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Thr most prominent pathological change in idiopatl1ic parkin­
~ouism is d,·~!C'nt'fJlion of the nigrostrlil;il dopamincrgir path­
w,n· witli nt't\'f' ,'t'll lu,s iu the substantia nigra' '(l), .~ neuro­
d,;mi,-al n111sec11icm·e of this loss or domminerglo neurons ls 

brom0<.Tlptinc . .4. marked loss of plgmentt>d tells in 1ln,;· ,uh­
slantia nigra \\ith minimal changes in tht locus t-erul(•us was 
found In the one palient who died of other ,~.iuses lb month~ 
aftt•r the onset of symptoms (5). 

ln the present study we show that repeated inlrii\'l'IIOUS 

administration of NMJ>TP to the rhesus monkry O\'cr a period 
or 5-8 days produces a chronic disorder with neurologk'lll. bio­
chemical. pathological, and pharmacological similarities to idio­
pathic parkinsonfsm. The symptoms were suppressed by thi­
adminlstration or L-dopa. 

METHODS 
Subjects and Sample Collection Procedures, Twcl'"r malt-or 

(f'1nale adult rhesus monkeys (M~aca mulatta) weighing 5-6 
~ werto used fn these studiei; eight animals were givt:'n ?\~I PTP 
and four animals ser,·ed as controls. The ,nonlw~is wen· adaptnl 
io prfmak rt'Slralning chairs and kept In heated and humiJifi.-d 
qu:irters on a 12-hr light/dark cycle Olght 0700-1900!. Tlit'~ 
Wl'f(' r,•d Purina ~lonkl·r Chow once dail~· nnd ~iv<:n Willl'f .id 
lib. 

Jn two animals, stainless steel cannulae were plnc-i-d in tlti• 
latt'nl \'entride near the Ioramcn of Monro. A 3-m lt•n~h of 
pol)·eth)•lene tubing (lnsldt diameter, 0.58 mm; vol. 0. ";Q mt· 
was used lo connect the cannulae to a fraction collec:tur l1ou,l'd 

ll marl.l·d dt'4·reaH' In tl1e conecutralions of dopamine and lb 
rnajor ml•taholilt' homo\'anillic acid (HVA) in the caudate nu­
dL•us and putamen (2). The effectiveness of L-dopa and direct• 
;,t·ling dup:amine agonlsts in reversing aklnesJa, rigidity, resting 
lrt"mor. anJ postural :abnormalities In p:tllents \\ith idlopathit' 
p.ir~in~onism (3, 4) rt'flects the pathopb~•slology of these clin• 
it·al Sii;!nS. . • : . . , : • . 

• l ri l 979 a single ,~ of parkiosonlsm o«'Urriog after intra-,· 
\'t•11ous self-odminislratlon of an illitit narcotic analgesk '\1'85 •• 

c'l1 ')l'Ol,t'd (5). Rtcentl~•. a series of similar cases has ~e~ rt'~ . . 
ported (6), We ha4 lhe opportunlt)• to c:~e ~"O patf~nls In-: : 
duded in the later study, In both instances there·was ~•id~nc.,e 
tl1at tl1e method of Ziering tf ol (7) had been u,ed, to S\'l\t)~,... • 
~i:re the-rC',·t'rse t'~ler ttf mept'ricline, 4-proplonoxr+P~fm·J.: 

• IA a ref rfgerator WC). A timing circuit and a solenoid ,·11h-e ;J. 
lowed inlermlttent flow (20-40 ,ec open, 360-500 m· dust-d! 
and a controlled rollection rate (1.25-1.5 ml/hr). n11• l"t'rt·• 

brospinal fluid (CSF) within the tubing was at room kmpn· 
alurc for approdmalelr 30 min before entering tl,e rd riJ!.-rated 
compar1menr. Tl1e collected CSF was frozen (-20°C) until as­
Ja~•t.-d for bloJt'nlc amine metabolites. The cannula \\".1S rE-· 
plag:d b)· a stylet and a protective cap when the animlll was 

.'\ -=tid:~ !pperidinc. nu- inJt'Clrd 'mixtu~,, aho mnt..im~ t}u·\ 
•. ::t" rr•,::i.:~·t X-mc-thyl-l•phenrl.•l.~.J.i:--tNnhycrn1wpd11u:!· 
,'.\~IPll'i• ..Vter inlr.l\'t'llOUS admirustration ~r muhiplt-·dosei;, 

returned lo ils caie between collection periods. • 
Drug Administration: Crystalline 1'~1PTP (Aldrid,. 9i~I 

w~• dis5nlved in rth~nl 1Ei. "; me/ml' .lnd dilut,•d \\itl, ~ ,ol of 
\1 ,nt·r. lmmrd1.1t~h \wforf' ir,i£'<·tiu11. th1~ ~olution w.,. !itt·n· 

• • il;,•d b} f1ltr.ition ti,ruui::h .. li-,-im-porr f 1lter. 
~~IPTP was administered Intravenously in )-2 miu to t-i{!ht 

aniinals .\\ith ,•arfous dosage schedule1. Monkey 1 initial!)· re• 
cel,'td lhree doses of 0.15 mg/kg al 24-hr Intervals. After 72 
hr, this animal \l'&S given three additional d~ly doses of 0.30 
mg/kg, for a total of 9, 9 mg during 8 days. Monkey 2 was given 
four dail)• doses or 0.30 mg/leg followed by three daiJ>• doses of 

of the drug mb1ure over le\'eral days, the patients graduall)' , 
dt-,•eloped pmi!lent symptoms o! parkin~n!smi \\ilh'a syn-_

1 
.. : 

drome charactenzed by severe akinesla, rig1d1ty1 a flexed p~s-. • 
lure, and a rnting trt-mor associated with low. conttntralions . : 
of HVA in the lumbar cerebrwplnal fluid (5-6. 7 nl/ml). The· . • 
dinical sign, were re,·e~ b;• the administration of"1--dopa'o·r: : I 

t • ' ; I I I • • I I iii .,,· .. '• I· ' 
• ~ • • • . 1 ' : , • Abbrmallons: NMm. N-methyl-f•phenyl•l,2,3,6-lclrahrdrop~'ri-

Th" putilicat1011 toSII ol this artkw "oett defr.iycd !ft part by r,'e dwgc:'. • · • din,:; HVA, homovul1Jlr add: S.HIAA. S-liyd,a,;yindol~II" acid: 
1,:., mrnl. Thi, arudr must Wrrlore br ht-tt'br marked oil"rtu,.,. : , llHPC. 3-rnethol)•-4•h)·drox)-phenylcthylenr gl~I: CSF, ttrl'brospi­
n1,:nr in an'Otdmtt \\ith Iii ~•.s.C. 11734 solclr to l!lclica!t" this fut.: 1~ j nal Ould. 

, • ,i :•, ·i· : I. , : 'i, 1'1·1• •1• :, 1• :, I! 'j,j; : I. ,'It • ' i I ' • I ,• '... 1 J'•' ~· 

I
, .. · · ,• .. ;. ,,, ··l•'."'_.5~6 

•: /• ., •111,.' •1.'l 1lfl!, 'r 1•,1t1; q<,11 
• I;·•· 

1 
• ·1•1"•' 
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,,.... .... ,,J:,l!Jl',1,llM~,lir:i~,~-'.!ti• ( :~~~:n.1:~, • .tl!lmffl·. • p1;1 !tl"{~1,~~1~ml[~!~•::•1Y,f'.!i~'~ff;p~:~4~J~~j~'~'i'.~X b'(; (19!13, • •t:>47 • ,,,··Jll~~•~l ,. ~ ,f, ·~·,,tf ' ~-~.t ,;p~11. ., 41 !J1't:tt,1f' 11,]nt''J··•·H.t.•~, ~,, .. ,r~•'"'I' r-1-·, ,./ ... ,. . : . . 
•· -.: •·.· :.,,:l:r:i~{t<~~: .f:rr-r. '·.-~ill 1F~,i11· .i•' ~ ,;i, l'l:,1;r,ii:1r,-1·.-.•;·,::1.~1~f'l\l:1;t~-,:· ;,1,!,1 'l"t 1 ·'i'Y·i ,. ·:. 

0.311 mg/1.g on_:~P,~!.cu~rf ~~Y.f ~o~ ~-·~~J ii H ,iJ.1,r~ -~,i.nn~:tJ \i-,i;~ µ~,n1tt~m:1·"~ ~"!, _fn tl1~ ~~ronaJ platlt' tnh> 5- 111 10-mm•thil'~ 
i d:tp. ~tonke}' ~.rf~i~~ f.o~r d~1y d~~s'~f p.,35 fr~(qo_l:J:;i ':. Ii sii~s.:w)u~•l> ·"'ere plac:t.-d on glass slidl•S i111d imuwJiatd~-lro­
lm\'tid by ont! do5! of ~'.49 ~&/1'g an~ o~~ ~.0.~ 1,!"g~g f'?J)f ', -),t:n on ,drrJ~. The.-frp2c11 .slic-es were s1:dic111l'd at 20 µ.11, will1 
a total uf 18.6 mg d~ring s d~)1· Mon~eys 4-8 recifi~•~~ nv~/t· .• I: a cryc~slat (-:-Js•c,. Tis5Ul'· 5lices wert st.ii1,ed for ('akc·h(II• 
du)t'~ of 0.33-0.36 mg/k~ fora totiJ ~ 11.0 mg 4~ring ~ ~a)'~i ,. _ • • amines 11)' uUJlzing the ~h·ux)1li<-ac:id method of historluon•s• 

Br11in Rerno,·al and Dissection,· Animals were,injectecl in• Oi. ,, t'Cnce (l-1). 
tnuuu~t•ularl~· "ith lelamlne (VetaJar) al 7 mg/kg and q•J~t~t' . ,_ • Tht t'Onccntratlon5 cif HVA 1&nd 5-HlAA in CSf werr dt-
:Hompuul al 0.6 mg/1,:g _and then anesthetiied ~th SO ~g of,'.. termined hr gas chrpmatogrilphr/mass sp~ctrom«:tr)' as out-
d1i;11nylal (Surital) gk•eQ in~ravenousl)", and tht trachea w~ In• lined above. After the addiliun of 500 ng of (1H~)H\~ and 125 
tuliated. A mixture of air aud 0~ V.'aS used to vent.Uate the an• • ng of f2H2)5-HIAA, 1 ml of CSF was diluted with 2 ml of 0.2'k 
imal. and J.20 mg of pentobarbltal (Somnifer) was admlnls,erecl ascorbic add and acidified \\ith 0.3. ml of 3 M HCI, lllld SO µ.I 
intnwt'nuusly to dee~ th~ anesthesia. After the ~i11m was of 0.2'J EDT A was _11ddcd. n1e aqueous mixture was extM·tl'd 
removc:d and the dura o,•er the hemispheres was e1po_sed, 1 with ethyl acetalf' 11nd tht-extracted mtt.1h<,liles were carrfod 
li•tlaal dose of peDtobarbital (360 mg) was administered.: Tht! through the steps uullined abo,·e. nlc• ~IHPG <.'Oncc•ntration in 
brain was transected at Ille level of the foramen ·magnum, re. CSF was determined hy the" mt'llmd of Jinwrson ct al (15). • 
mowd. and placed on a metal dissec-tion tra,• on ice within 5 • Therapy ,\ith L•Dopa. ~1onke)' 2 rcL-ein·J oral Sinenwl for 
miu of da«-a-ssation of rt~1iraOon, Thi~ Jlr<>t:tdu're rt:CJu!rt•d a 2-muutlt 1wrii1tl, 01w lc1hlet of Si11t·n1t'I /10(1 IYI!! of L-dnpJ a11d 
:!11-!:5 111i11 from lbt' time of ketami11e trl'almt'nt. Thti brain wa~ JO mi: of t:arhidopa) Wils pul\'l•rized. Jis~olvctl in ora11ge drink, 
hiH·ch-d in thr saggital plane a11d the left Jualf was used for dis- and given to the animal c:,·cr)' 4 ltr fiw times dailr. During this 
1ection of braiD regions based upon gross anatomical land• treatmenl motor aclhity was continuouslyremrded hr usin~ an 
mi1rks. After disstttion. brain ·ussue samjles wrre weighed, acc-elcration-sensiti,•e de\·ice equipped ,,ith II solid-stalt' nwm-
f ru:1rn 011 dry foe within 201,nin, and store in a -10•c free~cr or}' that 5lurcd data on the number Qf mo,·cments pt·r unit of 
until a.ssa)·td. nuue samples of specific brain nuclei (putam_cn, time (7.5 min) for a prriod of up to 32 hr ()6). The acti\'itr mon• 
c.~.-udatt-) \\'ere ubtainrd rrom slJces of the right half~)' p~nch ltor was P,laced tn the midline back pochl of a primate jacket. 
mim1dis.cctJon and immediately frozen on dry kc. ·i • I! • Histopathology. for neuropathologlcal sh1dies, monkey 2 was 

Hi°"hem.lcal Method.. Tissues were obtained for analysis of killed 2 months aftt'r the last dose of ~ M PTP. ·n1e brain w~ 
H\"A. 5-h)odrOl)iadoJeacetJc add (5-HlAA), l-methol)'--4•hy•· fixed in 15% formalin and tissue sections were stained with hf'• 
dro~}·pl,enyletbylene glycol (MHPC), and dopamine. Brain tis• matoxylin and eosin. 
me-Hmples were homogenized in 5 ml of 0.2% ascorbic ac!d/ 
0.01'ic EDTA solution (OntaJnfng (1H1)HVA at 100 ny/m. I, RESULTS 
l:H.)5-HlAA (Merck Sharp& Dohme}at lOOng/mJ, and l1H,J-' Behavioral Obsen·ations. The acute effects of l'\~1 PTP in-
~UiPG (8} at 50 ng/ml u Internal standards. After '-'Cntrifu., eluded abnormal movement5 a1>d alterations of motor beha\'ior 
5tation at 10,000 X g, 11D aliquot (2 ml) of lhe supematan(was. • and posh1re. These effects were first seen after two or tl,n·<-
elitracted twice with 7 ml of hexane and then used for the si• doses or NMYI'P (0.33 mg/kg) had b,·en admiriist<-rl"d at 2.i-hr 
inultaneous detennlnation of HVA and S-HlAA. The aqueous intervals. The abnonnalities became-more strikin~ after e.ich 
phase '-'"U acidified by addition oI 0.5 ml or~-M HC1 an~ ex• 51K'Ce5sive dose. Thtt)' occurrrd ,,ithin 5 min of <lru~ .idmin-
tr:ictt-d with 7 ml of et)n·J acetate. The trrgank· extract was e,•ap• • istration and, initialk lastt>d for 15-30 min, After a11 animal 
orated to dr)11ess and the' residu'~ -"~s redissolved •~ 1 ml of had rec:eivNI four or Ci\·c· doses, somt' of the o::utr motor t•IT<-c-ts 
edl\'l iu.'t'tate that had been dried v.;tb inhvdrous-Na1S04! 1, • persisted. • ' 

The ethyl acetate was eyaporfled under a ,tream or Na ~n~, The first motor signs lo appear, u,s,ually afler tht-third dose, 
the residue v.w dissolved in 150'pl or l :2 mh,ture of trilluo;o.· .; • • were Intermittent erf'lld closure, a de,'l't~ase ln SJ>Onl:Utl'OII~ 

ethanol and trifluoro~tlc ~d a~hy'dride (Pjerce) M~ li~•# ; ; , •• movements, including· Ion of foclal expre-5sion, and po~I ural 
at ;o•c fur IS min. Tbe mixture -'IS ~,·aporal~~ •~d the re~~u_e '· 1 tremor. Tht' animals w,•r~ awake, howe\'er, and respond,,d to 
was ,liswln·d in .200 J4 ~· lpn~to~~etlc ,~. anhydrid~: ~~:,;iii l~d. noises h)• opening rl1eir eyes, looking at the ex:imint.<r aud 
hL•llh•d al 70"C for 60 ~ .. :Mter ~~apor•~i~•-!~e res_,dut,)r~ ;'i ;,, , nw:mg \\TU thrratt>nlu~ movements. Tlte tremor \\'il.S inlN­

takl·U up into50pl~ .. ~r!~~r~~i'!.~t-~e~:~r~r~4--~)•,ga.!,):j·1:"i "'~~•~ntlr pres~nt, moderate!" ampliiude, and'slow in f11•­
dmm,atogr.&phr/masl' .R~~:"H~~C:Wi '.usf~g •~. 1f~nl~ -.~YP, il-~l, q~~~.cy, and in~•olved the pro.~amal muscles of the exlr~mitit"s. 
quadrupole man spectrom~er.1lr,f ~ ~ .. mon!~~~ 

1
~~!1f~1 \!::· ~ postural tremor of the head or jaw was observed in ~onw au• 

at mah•t~harge n~ m/, ~ and-365 foi; r.~~og,~puf~~lf :·
1
r.::I f~al1: ~e~e acute molur effects lasted up to 30 min. 

dcult"tatrd HVA ud-at •~~◄fl for en~og,~ous ~~ r,~~;Jl ·.i ;_ • : Molor signs that appeared only after four or five doses in­
lc-rated 5-HlAA, reipective))', 'P!t·~ help)'~~~p ~r~ 1~~~}1J!.~1 clu~ed ab~nnal facial mo\·ements and changes in posture-, 
lt'nnined and the amou.nts of -~l1~01e,no~~ JQ.'Ni' ~;f._J:!J?t;~i-rii' :: ~use\~ tone'. •~~ ck1lutitioJ?, -~\\ilchfn~ of the fadal !'"1sc-~t'• 
l'c'Tf (·3Jrubtt-d br In,·~~ ,1nr~fr.r.~ssmm.}p,fil~' J~iM: )t~;I)· l~!, :~ !1ll.p~ fi\lC'lal ~!"•·~"1:l~ :': ,, yr:1.;1•1• _!:1 1·f1•:I! • ~t", !!. 1:• .. •:'. I:.· -
,,; .• i:,l (.'i;r,t,. Pc:al heights Wt'tt" (.'Offi.'Ch.-d for.le: tan el ID \j • .i:' :,•!, 1~ i .1r:im-1k [',lt'll$1CIIV•t ti,,- :,r..id, npdm of th i.:ppt·• ,1·,.l ! .,. '. 

•, •'fd i•,.,.,,--r.b 1,1;; .. ~,:•1i•!rt, ... •·~•~··11l,1' ! ,, ,. J,. ·• . 
.. :,:: ! . .;:ur.J :ihundimtt' 0 C\Jtr.nu.m• r, UtW~• u1e:p O !.11 r ii!) '~·~~(',"Jnllh't :-monsir'J~\·0 :;;: f,J.hl\ t r ,1,lj!,·-u1-motlvl1 h·•:11, .. 

J1:11den ct. aL (9).' Sc~'n'.\,i;s '.~:¥ ;ouf '."'~'a'. ,~J .> 1 J : U :;•~~f. ~t\st~ined turning to ont side wer~ ul>ser\'ed in ~uml· of tlac 
, mm inside ~er glass co~u1aj1 pai:Jcecl .. , . ,. ~th~~ 9V17!.~P. l~£it,,lj~~. •l1~'f'als~ Some animals atso ~•d dimcu!ty swallowing. as evi-

120 mesh Gas Chrom Q (Ap~~ ~~~ St~~f ~llege, r,~~f ;-!\::0:1 ,_d~~ced by drooling and lhe accumu)ahon of food biscuit, in 
The column was main~u~ ~ 15:S°C ~ ~Vft ~~~ ~~ fo(~k:lpl!-J • tliel,r mou~h pouches,, Rotatory movemen~s· of the e)'es were 
HIAA, "itJ1 retention !Imes r/ 1-:--J,S.~n. 4-~~~

1
~_qu~t (~;;:!!ll~ obs~rved an some animal,. : 

ml) uf the iuP':"alant v.'IS·usea fo,the ~~~~n cl·,1'p~~Ji 'i!-~ . '~n aU of _tho !nfm~s eyelid closure, decreued sponlaneous 
l>r·• modification of the ,ne~o'd ~r <;:onion ,t ~~: (19)1~ 1'1 ~l-l:~,,1!,ll:1 'j motor actMty, rigidity. poJturaJ tremor, tnd difficultr swal-

nae cont-entrations of dopam~c ~~ HVA In·~~ ~rain tf~!}•~i: ( ~' lowing persisted after a cumulative dose of about 1.7 mg/kg 
samp)esobtainedbythep~ch~~nfqueof P~~vfu(ll)'f¥~l{l'l·1.i h~ been reached. Abnormal facial movaments, head exten­
d,•tf'rmined b,· HP~ with electr~emkal detec;tfon 02) ~al':!~-, sion, • and rotatory eyt: hlt)\'em~nts, however, were ol»crved 
iudt-xed lo the protem t'Ontent deter:r,ru.ned b)• tht: ~wry me~;,. ','.,'.· only during tlac 30 p,ln lmmt'diatf'h• aftl'r drug administration. 
'JJ. for liistuOuorest'C'ntt ~ud~~ the brain~· i,nc,l~i.ng_ •~r,.f 11\' ~ .Uter the 5-day pe-rlod of drug administration, other Sijtn, of 

. ; . ' • t : \ I 'I • I ,,:j. 

, , I 1-:.·.;·· 
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.,. ·,, • .,, •• ,'., ·,,.,. , t•·1:'\ "'" r. "·-.'!'t·f' ••11 ••,;•t(~?\"t':' i'r 11~:ll'1ft!~•)J~ft-li:i:!'\f p'~ ',''tf'if1::S.'·1 d's" j ·cJSA 60 ( l~93J .,e-urub111lo)IYi ~u~~ el ~ . ~ . . .. I: ,·., :;: ,. ,'.: . •'. :1; •• , • :· ,, • oc.., a • . ca •. c . 
• 1 .. I di. 1; : :· • ; • . .' 1:. '. •• I ·.. . ~ t. . ; ~ . ' ,' ; . . .. 1, ; ~ , { ' • 

.. 

j < ; .. 

1 

~,' -, I • • motor lmpairmcrii appc~red. TI1csc iucludt:d general slownc~~ 
, / of movement, a flexed posture, lou or h,111d dcxti-ril>. and 

1 
"freezing" episodes. The animals remained s,·akd, "ilh 111:u ki·tl 

; • fle1lon of the neck, thoracic spine, and upper and lnwi.:r L'~· 

' trcmllies (Fig. J Upptr). There was rvidc111 diffic·uh} i,, pi,~­
Ing up food biscuits, \lo'liich were subm1uc111lr droppt·tl whil1· 
being C:lrricd to the: animal's mouth. Episodt·s of "frc1·'li111( or 
stOJlping In tl1t midJlc or il motion W<:rt: ohM•r\'L'" in Mlllll' ;11,, 

imnls. -Kintsle pllradoule" (17) ·w:1s apparent in sume a1111uuh. 
whl't1 a bbc-11lt was thrown inlo the hnllom flf tht-1·:11!•· :!w :m­
im.Js initiall~· mo\'t'd with nunnal ~pt:ed to rt"tnt'\t- lht' trn,u 1t1a 

d1t."n tht'ir moH~mi-nts ht>l·:unt-slow ~J?ain. ~l:,tCJr fonl i:1)11 dl'!­
iclts a11peared to iqLTeilSe during tlte i~itia.12-week pcnuu .aht:r 
the last dose of the drug. Treatment "ith L-<lupa w-.ts cffN·tive 
in correcting the motor deficits. During the period 30 min to 
3 hr :after the oral administration of Sinem,·t, mntnr adi\·11\· 

returned to normal or became abnormallr hi~), (Fi~s. l UJLLw 
and 2). 

Neurod1tmical Clu111ge1. Tlie cl1an~c.-s in tlil.' c·o11~·t-:1lr.11h>;, • 
of HVA, ~IHPC, and 5-HIAA in ventricular CS F durnn! 11111i• 
tip)e dose administration were similar in tl1c twu animals stud­
ied, although the initial (0. )5 nnd 0.30 mg/k,~l aud lul:1) 19.9 ,1111! 

17.1 mg) doses differed (Fig. 3). After 111l' period of dru~ 
administration (al 6 and 8 days), the a.mcenlratious of H\'A. 
MHPC, and 5-HIA had fallen to an average of 37%, 38%, aud 
60~ of 1hr hase Jine value, re$peclivtly. The gn::ilt:st dccr't:a~t' 
in lht CSf L'Onccntrations of HVA and ~1HPG rx:currcd during 
the first day, when the levels fell rapidly to an average of 61 ~ 
and 52%, respeeli\·ely, of the base line \·alues. The L'Onc-entra­
tion or 5-HIAA decreased gradually duri11g multiple closr. 
administration. 

The le\'els or H\'A, ~IHPG. and 5-HIAA iu ":irious brain 
regions were generilll>' reduced at J to 5 days afkr Ilic .id11111,• 
istration of fkt> doses of N~IPTP totaling 11 rni; (Fig.~). TII(' 
levels of H\'A were u11iforn1lv decreased to au a,·crar,· of 37'~ 
of the control valut•s; till• mi,lhr:ii11. 1iut.1111c11. a111l l'JuJati- 1,u· 
cleus contained 36~, 32ll. and 31 % of control 11 \ ."-. L"011t·t· 11-

t111tions, resp1:ctivcly. ~IHPG ltvcl$ wcrl' Jccm,1wd 111 :ill hr.1111 
regions examined to an D.\'eragt• of 3.3'l of thl.' <:011tr11I ,·alut:~ 
except in tlie frontal cortex. Le\'l•ls of 5-HI.V. were :tl~u cl,,. 
cr~ased iu the midhrain, pulamcu, and L:auclak 1111d1:m, a:, wdl 

flt.. 1. I Up~rl rte1L-d poslur1t associatt'd with akineaia e&hiblwd 
b~· N~,ll'TP-trellt..-.i .rnonkey 2 16 hr after last doae of l.·dopa. (LoWt'rt 
!·:1-,·.-r~.,1 of :1hnorm11I po~turt and akinri;ia 1.5 hr after treatment with 
.,r 1: ~:•.l'l:li.>t t lllO mi nf L•dora and JO mg or carbidt1pa1 lo monkey 2. 
;·, • • r ,. ~r.1in wa~ :akfn 1? hr .aftc-r that 1h~\\'1l in L,'p,wr. 

Fm. 2. Number of movements pe.-30 min recorded f~r a 24-hr pe· 
riod by an acceleration-sensitive activity monitor placed an the pock el 
of a primate jacket. Motor ac:th·ity level at f-;~f PTP-trrated monkey 'l 
"'hile ri:teiving L-dopa IUp,'>frl tomp11rtd with thnt of a Mrrr,al mllll' 
monkey cl..ou-,rt. Sine-met ( 100 mg of t-dopa 11nd 10 mi: or tarL1d1,pJ, 
wu administered orally at times indicated 1D1• 
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10 232 
75 

92 
31 

104 
13 

32 
10 

All 1111imals received five doses oU.2 tnf of N~IPTP ir1tru·enously 
at 2.J-hr Intervals. • 
• Daya afw co~pletion of eou11,e of treatment with NMPTP. 

' . . 

fn the putamen (from 1.-l lo 0.3) and the caud.tte nudeus (from 
0.8 to 0.2). • 

In one animal studied at 2i da)'S after the 5-<lay course of 
drug admlnhlratlon, the dopamine le\·els of the putamen and 
caudate nucleus were less th11.n 10% of the control \'aJues (Ta.hie 
1). The H\'A-to-dopnmfne r:Uio ""-as int·reased in the put3mcn 
(from 1.4 lo 7.61 and the 01udate nucleus ifrom 0.8 to 5.-ll at 2i 
days. ' 

. ,,. -. " 
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' •. ,, _,;on~, .P.r~l!l ti1,1,~~,,, .• ,.,~~!J~:' ..'fto,,~.efft: r. ,J'l;),',~l''l~l.fll~r, '111Tl:!5J':O~~l!!il~'at~~i\~apdhUOl llll' rat hrai11'. 
~.,1,:1t::,~lflClll,lf'"!l!rti::!'l'l'f'll 11um1:·H"'P'l'<i rfl'l'""""~lf(f:f'f!f' [""''j"r •• '(' " • ' 

~,udies wer~ earned q~tli' ~~el: ::,_y! ,~1!11~ ~n~ tr•~ 11:': if! Jf,~1~1~ .l~ chr~n.tci f· --' }~gener,.~lon and ultimatelr to sev~re 
.,nals lallcd 1 day and 27 da)'.I ~r•~r l~t ·.;i-ila,·lf'C?~'~f. pr,~r'l.~ :ft:} ~e~~ ce:11 loss ~nd ~ .. ,.t~ed r~uclion In the dopamine ronlc:111 

• .:idminist~tion. All of th~ flu~r,~nt ~II boch~s n'?nnall)•,o~i,:.J:j ; of tl1e slriatum. D_opamine ~ermi?als in tlic nucleus accumbe,b 
scr,·ed In the 1ubsbntJa nlgra ~ disappe:ared, ~ ~a)·, ~f1er l

1
he1_1_,,i . and _oUilctory tubcrcule ~r1gln~tmg from ot~er dopaminerttk· 

t'OUfie of treatment. Howeve_r; ~ ,27 days appr~~n~tel)' hf~:;'. 1 : 11c,l\!l)IIS In _the ventral m1dbraln (<.'01Te~po~d1ng to area AlO of 
of the normal number of.~U• ~ere presenl .• ,~ lh1s ln~e sw~h, .• . • • tin, ~It br.un) appear normal on exam ma lion by Mstonuores­
lt'n, dblorted. 1nte~ely fl~ore~nt ~o~min~nt:u11lng !1-'~;jt/ /'. c:~ncc metl~ods. Cl.early, th~se two dopaminergic neuronal sys­
nns were seen iii the area lmm~iately above! the zon:& l'Ompac~ ; • :~ • terns are d11J'erent1ally sensitive to the neurotolin. 
_.f the 1ubstantia JU~. ~~"!~len. a:\;ons \\'L'f«" alto i s~n f~ l (h('-, '.: J Altlnough diminished h!og~nic: amine release was c,·id.cnt In 
\ d1rrJl pan or the lDtemal ~psule. tht h.u.J portion~, tht ~,~··; I • ' thi-1m.ver~J le,eJs of m .. ,. ~HU..-\. :uad ~IHPC in tlw \'1.'U• 
!ius pJ!UJus. :&nd t~ adjacc~qru:d~ part nf ~e put~111e~·.1l•~~-,.I'. • tricular CSF nne day ,frer the first dose of KMPTP. tht-mon­
diangei ~·ne pre$ent at 1 cia}•, but ~·ere IQUL'h n1ore • stnlm~g . 1· ·. k~~-s f.ijJed to e.daib~t motor abnonna!itles 11.ntil Se\ t•r .J J,>)l'S. of 
in the animal killed 27 day1 arter drug administration, .The ~11-: • • the driug had been administered. 11,is is ronsislent with data 
deus ac:cumbe11s, olfactory tu~~le. l'1C\ls ceruleus. and ~~ i showfi1g that considerable reduction of dopamine :znJ il.s me­
wntricular llnd other h~-potJiwmic nuc:lel of both drug7tre~ed , J • tabolit,r:s ~a~· occur wlth~ut lhe development of dinkal evi• 
.111im:1ls (killed ilt 1 diy or !7 ~~y~ after N~IPT!1) appear~ no~~ l drntt of d15ordcr~d.fun;tion, p~sum~bly because of ;aJl!qu.1t1: 
mal. . ,,, . 0,: ·/ • • • : • : I I/ 'r, . - ~1111~11satory achnty m the sun·lv1ng neurons. Enhant1•d 

H~toe1uthological Change,. St\·erc ner,·e cell loss In the pm /: . turnover of dopamine in t~ residual .neurons presumaLI~· is 
t"Ompacta of lhe liubstantia nigra of ino~kcy ! tkilled ~ annntlas . • r~Oect1r:d by the revenal of the H\'A-to-dopamine ratios !?i da~·, 
after N~iPTP tr~atment) was found on light mlc,oscow. less • :ifter dlrug administration. 
than l~ of the nonnaJ cell popul~tiou was present {Fig. ~). In , Aging results in a diminution In viable neurons, induclin<t 
the ttriatum, no loss or degeneration of nen•e cells or rc-acti,·e those of the dopmmiuergic: systems. It has been 1u~esll.'d 1ha1 
g)iaJ cell changes were 5eea. , .i 1 

• : the agie-related cl,anges in dopaminerglc systems could be illl 
• • ' ·' 1 • • 1 •• eliologjcal factodn the development of idiopathic parldnsonism 

DISCUSSION • , or depression, the Incidence of which increase wilh age t 181. 
X~IPTP-induced parkinsonfsm In man and idiopathic parki_··n• ! Thcr~ Is a possibility, therefore, that humans who are ex1>9sed 

d _, 1. d to dol4e5 of NMPTP that produce permanent but subdinical 
so11im1 exhibit the 54me inlc.u $lt,'llS (ai.inesia. rigf Uy. reSUrJg damagie to the nlgrostrfatal system may be susceptible tu the 
tremor, Oexed posture), and theie siwis are reversed by L'4opa 1 · develo_pment of parkinsonlsm at an unusually early a!(c, 
or bromocriptine. The loss of pigmented ner\'C cells in tbe sub, 1 We have shown that N~1PTP 15 the neuroto:<ic aitent rc:-
st.intia nigra nnd the low levels of HVA in lumbar CSF 

1
c:or• 

respond to the nu,jur palhological and biochemicaJ changes!fuund S(IOnsible for drug-induced parkinsonism In hum:m, hy rc:pro-
in idiofiathic n..-ir_kinsonlsm (1, 2, ).l. . : •. . ducing the neurological syndrome and pathologic;il chan~t'S in 

r- the rhc:sus monkey. A toxin causing a syndrome in animals sim-
ln .tie prc:5c:nt study we have' sbo~'fl that a sirnilM" neuro,.t liar to iidiopathic parkinsoni!im had not bt:tn demonstr:ilcd pre• 

lo!tical disorder can be produced In 'the rhesm monkey. _Aki•· k ed 
n;sia. rigidity, a flexed posror·,; and a postural tremor th.at t;1n "iouslt, to our ·now! ge. 

be rc:vlened by the addminlstrat( Ni~nt!!w!'·dThopa ~c e~idden~ dllftber' 1. Forno. L. S. (l9/f21 In ,\locrmenl Disorders, eds. ~land~n. C. D 
severa intrav,nous oses o ~ '" ....... e ·s,gns m uce . 'I A f'ahn. S. (Bullerworth Scientific, London), pp. :2.,--ttl. 
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i.l,ose produce<! Jn mAn (Table 2). • •. • ;... ! . ; 1 : ·i. ; • - C:, D. & F ahn, S. (Butterworth Sdenti£ic, Londunl. pp . .&l-5/i. 
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Paraquat and Parkinson's disease 

To the Editor: Paraquat is structurally similar to the active metabo­
lite of MPTP (1-methyl-4-phenylpyridinium or MPP+) and could be 
an environmental toxin that causes parkinsonism.1 Koller2 offered 
cogent reasons why paraquat is unlikely to play a role in the etiology of 
Parkinson's disease: eg, paraquat is a charged molecule unlikely to 
penetrate the blood-brain barrier, and paraquat is not metabolized by 
hepatic enzymes to a species more likely to gain access to the brain. 
However, paraquat can be reduced outside the body with strong reduc­
ing agents. Reduction of paraquat results in an uncharged and more 
lipophilic molecule that, like MPTP, can penetrate the blood-brain 
barrier. One such reducing agent is sodium borohydrate, which is used 
by forensic chemists to measure paraquat levels in body fluids.3 
Furthermore, other more common strong reducing agents, such as 
ascorbic acid, might transform paraquat into such a compound. Com­
parison of the published redox potentials of ascorbic acid ( +0.127 Vat 
pH 5.0) and paraquat ( -0.446 Vat pH 7.0) indicates that ascorbic acid 
is a strong enough reducing agent to convert paraquat into a more 
lipophilic compound. 4 Furthermore, large enough doses of paraquat do • 
cause cerebral damage, although those patients are unlikely to survive. 5 

Koller states there are no reports from animal or human studies of 
paraquat-induced parkinsonism. We have examined a 32-year-old 
citrus farmer who worked with paraquat for 15 years. Several years 
ago, he developed clumsiness, stiffness, and intermittent tremor of the 
left arm that were comparable with Parkinson's disease. Wilson's 
disease, designer drug abuse, and other causes of extrapyramidal 
syndromes were excluded. The disorder responded well to Sinemet 
therapy and worsened when the medication was discontinued. There 
was no family history of any neurologic disorder. 

Although an epidemiologic study of workers using paraquat failed 
to reveal cases of parkinsonism, 6 the study was done before the de­
scription of MPTP-induced parkinsonism, and neurologic complica­
tions associated with paraquat were not particularly sought. As Dr. 
Koller notes, there are no animal models of paraquat-induced parkin­
sonism, but one should be reminded that MPTP also failed to produce 
parkinsonism in some species. Absence of reports of paraquat-in- • 
duced parkinsonism in animals should not dissuade the investigator 
from further search. We are presently studying whether paraquat 
selectively destroys dopamine neurons in culture. 

We agree with Dr. Koller that at the moment there is no evidence 
that paraquat causes Parkinson's disease, but contrary to Dr. Koller, 
we are not yet ready to dismiss the possibility that it may produce 
damage to dopaminergic neurons in certain exposed individuals. 

Juan R. Sanchez-Ramos, PhD, MD 
Franz Hefti, PhD 

William J. Weiner, MD 
Miami.FL 

Reply from the Author: Sanchez-Ramos etal raise several interest• 
ing points. A cyclic single electron reduction of paraquat seems to be 
essential for the toxic effects in the lungs (figure). 7 The single electron 
reduction leads to a blue-colored free radical. However, anaerobic 
conditions are necessary to prevent the immediate reoxidation of the 
radical to the parent compound.8 The redox cycling of paraquat is 
instantaneous. Biologic systems are capable of catalyzing the cyclic 
reduction/oxidation of paraquat. It is not necessary to postulate the 
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presence of ascorbic acid. The redox cycling of paraquat is important 
for the generation of "activated oxygen" and the depletion of cellular 
reducing equivalents (eg, NADPH). Active oxygen species are damag­
ing to tissue. Normal cellular defense mechanisms attempt to both 
isolate and enzymatically inactivate the oxygen radicals.9 A single 
electron reduction of paraquat still leaves the molecule with a charge, 
and entry into the brain is hindered. •.: 

There is no convincing evidence that paraquat has cerebral toxic­
ity. Dr. Sanchez-Ramos refers to a report of Grant et al5 of cerebral 
damage in paraquat poisoning. However, the nervous system changes 
were probably related to treatment or secondary to systemic organ 
failure. Minimal neuronal degeneration was thought by the authors to 
be an artifact. 5 In the case of a 32-year-old man who was exposed to 
paraquat and had parkinsonism, a cause-and-effect relationship is 
difficult to establish. There have been no other reports of possible 
paraquat-induced parkinsonism, despite widespread use of the chemi­
cal and the general knowledge of MPTP-induced parkinsonism in the 
medical community. 

Current information suggests no role for paraquat in Parkinson's 
disease, but the discovery of dste to the contrary would of course call 
for a reevaluation of this position. 

William C. Koller, MD, PhD 
Chiqo,IL 
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Hyperuricemia in type V glycogenosis 

To the Editor: Kono et al1 described exercise-induced increase of 
uric acid content in patients with phosphofructokinase deficiency. 
We have found similar manifestations in a patient with late-onset 
phosphorylase deficiency, which has been reported in six other 
cases.2-6 

For 6 years, a 49-year-old man had exercise-induced muscle pain 
and muscle-swelling. The cramps were regularly associated with pig­
menturia, followed within 24 to 36 hours by painful arthropathy of the 
right midtersal joint. Some of these episodes were associated with 
high serum uric acid levels. Before the onset of symptoms, he had been 
a tennis and rugby player and had served in the army. 

On examination, there was proximal muscle wasting of the arms 
and legs, with preservation of reflexes. A brisk walk of 200 yards was 
sufficient to induce myalgia and local muscle swelling. 

Resting CK was211 IU/1 (normal, <70),aldolase 16IU/l (normal, 
<8), AST 44 IU/1 (normal, <40), ALT 21 IU/1 (normal, <35), and 
7-GT 45 IU/1 (normal, <50). Serum uric acid (resting) was 513 
mmol/1 (normal, <420), fasting triglycerides 3.4 mmol/1 (normal, 
<1.9), and cholesterol 7 mmol/1 (normal, 3.4 to 6.6). 

In an ischemic work test, 6 there was no rise in venous lactate. 
Muscle biopsy showed selective type II atrophy, complete absence of 
phosphorylase activity, and preservation of vascular phosphorylase 
activity on histochemical stein. Myophosphorylase deficiency was 
confirmed biochemically. 7 Ultrastructural examination demon­
strated intermyofibrillary glycogen accumulation. 

Hyperuricemia and acute gout have not been described previously 
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