nun_.rou$' studies
ncTveterminals (braii_ stem)[O' Heam et al. ,', i98g; have sh0wn {hat producti °n. Of 5HT'ifi i '_e .al°Cytes
Ricau_e et al., '1988a,bi Wils°n et aL, 19891. in. is identical t ° syntheSiS paOiWayS' in griT neur0ns

· ' addigion, the present results indicate that the pineal [King and Stein!echner, '1983}. Tl_ercfOre, 'tM lack
is msia{ant to the acute depletion of' 5HT by. Of a5HTreUptake mec'h'_is'm in pineii!°cytes may

· . · - . - . ·

TABLE2. Doseresponseeffectsof 3, 4-methYl6nedloxvmethamphetamine(M'OMA),'o!(,braln andpinea!,':_m(onifiievel[
(ng/gor_i/pineal}? "/'. :' :.... '", .... :. . , :.__,..':.....

: . . . ;:, ...', ·

-' 'Brathj'_t_!Ol_'.....' ,: ... Saline. . 1!, "" $.1':'. -..... , = ,.;l'?,:.i:':":.?....),';--]::,.;,.i':._ "30;..·· ._ . ." .. .... :..,._...... (,'__ ?- . . .. -.... ' . .. .. _ , , _. . -

M8tff ,. :' .v: .. : t070+134 1185__"_' 1tC_'-i;.'79:- 7 .':E ':.-' ', '70_'i4i)

Brai()slam'.-. ; . .-_? :E:_4:- 651i.42 672_ _'_' ' 653+"12 ',' '. 617+_
Pineal_''''' '. ':: .. ' 254±.2_' 27?_ 2-:}": 263¥ 19 ' 2_ ::!=17' '.:.. ' 310",-35i ii i i i i '_ [i- ii .'1 I · , i i, * I i i

· Ma_ratswereinlectedwill_salineor asingledosageofMoMAandkilled2hr later.¥alu_sare'meah$'_sta.,n,dar_'ert'0_.,:wilfisix

.raiSIn-fOul!;...' ..... . .. . . · , . . _ ,.t_? '-.1_.'a.t'P<l).O_VS.Saline;.P<o. OTvs,saline:_P<:o.'O0i"vS:saline;'MBH medialbasalhYl)otnal_mu__ i t'
:.. · .,, % . ,. ,.-.

'"":"' ::'"';'--" ': '-'"'.. : ' ;:' ."" .'' ::" "¥' ': '"" ' llrl_
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' 120 _ _A (I0 mq/l_g)" W_,. ,,_ w_ IJGa_, _t .aa ,.,x_zz -yj._uf_[L_u ti[al ;5HT from pinealocytes is metabolized in the m.,~

...Too . adrenergienerveterminalssurroundingthe pineal-

li!ili ul °''*!!
re' 00 'el. '. would indirectly support this hypothesis ',n that ,_: MDMA may inhibit 5HT uptake into norePineph- ,

ad I fine terminals resulting in reduced productim_ of
'_ " 5HIAA without changing pineal 5HT levels. Others

40,

· , and DA into neurons [Schmidt and'Taylor, 1990; '

20- _' Schmidt et al., 1991}. :
..0 rr6m,_ '_I_- 'stfio{v,_ e_o;,, o_,.o_ In Conclusion_ MDMA is .unabl'¢ to alter· 5HT

co_,. st_ levels in the pineal even though it has neurotoxic

'. Fig. !. Chronic.eff¢Ca of 3.,4-_methyle_dioxymethamphet- effects on 5HT' nerve lerminals in the central
'. amine{MDMA}ia,'pm-__Momampfetamine(pCA)on brainand nerVous system.. Likewise, Pineal SItT levels am
." pinealser_0nia levels. Male ratswere injected withsalineor n°t modified by pCA administration,' which reduces

Mi-_4_ twice dailyfoe4 daysor received a single injectionof 5HT levels in all other brain regions examined. The
· 'pc,:;. ,._v_mt_odays afterthe last'injectton.'brainregions and pinealocyte appears to be resistant to ihe effects of
· pineal,_were,collected. Values are means-,-standard errors these toxins due-to itslack of a 5HT reuptake

with 16 main the saline aeqd MDMA groups and 12 rats in the mechanism. '
group. Semlaain vaJU_ for the saline controls are: 1256

'ng/g'i n the frontal 'c0ftex. 960 ng/g in 'the medial basal

hypothalamtts (MBH). ?23 ng/g in the striatum. '2419 ng/g in AcknoWledgments
' the beam stem, ami 215 ng/pin%l in the pineal gland.

The technical help of Dr. Timothy Friedlandet
and secretarial skills Of Ms. Ieanle Salin_ are

protect tryPt0phan hydroXy!aSe from inhibition by appreciated,
MDMA. Other possible differences between 5HT
neurons and pinealOCytes, such as storage mecha-
nisms of SLIT, 5HT catab°!ism, or MDMA metab- Literature gtted
olism, may also account for our data. Regardless AU, $.F., A'.C. gcALLL_ G.D, Newt_!rr. G.W: Ll_. R.R.
of the mechanism involved, 'our data suggest that Hot,sos. _V. SI..iKKER. 'm'(1989) Persistentneur°Chemigal
5HT neurotoxins such as MDMA and pea and structuraI changeSin rat btamaft_ oraladmlnisiratk)nof

'do not compromise serotonin-dependent pineal MDMA. Res. Commun. $ubsC Abur_ i0:225-.235.
CJIAMPNEY, T.H., R.W. _TEG£R, I:).S CS'RL511L R.J. R£r1'_

biochemistry.. (1985) Aliirali '°ns in CompOnents of"t_ pineal' meJatolfi.q ·
Other investigators have recently found that synthetic pathway by acute insulin sLeess in the rat and Syrian

'depletion of eireula!ing tryptophan levels reduccs hamster. BrainRes. 338:25-a2.
brain tryptophafi and $HT cohtent, but does not alter COMMmg'.D.L.. {3.VOSM£R,R.M. Vfi_u$,W.L }WOOLVWI-
..... 'ror_,C.R. Sc_oyre_. L.S, $vao_. ¢!98'?)Biochemicala_l
pineal 5HT or melatoni 0 l_:vels [gaya et al. ,. 1989]. histological evMencethat mCthylene_..,ymethamphetam_ .;
These results sugge.st that pineal 5HT levels are (MDMA)is _oxic1oneuronsin theeat brain_}. 'Phamiacol.
conserveddunng treatments' that affect other 5HT Exp_ Thef. 241:338--345;

: systems, and indirectly support our present find- D^Yn.S.,K.O, Nor_^K^,G.R. Btrm_.!, R.J. R£11_ (1989}'
Jags. Tiie pineal appears to be insensitive to many Hemc pr_ursor 3-ami.n0lcvulinie acidalt.er3brain tryptophan'
treatments that re&ace Central 3HT levels. This and ser0(Odin levels withgu [ changing pineal se rotOnin

· melatonin 'e0_enffatiohs. J. NeurOSCl. ReS. 23:304-309:

could leadto _e 'suggestion that the' pineal 3HT FmsE_;^_. K.W., G.A. PaCAU_X_.LD. RrrcmE. I. lnW_n.
· system is tigb.lly, regulated ant, Jr protected. How- 5.J. Pe,ROi/_,%.J.W,L^NGs'rON (1988) '0rally_administered

ever, it should be emphaSized that in our study the, MDMAc_aSesa/'ong-termdepletion9f 'setrol_m'in ratbrain..
effects'0f MDMA'afi d i_A were onl_ examined. BrainRes..447:14t-144.. ' ' '
during the'dayffme whi:n 'pineal 5HT level's are Jo,sso_, M.. G.R, H^r4so_. J.W. 'GlUa(191j9)£ffec_ Of.

MK-80! on.yhedec/ease in trypiot?!ianhy_xy!a.se induced
increas_,_.AlSo_ pineal' me.latonln levels were not 6y methaml_tanStne ann irs inemxre't_'iox_ analog.Eur. J,

.' determilne,_,f Tlic abi!ity of tEes e neurotoxi ns lo al!e_ Pharmacol: 163:31'5.-318:. 7' .:_'..3 :'. ' · ".'

the aim'n:aj rliYthmgf pineal 5'HT/nd melatonin' Jo._so_;. ^.at X.Mr c ^ r. G.a.
.- shOUld be inveStiga(edL:' Lw. cltaa (]9as) Errem.0 r 3.4-n_eihy_nea3:ox'y'amPliet-
': FtnallY, ii iS _vbrth_t to note that MDMA ficutely amine'and3,4-hy:ihytenecl!oxyn,_tbamL_e'tamin¢isp's_.rs'on ."

- - cenlral ser0tOnergi¢, do'pa_rt/i'nt_ie and. nlgral ne'utotensin
and: reVe_ibly de_teitsed pineal 5HIAA levels,

( sUgger_ing tidal IvIDMA' may acutely decrease 5HT systemsof therat. J. P6'_rnacoLExp. TheL 244:977-982.. . KINO. T._.. $. STIEINLECiINEIt (1985) Pine at indolalkglamine

.' 1_3 ....... ;....
· . '; '- "- i

i · ' %1 ' . _ ·



.. $yftl]lg'lli$ att_ rllCta,_:)O]LSl'q: Kinetic consicleralior,$, In: Pirtea] SANDER_BUSH, £.. D.A.G._d_O_. F. SULSER(1974)On thc

Et,_t.arch Reviews. R.J. Relict, cd. Alan R. Lisa. New Yc.'k, mecha,fism of brafn 5-hydrox)'t_ptamine del_etion by p.chlo-
Vol 3, pp. b9-113, ro._mphctaminc ar_cltc!ated drugs and _ spe.cific:,t7 of their

MATrlREWS,R.T.,T.H-CHAMPNF. Y, G.D. FRYE(1939) Eff¢c_-_ action. Adv. 13iocbcm. F_armacol."lO:18_-19a.
of (:t:) 3,4-methyh_nedioxymcthar:._phelamine (MDMA) on SCH._IOT, C.J.. V.L. TAYLOR (1990) Reversal of the agltlo
brain dopaminergic activity in r=ts. Pharma¢oi. Bicchem. effects of 3.4-me_hyfenedioxymeIhamphetamine by $HT up-
ffthav..33:74i-747, take inhibilors. E::r, J. Phannacol. l$1:13_'_1.36.

MOK.L_R, O.J., S.E. ROIHNSON,].A. ROSECRANS(.1987) (±) SCHM[DT,C.1., V.L. T^YLOe. O.M. AaBATE, T.R. N{F,_U'Z_K
3.4.Methylenedioxymethamphetamine (MDMA) proEuc_-'_ ( 1991) 5-1aT_.at',:_:?..... s stcrcot_elect!vely prevent the ncuro-
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