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' STAT! Ofl CALlfOlNIA Cil:0/!G~ CEUKM!JIAN, GoVffl!Qr 
YI 

DEPARTMENT OF FOOD ANO AGRICULTURE 
1220 N Street 

p;.. "4 ~ t t,· JI kf e. 

p /t..,..1C. , .. , ,.,,,J,. Sacra1Ynto, CA 95814 

REctrvE15M'&· October 4, 1985 

ICI AmericQ, Inc. 

OCT 16 1985 
" : l. l-1......i k! 

nE;GISTRAilON & R£GULATOHY 
AFFAIRS DEPMHMfNT At, ",u l»ile/ 

Concord Pike & ~rphy Roads 
Wilmington, Delaware 19897 

Th• California Department of P'ood and Agriculture (CDl"A) hae received a request 
to evaluate paraquat ba,ed pesticide, for possible induction of• Parkinson'• 
Di•ease like ,yndrcme. This request is baaed on two recent article, (1,2) 
appearicg in Science in which a 11etabolite of au illicit drug, which ,tructu
rally re,embles that of p4lraquat. appears to cau,e a clinical ayndrome similar 
to Parkinson's Disea,e. At present, our toxicology staff feel■ there is 
insufficient evidence to J1Ake a proper determination on this epeculation. 

Enclosed i• an article by Burrus, et al., which describe• apecific clinical and 
laboratory te,ting of primate• for induction of this syndrome (which has been 
induced in both man and primates by MPTP). 

Any 1tu.diea of paraqu.,.t vhicb you may have or are a~are of which specifically 
addt••• this concem ahould be forwarded to CDFA at your earliest convenience. 
Pleaae identify your responto: •paraquat Adverse Effect Investig&Uon" and 
addr••• the response to Tareq l"ormoli, Registr&tiou Speciali,t. An early 
i:e•ponse will be appreciated. 

Sittcerely, 

oQf.'1& 
Peaticide Regiatration Branch 
(916) 322-SlJ0 

Encloaures 

l) Levin. a., Trail of Ironies to Paninaon's Oi■ease 
Sci. 224; 1083-1085, (1984) 

2) Levin. R., Parkinson•• Disease: An Environmental Cauae? 
Sci, 229; 267-268, (1985) 

3) Burn,, :a..s., Et al., A Primate Model of Parkinsonhm.: 
Selective De1ttuction of Dopominergic Neuron 
1u the Par• COSBpActa of the Substantia Nigra 
by N-me!thyl-4-phenyl-1,2.3,6-tetrahydro-pyridine; 
Proc. Natl. Accid. Sci. USA 80, 4546-4550, (1983) 
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A primate model of parkinsonism: Selective destruction of 
dopaminergic neurons in the pars compacts of the 
substantia nigra by N-methyl-4-phenyJ .. 
l ,2,3,6-tetrahydropyridine • 

(dor•mint/MmO\·•nJllic: ldd/l-hydl'C11)indole1cetie acid/3•nMtho.-,-.4•h>·dro¥}'Phcn)·le1h)'lrnc 11ycoll 

R. STASLEY BURNS, CH1JANC C. CHIUEH, SANFOJ\D p, MARKEY, MICHAEL H. EBERT, 
DA\'1D M. }ACOBO\\'l'l"Z, AND lRWl"' J. KOPIN 

1 .. t,oncnn ,I ClinM:.I Sl'!LJKT. l\atloa.ll hut11u1, of Menlll Hullh. Btthnda. M,~la,id 2020! 

fm111,1u1,irflli'd b~ Jt.l1u• ,htlrod. April 20. l9S1 

.,,nSTRACT , A s,lldrume slml111r to idiupathk parlin~oniun 
dnelop,d -.fter intraYCDOl,U 1elf,adrninbtration ol •n illicit dn.ig 
preparation In "·hldi l\'•mclb)'l-4-phfnrl• l J,3,f.telr•h)'drgp)'ri• 
dint (S~tm) ~{pit ha,-r l.ttn resporuiblr (or thr lci-liitit)•, In tht 
prUtlll ,tud)' we WI"' tlt.at intr.i\'tllOUI adminlstration of NMnP 
to the rhesu.1 lbOnl.er p~uon • d4ordi:r like parl.insonurn (•1d
n11:sl1, risidity, poauraJ &rmor, fle1,d po-shin, ~Jkl closure, 
druol!n&) lhal is m'tlfled b)' 1M admlnlstrat.in ti 1.-dopa, NMm 
treatment clc:creases tlM rdease ol dop,mlne and clopamlnt ae-
C'Urnulatea U1 rwollu1 6torted UOJU ill the nllJ'Oftrlatal pathway 
just above the r11bstantia mv•, followed 1,y NVtrc: nerve cell lo11 
fn tht pan eomp1ru ol the 1ubst1ntfa nlsra and • marked ft• 
duc-tlon in the dcp&minc t'Olitent of th, strulu& The pathologb} 
and blochcmictl th1n1c1 prod~d by NMPTP are almlar lo 1}111 
welt-e1tabli•htd rhanin in palltnll wfth parldnsonlsm. Thu,, tht 
S~f PTP-truted mttnlry pro,idn • model th•t can be med lo Ii• 
11mine mtrhnisnn and r.rplore theraple, of parldntonism, • 

Thr most prominent p.itholop~ change in idiopathic parkl11• 
~otilsm h drgeon,•r11tion of the nlgrostriatal dopaminc:rgir path, 
\\'i\' with ne-rvr ,-ell lo.s lu the aubs1:1ntJa nlgr. (1). A neuro
dl;rnlcal mmieguem-e uf this loss of dopamlntrglc neurons fs 
a marktd drt-re1.n• 111 the concentrations of dopamine and its 
major metaho)llt homo\'&nilllc acid (HVA) ln the caud1te nu• 
de-us and p1,uamtn (2). The efTectiveneu of L•do~ and direct
ac·ting dupaminc-agcmlsts in reveuinJ 11.kinesla, ri&idity, resting 
IH·mor. 111.1d postural almonnalitles In p:iti~nu with Jdlopat~ii: 
11.irkin~onu;m (3, 4) rrOrcu the pathophy,1olog}' of thc•e clan• 
kal sl~ru. 

In 1879" ~lnglt' c-.uc-of pukJnsoniJm occurring after intra• 
,·c-nou, ulf•adminiu.rauon of ll\ illicit nan:otie an.J1eslc was 
d4•wribt'd (SJ. Rc-c-cntly, a series of 1imilu c,.$CS has hffn rr
purted {61. \\'e had the opportunity to eumine two patients ln, 
duded ,n the-later study, In both fostan~s there was e,identc
that the mrthod of Zkrinl ~ oL (7) had hffll used to syntl1.,. 
>i:tr tht' rt,·em t)ter ctf mtpt'ridinc-. -&•prnpiono,-,·-J-phtnd, 
,\ •::it-:l;, :piptridm1;. Tlie• m_it",rd mn.:tuu .J~u <·nnt,.nwd tl11 
• : ::t- r,r• ,di.u .\'-mt-th~ l-4-pbeni·l•l.:l, 3. "'•t<'mh~-d~ ,1r• ·ri.!1111 
,~ !\lM'Pi, Alter intr-.a,·m0U1 administr.11hm of multiplt do,1:~ 
oI the dru1 ml1ture over se,·er.J days, the p,t.icnu graduall)· 
dtt\·eloped p,erslslenl S)'ll'lplom, of p,rkinsonlsm, "ilh • ')'ft• 
drome charactcrmd by senre alc!nesla, rigidity, 1 ne~ed pos• 
ture, and • rrtling trrmor uaociated with low concentrations 
of H \'A In tlac 11.lmlw c:~rtbrosplnaJ fluid (5-6. 7 ni/ml). Th~ 
c-lirikal 1i•ns w,~ r,,·•ne:d br the adminlstraUon of" L-dopa or 

Thf publlalion m11 ol thb 11'1.itlr •·rrt defr11)'rd In~ In· p.se dw,i: 
r:i) mf'nl, Thh &rtidr ITllUI lhl"rrforr M he-rth~• nw-1.ea "id~rtut• 
11ir11t" in U1-otd111N' with lti l'.S.C. 07~ iOlrlf to indiaitr lhl1 f1n. 
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bromocriptine. A rnarkPd loss of pi~m~ntc•d c.~lls in tin• ~ul , . 
,tantia nlgl't \\ith minimal changes in tl1t IDCUs t-rrulti.11 was 
found In the one patient who died of other c•aum la month, 
ar1c•r thr omrt or svmptoms (51. 

ln th~ present itud}• Wt show thi'lt rt>pe,1ted inlr;i,·rnous 
administration of NMPJ'P to thr rhesus monkry O\'cr a p1:riud 
oI S-8 days produces• chronic diJorder \\ith nt'urolo~c:-al. bio
chemical, patholopcal, and phanna.cologic:al similarities to ldio
~tluc parkinsonJsm. The symptoms were supprcued by thl" 
adrntntstration or !.-dopa, 

METHODS 
Subjects and Sample Collection Procedures, T"·eh·e male or 

female adult rhesus monkeys (MaaJca mulat1Q) weightni:: 5-6 
kg wert used in the£e studies; eight aroma.ls were gh·en !'\~Im 
and four animals served as control,. The mo11kt'y5 w~rr ad.iptrcl 
to primate rtstralning chairs and kepi in heated and humidifit'd 
quarters on I l2•hr lii-:ht/dark crcle Oight 0700-19001 Tia·, 
Wl!r(' (t'd Purina ~1onh•~· Chow omT dally and ,zi\'tn \l'Jlt·r .d 
lib. 

In two animals, 5tainless lleel cannulat were pl.irtd ill 1l1t
lateral ventride near the for.i.men cf Monro. A 3-m )l'nl[th uf 
poh-cth}•lene tubing (imidt dlanieler, 0.58 mm; \'Ol. 0. ':'!I ml 
was used to connt"('t the cannulat' to a fraction collectur hnuwd 

• In a refrigerator (4°C). A timing circuit and II solt-noid , ah t al
lowed intermittent flow (20-40 sec open, 360-500 .wt dn5l'J: 
and I c-ontrolle-d mllectlon rate (1.25---l.5 ml/hrl. Tia,, l'l'rc • 

hro)plnal Ouid (CSf'l ,,;thin the tubln~ was al r110111 h-111p1·r• 
aturc for approx.imatelr 30 mln before enterln11 the refrii:n:ilt-d 
compartment. TI1t collected CSF was frozen (-.20"C) until as• 
Sil)'ild {or biuil"nic amint metabolites. The cannula w1u Jt'• 

plac-ed hr a •~·let and a protective cap when the animal wu 
returned to lh ca~e between colltclion periods. 

Dru~ Administration. Crystalline NM PTP (Aldrkh. Qi'.i-1 

\\',l!, di~~11hrd in l'lhlllri! .~ 7 me/ml o1nd dilutt•d will, S4 ,11! ,if 
\\,111•r l:r.m1•d1.:1tl'h h,f.,rt· 1r,1t'c·th11,. tl,,~ H,l:1ti(I:, , .... , ~lt'ri 
;,,,.J ti~ i1ltrdt1nr. tlir,,i.;~: ... l:1-µm•po1n fiht"t. 

l\!\IPTF wai adrninlstt•rt>d intm·enoudy in l-2 min tu l'ii=bt 
anhnah ,\l,ith \'arlous dosage schedules. Mon kt>}' 1 lnitlallr rt"• 
ctl\'ed three doses of O. l~ mg/kg at 2-C-hr intervals. After i2 
hr, thb arilm-1 was 11ven three •ddlUona.J d~ly dose. of 0.30 
mg/ks, for a total o( 9. 9 mg during 8 days. Monker 2 was 1h'en 
four da.ilr doses of 0.30 mg/kg followed by three daih• doses of 

Abbtevutlona: Nt.lPTP, N,methyl-4-phenyl•J.2,3,6-telrah)'drop)Ti• 
dine: HYA, homovanllhr acid, S.HlAA, 5-hydroi>indolac-ttit 1t>id, 
MHPC, 3-meth0J)'+hrdro1~-phenylelhylent glyt'Ol, CSf', N"rtbro1pl• 
nal n111d. 
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0.31-o m~ki OR 1.'0llUC\IUve· cb)'I for~ total of' 17.1 mg 'durir11t 
7 don, Monkt~· 3 rtceived fO\lr cWlv dose$ of 0,35 rn~g fo). 
luwvd h" ont dose cl 0.40 m~1 lfld one Q( 0.69 m;,'kg for 
r, IOti.l of 18.6 mg during 5 days, Monkeys 4-8 r~h'ed fivr 
do•es of 0, 33-0.36 ~g/ka for I tatll of 11.0 m; durin; S days. 

Brain Remo,·al and Dissectlon. Animals were injected in
llllmU~cularlr ""ith hlaminr (\'et.Jar) al 7 m~ and •>·lulne
(Jfompun) at 0.6 m~ .,..d ther, anestheUzed v.ith SO mg of 
thhunylal (Surita.II given intravenouslr, and 1he-lrachc11 IA'&S in· 
tul~1td. A mixture or wand 01 was uied to ventilate the .n• 
fmal. and 120 tnJ or ~i:uobarbltal (Somnf fer) was administered 
fntr»\·rnouslr to d~peP the anesthesia. Alter the cranium was 
rrmov«;d ~id the dura o,•er the bemlspheres was expostd, a 
lt'thal dose of pcntolwbital (360 mg) was administered. Thi' 
bril.in "'-'U tranSrtted 11 tbt level of the foramrn magnum, rt• 
mo\·i:d. 111d pw.-t:d on a mtta.l dinf!c•tion tray on lc:e within 5 • 
mill of tlu.· t'f'nation or Tfiriraliou, Thi~ rmwrdure rt'quin·d 
20-~5 n,iu frum tht-Liml' of 't'tamhl(' tr~•atm,:11t. Thto brain w.1~ 

hht·C'lt-d in tht Ugj!il~ plane and tl,t-left h~ \\'KS used ror di5• 
H:ction of brain rtglons based upon grou analomi~ land
mllJ'l.:s. A!ter disst'Ctlon. brain tissue samples "'-'trt wi-lghrd, 
fruu•n on dry kt• within 20 min, and stored In a -70"C free~r 
until asure-d. Tissue umples of specific-brain nuclei (putamen, 
'-"•1.1datc-) '.\'ere obtained from 11Jce1 of tl11: right half b)' punch 
mic-todlssectlon and immediately frozen on Ory Ice. 

Biochemical Mii:thod.s. Tiuues were obtained for analysis of 
H\'A, 5-hrdrox)'indoleacet:ic add (S.HIAA). 3-methoxy-4•hr• 
dro1;rphenrleth)'lent glycol (MHPG), and dop.mine. Brain lis-
5Ut' samples were homogeniicd in 5 ml of 0.2Cl ucorbie acid/ 
O.0~la EDTA solutioii o,nl.&.ining (1H,)HVA at 100 ng/ml, 
(1H~]5-HlA.A (Merck Sharp & Dahme) at 100 ng/ml, and [1H3]• 
~lHPC (S) at 50 ng/1111 a.s internal stand&rds. After ctntnfu
ll..31ion at 10,000 x i, 11-n aliquot (2 ml) of the supematint was 
e-i.tracted ~1ct "4itn 7 ml of hexane and then used for the II• 
mult.nrou..s determination of H\'A and 5-HlAA, The aqueous 
phue was acidified by addition or 0.5 ml or 6 M HCI and ex• 
tnrlc-d with 7 ml of ~thy! l<"ftate. The orFanit· C'llilract was f!\'8J'>· 
crated lo drvness and the midue was redis,oh·ed in 1 ml of 
eth.,·I 11.-ttatc that had been dried with anhvdrou1 Na2SO◄• 

The-eth)'I acetate was C\'aporated under a stream of 1':, and 
tht-residue wu diuolved In 150 µ1 of 1 :2 mbture of tnnuoro
ethanol and trinuoro1&c-elk icid ,nhydridr (Pierce) and heated 
111 i0°C for 15 min. Th" miiture was evaporalt-d and tht rt-sidue 
was dinol\'t'd In 200 µ.I of trlfluoroacctk' Kid anhrdrldf' and 
ht'alt·d at 70°C for 60 min, After t\·aporation, the residue wu 
1a~1•11 up into 50 µ.) of drif-d f'thyl ac-ttate-and analrud h>· gu 
d1rum.-top•phy/111a.ss spectrometry using a Finnigan 3200 
quad11.1pole-mm ,prct.ometer. The Jon pairs monltoted were-
11t mm•lo-d,at&f ratio m/: 360 and 365 for tndogenou1 and 
dc:utt'rated H\'A and at 465 and 467 lor endoal!'nO\JS and deu
lrrated 5-HlAA, req>ect:ively. The peal. height raUos were de• 
1,nnined and the amounts of eodoJenous H\'A and 5-HlAA 
wnt t,lcul.ltf'd h\' in\'rnC' lintar reCrt"s•i:'ln an1k~i~ rl .U,m• 
.;..: d n:T\ rt- fr,.fl11:i(tl1tJ ""~tr c.'l.lrrt'c. 1e-d for d,:i.nnd spilloH·r 
.. :.:i : .. m;rJ ;i1\ll'l~m-t- of deutrnurr. t1~ u~i!•f. d,t pr· .:ram ()f 
jt""uden ct QL (~). 5fp&rition wu canied out li'ith a 1.6 m X 2 

. mm inside diameter &lw column packed with 3~ O\'17 on 100-
120 mesh Cas Chrom Q (Applied Sc:ienct:, State College. PA), 
The colutnn wu rnl.lntafned at 155°C {or HVA and lWC for~ 
HlAA, with rettntion times o{ 1-1.5 min. A second aliquot (2 
ml) of the 11,1~matant was used for the determination of MHPG 
b\' a modification of the method of Gordon ~ al (10). 
• Tht tonct-ntrations of dopamine and HVA In the brlin tJnue 

1amples obtained b)' the punch technique or Palkovits (11) were 
drcmninrd b\' MPLC "1th e-le-ctrochemiell dtt~tion (12) and 
inde-~~ to th~· P.!1)tein ffilttnt dtltnnintd br the ~,y method 
dJ . fiir histufluottl<'t'not studies, tht- brain, including the 
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bral11shm1, wu cut In tlit> C'tlrnna1 pltiu1• 1111u 5 lo IU·111m•tl11~·k 
slice~, whkh wrrc• pliti•ctd 011 glau sli<lt•~ ,rnd imu11·Jia1L·h !111• 

zen on dry kt. n,,. f ro;um slit't:S w,m.• U•('ti,,111•d at~() µu; w1tl, 
i. Cf)'(t~lal (-1s~c1. Ti,~uc· 5]jres wert· ,t:ii111•cl fur ,·.itl't'lwl• 
amlnts 11)' utllizins thr gh·uKylk add method of l,istuOuo11·~
,-cnt't' ( l 4 l. 

n111 c.:onc-t:nlratlons of HVA and 5,HlAA In CSF wc-rr dt-
lt!nnlned br gu cliromatov,iph>·/m;us sptctrometr')' u out
~ued abo\'e. After &ht aJdiUon of 500 ng or l1H6)H\'A and 125 
np. of ,.H.~HlAA, l ml of cs, WU diluted with 2 rnl or 0.2~ 
ascorbic acid and acldlfir-d \,ith 0, 3 ml of 3 M HCI. and 50 l-'-1 
of 0,2'1, EDTA wu odded. ThL' ,queC1u~ mh:ture was extrac-tt'd 
with ethyl •cclilt- 1m<l 1hr tUracted ml"l.ibolicl.'s wert carric•d 
through the step~ uutlinc•d nho\'e, TI.~. \I II rr; 1.-01w<:ntratio11 in 
CSF was dettrmintd h~· tht-mrtl1od c,f Jinwnon ct al. (15:. 

Thl!'r•py "ith L•Dopa. \fnnkev:? r~~-eh·1·d oral Sint>ll\C't for 
-l 2-1111111!1, p1-ri1.J. 0111' t:il,ll'I uf !)llll'ilid ; l<'(t n,~ or L•dn)'..i at,d 
10 mi: of t·arhidop..i I ,1·tts puln•rizt'd, <li,,vln:cl i11 or,1.ni:t• driut 
and gi\'cn to the 1111imal evcrr -4 ht li\'i.- time~ daily. During thi• 
lrflatmtnt motor ac-ti\'it)' wtu <:ontinuouJ!r rc,1,rd,d bf usin~ an 
ac1.:eleratiun-$rmili\'e de,•ice equipped with a ~olid-stalt m,·m· 
or)' 1ha1 stored data on tht-number of IIIU\'Cmt"nU pt-r unil of 
time (i,5 min) for a period of up to 32 hr (16). The actMtr mon· 
itor w~ placed in the midlmr bick pocket of a primate jacket. 

HJstopatholorr, For neuropathological studies, monker 2 ~15 
killed 2 months afttr the Jut dosl!' of J\MPTP. The b,ajn wu 
flJed in 15% formalin and tissut sections were stained with he• 
mato~•lin and eosin, 

RESULTS 
Behavioral Obu:rntions. The acute efTtcls of 7':\f PTP In· 

duded abnotmal movemenu and alteraUon1 or molor bt'ha,·ior 
and posture. Thesl!' effects wcr~ f1111 seen after two or thrt"f 
doses of t-:MPTP (0.33 mi;/kg) h11d ht-en adminlstm•d al 24,hr 
inter\'als. The abnonnalities b~.imr more ,trikrn~ after tach 
su~sslvt cfosc. Tht-)' OCC'Urrtd wllhln 5 min of drui: .11lmi11• 
lstr11t1on 1111d, lnltialh·, la~te-d for l5-3U min. Afh·r 111 a11irual 
had rt-cel\'t-d four or {h ,. do~c~. somt' of the-acute molur t>llerts 
persisted. • 

Tht first motor siµrn to 11ppear, urnally after the-third dose. 
were intennitlent ryrlid closure. a dt-C'rf'.ase In spont,\11t'0U~ 
mO\"ttmtnts, induding loss of facial e>;pression, and pustunil 
trt'mor, Tht-animals Wt'rt-awake. howt-\'tr, and rt-spondl•d u, 
loud noisrs hr opt'ning 1l1t'ir L'ft'S, lookinir al the txamlnt'r and 
m:\klni; Wl'ak 1hrt'alrni11i; movt-mcnh. Thi:' lri.-rnor \\'J~ intn• 
mittcntlr present. modrralt-ln amplitude, and slow in frt .• 
c.uenC)', and ir1"0ln·d the pro:dmal musclti or the eitmnitirs. 
A postural tremor of the-hud or jaw \\'U observed In somt• .111• 
lmals. Thei<.' acute motur cffech l~ted up to 30 min. 

Motor SliJ1$ that appc-:i.rr:d onlr ai1er four or five dose-s ir1· 
duded abnormal facial ·mo\'tmrnts and chan;t's in posturl:', 
mu~de lone. and dt·~lut:tiC1n. Twitdiinl! or tl11.' f.d:il mmdi-~ 
;.:~:' f .. :·i.,' ::in .. ,~i:.; ••. · •· ··;' •. i·,· ~ ~ t f, .. !• ,-, ,. 1· _' • • 

-'.:!U.J~: L,u JlS)i\!. '~ ··,• :,, ..4.: n..::d'!". o! t!:~ ~rf•t•• .. • .. !. •' •, • . . 
•. ,:·.:, ~;.:;:.· ~':. :7,i.):~,::· .. ~·::,. •. p.a!.l'• t ,~.l~l'•Ht·nac.!th 1:, it•~) •• ;_ 

a111I rnsl11ined tuminF to one sidt' Wt'rt' OU)t'r\'ed in somr of th~ 
a11imals .. Sornc anim&ls alsu had diCTicult)· swallowinJ, as t'\'i• 
dcuc.·e"d hr drooling and the at'Cumulation of food blsculcs in 
their mouth pouches. Ro1.1tory mo\'emenls' of the e)·es "'ert
ohsr:n·ed in some animals. 

In all of the animal$ eyelid closure, dtcrea.sed Jponlanrous 
mutor acth:lty, rigidity, po~lural tremor, and di!Tkultr s\\'al
Jo\l'in& persisted aflcr a cumulath·e dose of about l. 7 mg/kg 
had been reached. Abnormal facial mo\'cments, head Hh!:n• 
slon. and rotatory ey" n\U\'ements, howe\'er, were obu:•rv~ 
onl~• during the 30 min lmmtdiattl\' aflc-r dn1i: adminlltration . 

.\fter tht 5-da.)' ptriod of dru~ administration, othe-r si~n, of 
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motor lmpa.lrmenl appe:11ed. Tlic•e ihdud~d g1mcr~t slownr:H 
of movement. a fleited posture:, loss of hand dexterit)', and 
·rreei1ng'' episodes. The arum.ls rem.llnird se-ated, with marked 
Ou.ion of the neck, thoracic spine, and upper and Jo14•er e1• 

tttmlties (Fig. 1 Upper). There wu e,·ident diffic-ultr in pid,:, 
Ing \1p food biscuits, which were 5ubsequentl>· droppe>d whil1: 
being carried en the animal's mouth. Episode5 of ''fr1:tzing" or 
slopping ln the middle of a motion v.•ere ohser\'cd in sumr an• 
im3ls. "tinesle ptradonle" (17) v.aJ apparent in some animuh, 
whrn il bbc-uit WaJ thrrMll into the hottom of thr ,·:i\!1• .. tht' ,111• 

im"1, lnit"1llr mo, t'd with norm.al »~~d to rt'tril'\ e tlit> 1i"1u hat 
thtn tht'ir mo\ emt'nh bt-~·amt' slow 31!:i.in. '.\lotor fii:u t 1•1~1 d1·f• 
icits apptared to int:n!;Ut during the initial :?-w~ek period ;1.fkr 

the last dose of the drui. Treatment v.ith L-dopa was dfl"tli\'11 

In ccrrecUng the motor deficits, During the period 30 mio to 
3 hr after the or.ll administration nf Slnemt.'t, motor acti\'it\' 
returned to normal or becamt abnormallr hiJ(h {Flis, l Lot.1:t'r 

and 2). 
Neurochrmic:il Ch:mgts. The ch:mgrs in th~· t·onc·entrllin:,, 

of HVA, MHPC, and S.HIAA in ventrkular CSF durim: mul
tiple dose administration were slmililJ' in the two animal, stud• 
led, although the Initial (0.15 and 0.30 mg/kgi and Iola.I 19,Q aud 
"17.l rng) aom differed (Fig. 3). After the period of dru~ 
administration (at 6 and 8 da)'J), tht' c-oncentratlon, of H\'A, 
MHPG, and ~HIA h•d fallen t0 an average of 37'i, 38%, and 
60% of lhe hue lint value, respectively. The gruttist decrease 
In the CSF concentrations of HVA and ~tHPC occurred during 
the flrst day, when the levels fell rapidly to an averase or 61 % 

and 52~, resp~c:th·elr, of the b11se line \'alues, Thlf concentra• 
tlon of S.HlAA dec-reued gradually during multiple dosi: 
administration. 

The le,·eh of H\'.t ~IHPG. and 5-HJ.A. .. ~ in various brain 
regions were generallr reduc-ed at l to 5 days after the admin• 
lstration of fl\'t dom of !l;;\IPTP totaling ll mg (Fig. 4l. Thr 
levels C1f H\' . .I, were uniform!\' decrost'd to an avera~t' of 37'.r 
of the control ,·alues; the midbr.1in. putami:n. and c;1udate: nu• 
c:leus cont.intd 36~. 3Zi:t, nnd 31,c,of control H\'A ronL't'n· 
trations, resp~cth·ely. ;\lHPC levels wm· UN:rcur!d in 1111 br.iin 
regions examined to an a\'erag~ of 33~ of the C'Ontrol valut"~ 
except In dre frontal cortex.. U\'els of 5-HtAA wer11 nlso d, .. 
crca.sed in the midbrain, putamen, and cauch1te nucleus, a~ wi:11 
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Flo, 3. Nwnber or movam1n1.t per 30 min rttordtd f~r • 2,-hr pf· 

rlod by u 1cc1ltrtlion•Hn1lllvt aetlvity rnon.ilor plactd 1n tht pock,l 
ol a primalf Jackel. Mntor •ctMty live\ or NW>TP•truttd rnonkt)' :J 
while receivlns L-dopa (l)pptrl ccmpar,d wilh that or I hormal malt 
rnonkr,· 1t.o1.1.'f,I, Sintll\tl 1100 tnl of L-dop1 and 10 mr o( nrb1dop1• 
•·u 1dtnini,ttr1d orall)' 1\ timu lndicattd 10 1, 
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fie. S. Vt1tric:ulu CSf co:icentraU01i1 o( 5-HlM lol, HVA l•t 
and MHPG IA) n. um, dutin1 the period ct repe,tad lntravenou, 
1dminiltnLioo ol NMi'I'P lurow,l ad 3 rnontha later IA NMP'tP
\l'utitel monkt)' 1. Zeni rtpiatntl tlmt Qf 1dmili1ltnlion ot the nnt 
dc11: Initial data point. were at 2, S, 10, 1,, 18, ~ 22 ht. Bue l~t 
val11t1 UOO"i), rtprt1tiir.h11 th• mtan ohht c:oncaotntJon valutt du,. 
ins the 3-ilay baN Ila, period, for 6-KlM, HVA, ud M.HPG an Ul, 
810, and 22.8 111/1111, .... peetlvtly. 

~ the hypothalamus, but the 5-HlAA in the medulla, pons, and 
front;il tortex did not appear to be altered slplflellntly. 

In the! one-~Ima! that was ttstudied after 3 snonths, the HVA 
rum·r11lr:1tiun in the vantril,.'UI~ CSF rrm;ilned AS low u the 
lim l"SI len,l, found initiall>·, wherrN th~ concent,-.itions of 
~lHPG ,nd ~Hl.U had incrra.Aed (Fig, 3), ~ ~IHPC '-'On
rrnlratiuu, which had bt,•n as low as 3i* of iU base line ,·alue, 
rtlun1ad to 751 of thu \·tlue 3 month, lattr and the S-HIAA 
t.'OIIC't'ntr-.tiun iocre~c-d from 661k to 8611 of Its b.i.lf llne value, 

n,e dopamine levels of the putamem wer~ .bout twiet nor• 
m;il in two 1mim~s killed 1 da)· after the schedulrd (1 l.0 mg of 
:-:MPTP during 5 days) dnig admlnlstn,.tion (Table 1). The mo
lu t'lltio ol HVA to dopa.mine In these animals wa.s decreased 

HVA S-HIM • ~ □ 
MHP'(i 

• 
I 

l 
Fu:;. 4. £1l'tci of nputtd lntravenoia 1dmlnlttration or NMPTP 

•fi\'e doset or 2.2 1111 at 24-hr intat'\·1.bl on tht tl1111t l1nl1 or HVA, 
~IH PG, and S,HlM in din'rrent brain rtficn, of moake)'I aacri/lt'ld l• 
5 da\'I antr dni1 adminimation. Each bar er llne UOM-levtll np
n-~tnla th, mean = SE!d cf thret animaa uctpL ban for hypothala• 
tnus. pu~rn•n 1!\I.HPO onl11, a11d ttont,.J cortu, and liD• tor pona I~ 
HIM only•, •·hich rtpruent two 1nimau. The coallOI v1lut1 (l()OIII 
for Lht mtclul111, pcuu, midbttin, hypothalanua, pulamen, caudata DU• 
"'"u,, .:ind trontal conex. hi that ordtr, an u rolloW1: (i) HVA 11'1/rl, 
o 51-1. 0.962. 3. U, 2.20, 16.3, 12.5, and 0.387: liil MllPG lnr/1> 117, 
18-&. 195. 518, \09. 165. and l«: tiiil &.HIM 1,.,.1/110.963.1,56, a.55, 
"~ii.I. u oiO. o 451. arad 0.10-:- • 
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Table 1. E.ffrct or NM.P'rP on dopAmine 1md UVA c011centratit1n1 
lnr/m1 pro~inl In thr Blriah1m ofthr monr.,y 

Tim, gf 
aa;rific,, 
clay a,• 

Control 

1 

fi 

27 

Animal 

1 
2 
3 

• 
1 
.2 

1 
2 

Put.amen 

Oop3· 
mint H\'A 

147 J63 
125 272 
118 241 
131 172 

!50 109 
23~ +l 

232 92 
75 31 

3.2 29 

Cuudnt~ nucl!!1,1s 

Dopa, 
mint H\'A 

132 100 
156 13~ 
156 112 
155 125 

liO .&7 
16~ 31 

w, 32 
13 JO 

83 52 

All animih r~ei\ e-d fivt ci.i~• of 2.2 mi' of N!\IPTP iuttaven01aly 
1t 24-hr intm•ah. 
•Daya a!ttr compluiciD ar COW'H of trntmrll\ Wi\h N~1PTP. 

In the putamen (frorn 1.-l to 0,3) ».nd th~ c-audrttr nudl'us if rnm 
0.8 to 0.2}, 

In one animal itudied at 2i d:i\'s if trr the 5-<l.i,• ,·uurS&\' of 
drug administration, tht dopamine le"els of tht p~tamen and 
c,udate nudeu, wert less than lO'A: of the control valu~s (Table 
l). The H\'A-to-dopamine ratio "u int-rea.sed in the pu~me!n 
(from 1.4 to i.6l and the ~udatt nucleus ,from 0.8 to 5 -ll id :!i 
day,. 

•: ••I • •' ' '',,: 
. ' ' 

.. . .. ..: 

Flo. S. Tran1vern fft'tiaM thttiurh th• m1rlbr:11r.1 d1owln&" th, 
1ubat1nli1 nigro. a( G normal m.inkty I L'p~•r, .u.d :-,;\lf'TP,trt.ihil 
lnDl\kty 2 1Lo1ur1. ~ct, ,t\'@re nt'r'\'f etll ln,. :r, ·~:.u•rl'-trea·, ti ,Ir.• 
iJn1l. tHem~t?x~·lin1t·,•11n •:11:n; • OU.: 
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Enmln,tlon of Braµi b)· Hi!totl1.1orc1cencc. Hbtofluor&-s• 

C't-net: stud!rt were carried out h1 one control animal and In an• 

lmals killed 1 dar and 17 days af\er the 5-da\· course of drug 

:idmlnutration, All rl the fiuorescont cell bodies nonnall)' ob

icn·ed In the aubsunUa nlp-a had dlsappurrd 1 d.ir .ifter the 

t"OUl'ff of tnatment. However, al 27 d.i}·s llpproa:tm.1ta:h· half 

of the nol"Alal number of cells were prtsrnt. At this time swol• 

leA, dutortld. interuely fluorescent dop3mint-containini; ax• 

ons were tffP in the uea ln1mtdiattly above tbt mnil comp.act• 

..lf tbr subtt.JJ2tla uip-a. Swollf'-n a.,o:,~ Wl'll" lf.lso st-en In tht 

\C'Rtr'.U p;ut or the mtemal t'4p~Ult', the> h.uJ.l ponfan of tht-gl\)

bus p;llidu.s. ud the IC>'"Jlt m\'Cii;ll p.l/t nf thf' putamtn. TI~ 

rhangta were pre.snit at 1 da>·, but were much mort: itri~ing 

in th, animal ~led rt days after drui administration. The m&• 

ck-us K'C\lmbent, ol£acto,y h.lbercle, locus cervltus, at1d part• 

,·enlricular ~nd 0U1er h)'J)Othalamlc: n1.1clci of both drog,trt~ted 

;,1nim:1h (~illed at 1 day or 17 days 1fter 1"MPfP) llpp<'arcd nor-

m~. 
. 

H.iltop;ilholopcal O.an1es, $e\'ere nen-e ctff loss in tht pan 

t,lmpact• of tht: sub5tant.ia nign or mon~cr i (killtd 2 months 

after NMPTP treatmtnt) wu found on light mkrofCC>py; leu 

than lO'l of the normf.l ctll population was prC'sent (Fig. S). ln 

the 1trlatum1 no loss or degentraUon of nerw cells or reacti,·t 

&Jlal oeU chu1e1 Wire teen, 

DISCUSSION 

~MPTP-loduced parldnsonism in man and Idiopathic: parkin• 

51.>nism elhlblt Ule u.me clinical tlgn, (aldoeslA. rigidity. 'NStlng 

tremllr, fleaed posture), and these sf~ns are reversed by 1-..Jopa 

or bromocriptine, Thr lou of pigmented nel'\"8 cells in tht sub

stantia nlgn and th~ low level• of HVA Ja lumbar CSF t'Or• 

rripond to the nwj1.1r p,.thole>~ and biochemical r;hm1ts found 

in ldiop1thlc: parldnsonbm (l, 21. 

ln the prtsent ,tudy we ha,·t: ahown Uat a :iimll~ nturo

lopc:'1 diaorder can be produced in the rhesus monkey. Aki• 

ntsia. risldity, a flexed posture, &Ni a postun! tremor th.at can 

bt re,·eutd b)· the administration of L-dopa are evidtnt :ifter 

several intraveno\lS doae, of NMPTP. The sif1U indu~l!d by 

S~IPTP in thtt monke~· are dlrt,;tly comparablt ind 5imilu to 

those produced in man (Table 2). 

~~IPTP acutelr affects brain dopaminl'. norer,lni>phrintt, and 

serotonin systems and produces dtc:rc:a5'S In thc.• l~\·tlv of thttir 

mrt.ibolltes In brain ano CSF. ,o\n inili.il dcL•re,bc in tlw rdl'.l>l' 

or dop11mine h lihown hr the r.i.t,id fall in lht \'~ntrk-ufar CSF 

c.'Onccntratlon of HVA and decreaJtd Uss\le lc\'els of Hn ~· 

rompanled br an incre~ed dopimiur L'ont1mt in tht• ,ttl,1t11m, 

The IK'¢Umulation of dopamine obsc:rwd ln thl' J.\OI\~ ;\hmC' tht• 

,ub:itJ,nti.1 nigra suggem that ~~IPTP m:•~ clJlll:\\!l' ,,,. 1lntr,1r 

the termfn~ varico•e (iber• (n thl! ciuc.l,1~--pullu11~11. Tht' IL\• 

onaJ transport of dop~lne fs substquenth· rcl~rdC"d :md d~ 

pamine accumulates within th11 axon~ p~:i$ts, 

O"er a lon1er period, NMPfP appeus to selecth'clr ;ind Ir• 

rt'\'tnibly dam;1.1r neurana In thr piu~ compact~ nf tht suh-

Tal:ilt 2. Corupari.lon of tht maj;r tli.i.cal tirnJ of the NMM'P

iducad ntw-11loric11l di.order in man and \ht monkt)' 

Maft Monkey 

Aklnatia 
Rilicllty 
Re11in1 tl'tmor 
Fltud potllll"t 

E)·tlld clOIUft' 

Oifficuh>" ,~.-allowin, 
, droollnr, 

Oilf mih)' with •~h 
·m~ti~m• 

. . 

Aklnuia 
Rigidity 
P111tural tremor 
Fteud~unt 
Eyelid cloture 
Dlft'iculty '"'allowinf 

•droolina> 
o .. ~re:aHd ,·ueal~tlon 
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atanlla nlgra {co1Tcsroudi11g tn artas .... a and :\9 or lhl' fill hrilill ', 

ltading to chronic et!ll degr-nen&lfon and ultimately to st,·trt' 

ne-rve cell loss and a rnarktd rL•duttion in tht' dop~n,hu: {'()nll-nt 

of thl' striatum. Dc,pami11c terminals In the nuclc-us ar<:umbru) 

and olf3ctory tubrrcult orlginatinR frnm nther dopaminergic: 

nl'urons in the ventral rnldbraln (rorrt"sponding to arr.ll Al0 of 

the rat bnun) appear normal on eumination by histoOuon:s

<.Tnt't' ml'thods. Cle~rl)·, these two dopamintrgjc neuronal sy1-

tem1 art differentiall)' HnsltJve to the neurotoxJn . 

:\!thou~ diminished biogenlc amine relrast' was rvldrnt in 

thl" lw.ur~ It'\ ~ls ur H\'A. 5-HL-\ ... \. :>.lld :\I HPC in tht• It'll• 

ttkul~ CSF one da,· afttr tht first dose of S~IPTP, thr mon• 

kc:~·s f.ill"d to t>xhiblt motor .ibnonn.i.litil".1 until if'\tr .. l J11»~s of 

' the drug had been admlnuttred. Thl.s is ronslstent 14itli d1t1. 

,howing that considerable reduction of dopamine ~nd it1 mt• 

taoolite1 mar occur without the developmtnt of clinical tvi

d,mct of disordered function, presumably be~nuse of ilO~quit~ 

com~ns1tor)' acth'ity '" the sur\'h'ing neurons. Enham'l'd 

tumuver of dopamine in tht rrsldual neurons presum;ihl~· is 

reOtcted ~• the rtvttsal of the H\'A-to-clopamine r.itlu~ ~7 d.i~ \ 

after dru1 administration. 
Al,lng re•ults in a diminution in ,•fable nturons, includinu 

tliose of tht dop:iminergic sruems. ll h.u been sugi:rsMJ thJt 

th" agt•rclated cha.nKeS In dop.-mlnergic systems i;-oulJ be 1m 

etlofo&'cal factor in the developmtnt of idiopathic parkin$011bm 

or deprtulon, the fncid1mte of which incrca.se -.·1th .ige 1181. 

There is a posslbilih.·, therefore, that humans who art expo,~d 

to dotes of NMPTP that produce permanent but subclinlc: .. I 

dimage to the nigtostriaul system may be susctµtiblt tu the: 

devt!opment of puldnsonlsm at an unu,uall~ early ag". 

We have shown that N.MPTP Is the-n~u,oto~k a(ent re· 

1ponsible for drug-induced parkins11nism in huma11i; l,y rt:pro• 

ducing lhe neurologjeal 1yndn1me and pa1hoh,giral c:han,tt•s in 

the rhesus monkey, A totin causing a ayndromc ln anim.lls sim

Uu to idiopathic parkinsoni,m liad not ht-em dtmonstr~ted prt'• 

,·iousl)', to our knowltdgt'. 
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