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degenermofioun i)y 6-iiydroxydoopamine on, catecluoolamino’-stimulmofed adenosine 3’ ,5’-

monophuosphate foormation in rat cerebral cortex. Mol. Pliarinacol. 9, 619-4329 (1973).

Intraventricular ifljt’(tiOfl uf (V-luydrooxydopanuine ieadis too f�vo types ouf alterations in the

effect (of norepinephrine on the cyclic 3’ ,5’-AMP content of slices out rat co’ro’bral ooortex

an early-developing, presynaptic effect aiud a late-devehcoping, postsyniapfic effect. TIn’ o’arly

effect is attributed too the dlesfrucfion of adrenergic no’rve terminals by 6-hiydroxydopamitue

and the resultant loss ouf presynaptic catechuolanuino’ uptake sites. This counclusion is based

1)Ii tlureo’ primary tubservafituius : (a) flue pof(’nfiationl ouf the effect ouf a threshold concenitra-

ticuii ouf norepinephuriure (1 put) h)V 6-huydroxydopamino’ followo’d appruximately flue samo’ time

course as the ioss ouf ability of the slices to accumuiato’ [iH]nurepiuiephirine; (b) cocaine, which

inuhibifs t lie presynaptic accumulation of [3H]norepiuuc’phirinue, potentiated flue effects uf low

concentrations cf niourepinephrine in slices froom coontrool rats but did nout alto’r fluo’ effect of

nourepinephirine imi slices froom (i-hydroxydhupamino’-freated animals; (c) thut’ EC50 for nuor-

epinephrinue was reduced from 5.2 to 1.7 put by treatnuent with 6-hydrooxydopaniinie, bout

flue EC�0 for isooproferenoul (which is not accumulated presynaptio’ally) was not altered.

Also, cocainie did not potenitiate flit’ incrc’ase in cyclic AMP conteuit iniduced by iscoproterenuol

in slices from court rool aninuals. The increase in flit’ effect (of high conicenf rat ions (30 put) of

norepinephurinie did not occur until 96 hr after treat mcnf of flue rats with 6-huydroxydoupaniitit’.

This hat e-do’veloping inucreaso’ in responsiveniess would appear to) l)(’ a post synaptic phientunue-

non, since it occurs during a time spaiu (72-96 hur) when there is too further chuanigo’ in iti-

hihif ion uf flue uptake oof [3H]muorepinephrin,e. Furtliermo ore, there is ani increast’ in rt’spoun-

siveness f to isoprof(’reluo)l mis well as to niord’pinephurine. Adenosinie muistu causes miii itinrt’mise

in the cyclic AMP noonfenuf of rat tort cx slices, but ifs effects mire not altero’d by prioor tro’af-

ment wit Ii 6-huvdroxydopaminue.

INT1IODUCTION beta receptors) to cause auu increase in t he

In slices of rat cerebral cortex catechuol- cellular conutenut of adenosine 3’ ,5’-monuo-

amines can interact with two diffo’rent f��Ix’s phicusphate (1). Adeiuosuue can also elevate

of adrenergic receptors (similar to alp/ia and 11w cAMP2 (ontent of rat co’rebral cortex,

This investigatioomu was supported in part by Award 6K4 CA 70466 froiuuu thue Nmotiom,mil Cancer
Grants NM 09051 and NM 10’233 froom the U,uited Institute.

States Public Health Service. 2 The ahbreviatioomu used is: cAMP, midenosimue
Ho’cipient oif Research Cmoreer I )evelopmiuo’nut (cyclic) 3’ ,5’-nuoonophioosphate.
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atid when slices miro’ in(ub)afo’d in flue preso’nico’

(Of booth mido’iuosinit’ auud cato’cholamiuies a

gro’afo’r than additive respouiuso’ is oubso’rvo’d

(2).

‘flue roolo’ t)f c�?o1P in the fuiicfioui of thuo’

l)imiiiu is iiout clo’ar, but there is (‘vidento’ fluat

cafo’chioulamirio’s can alfo’r the c’lo’cfrical 1)1001)-

o’rfio’s ouf both I)o’ril)hieral (3) mind cc’uufral

nuo’rvooilssvsf em (4) Iuo’uro)ns by a m(’dhuanism

inuvoulving au inu(ro’ase in their (‘AM P con-

to’nt. Thuo’ro’ is o’videnco’ that giial ((‘lls also

nuuav no unt mimi ado’nylaf o’ cyclaso’ systems flint

mono’ aotivafo’d by cat o’cholaminues (5-8). Thins

ohuamugo’s mu flit’ cAM P conuto’iif of braini

suet’s, (‘Iicift’d by cafechuoulamines, couuld bo’

the result of (haulgo’s in both uuo’uroouis minid

glia. Irro’spt’cfivo’ of the type oofco’hlinivoulvc’d,

it so’o’nis ro’asoouuable that fho’so’ co’lls shoould

lit’ in obooso’ prouximify f(u adro’nergic’ no’rve

o’ndings if chatugo’s mu cAMP (‘t)nfenut are to

1)0’ brt ought about by uieurcuphysio ologic’al

evo’uufs.

In order too o’xamino’ furfhut’r tlio’1)roupo’rties

oof flit’ cat echuoulamino’-so’nsif ivt’ adenvlatt’

cyclaso’ of rat (erebral (oorfo’x, flit’t’ffeo’fsouf

ago’nufs which alt or flit’ fuuucfioon oof adreuiergic

uio’uroons or ro’ct’pfours humivo’ beo’n studied to)

do’fo’rnuino’ who’fhuo’r sj)o’oiflc alt o’ratioonusmit flue

levo’l ouf modo’niylatt’ cyclmiso’ eatu be definied.

6-Hyolro uxydupamine causes a rat lio’rspecific

do’struo’t io out of adro’nuergic tiervo’ terminals

mouth a ro’sultanf supo’rso’uufitivifv oof adreno’r-

giomolly innt’rvaft’d tissue to) o’xogo’nouus

nut oro’pino’pliriuie (so’t’ ro’f. 9). Adn’o’nergic no’rve

so’otiouui alsoo results itt stnperso’uusifivify of fhuo’

ititit’rvmito’(l ourgan too o’xougo’iioous oaf o’(huool-

amiiuo’s (10, 11). Wo’iss (12) ohso’rvt’d anu in-

cro’miso’d ro’spoutiso’ of adt’tiylate cyclaso’ too

(at t’chioulamint’s mu hioomoogo’nafes ouf rat pnueal

glands foollowing moblafion ouf flue supo’rior

cervical gauuglioni. Therc’ hmive beenu fwu brief

reports (13, 14) iuudioating that in brain

shico’s pro’pmtred fro om 6-huvdrooxydopa mimic-

tIt’aft’di rmits ci�,.i\ IP bo’vo’ls shouw o’nhamuced re-

spounsivt’ness too o’xogeuuouus uiouro’pitut’phirinio’.

Thuo’se oubso’rvatiouus itudicato’ that do’strucfiun

of midreiio’rgic nuo’rv(’s canu alter the propo’rtio’s

tuf mtdt’uuylate cyolase arid suggo’sf flint such

climinugo’s might 1)0’ ro’lafo’d too flit’ superso’nusi-

tivify phuo’uioumenoun. We ro’poort hero’ further

c’vido’uuco’itu sup�)(orf of this suggo’sfioon.

METHOD5 ANt) MATERIALS

A diii in istration of ()-// /J(lrO.iy(/O/KA1FF inc.

i#{176}olal(’Sprague-1)awley rats (200-220 g) were

miruesfhuo’fized with 0.4 nil of mi 1 : 10 dihu.ntiouiu ouf

fo’ntanv 1-dropo’ridol ( I nnovm-or-Vef ) inj oct o’o!

subcutaneously . A 1)00i�0�fhi�l0’ti0’ cauuiuula �

placo’d into) flit’ latermol venfricbo’ accoording too

the mo’fhuoid of do’ Balbian Vo’rsfer et al. (15).

Erich anuimal ro’o’eived 0. 1 ml ouf a po’nicillin (�

solutiooiu (500,000 umuits/mI) as proophylaxis

against 1)acferial inufo’cfioin. Two’nfy-four

hours mtfto’r tho’ surgery, when the rats had

c omplet ely ret tuvc’red from flit’ aiuesf liesia,

they rect’ivc’d an irufraventricular iuuj ect icon

of 250 pg ouf 6-hydroxydopaminue (fro’t’base)

in 20 pl ouf miii artificial ct’ro’brospiuual fluid

do’scribo’d by Merlis (16) confainuiiig ascorbic

acid (1 mg/mI). A secouud injection was given

24 hr lmito’r. In somo’ o’xperimt’nfs (as uuooted)

the dost’ (of 6-hydroxydopamine was ro’-

duced too 2 X 100 pg our 2 X 50 pg. Animals

which so’rvedl as count rools reco’ived twou inj cc-

tions ouf ascorbic acid iii Merhis’ solution.

Measurement of aecu in ulation of [t4Cj -

cAMP. Animals were killed liv decapifafiton

96 hr aft o’r tho’ first inujecfioon ouf 6-hydroxy-

doopaniiuuc’ unlo’ss outherwise i nolicat o’d. The

cerebral corfo’x was dissected! and slico’d with

a ‘slcllwmuin tissue chuoupper into) st’ofions

0.26 X 0.26 X 1.0 mm thick.

Accumulatiounu tuf [t4CIcAM P was do’ter-

mined according too flit’ prouot’duro’ of Shimizu

ci al. (18) with minor modifications. This

met hod inuvo)ivo’s a 60-mini incubation tuf flue

tissue wit Ii [‘4Cjadenine, during whuichu time

[‘4Ciadeniuue is converted ivithunu the shico’s to

[‘4CJATP. The fissut’ is tiio’ui washed auud in-

cubated four miii moddifioonal 30 miii with flit’ o’x-

po’rimenfal drugs. Tht’ c’ounvc’rsiouu fo [‘�CJ-
cAMP is do’fo’rmined liv isolatiounu of cAi\IP

and ATP fNom 5 trichulouracetic acid t’x-

tracts ouf flit’ slico’s with tluo’ use ouf Dowo’x 50

cat itun exchange t’toiumn churumatography

auud Whuatman ETS1 auuion o’xcliange paper

churoomat ougraphiy. Results are o’xpresso’d as

po’rc’o’iuf age of oounvo’rsioon to [‘4C]cAI\ I P. Suo’hi

valuo’s ro’presenut (tpm o)f cA?oIP X 100)/

(cpm cuf ATP -f- cAii\IP), mulu o’xpressitni

wiuith nourrnalizes flue data four variaticunus in

tlue do’grt’o’ oof lmibehing ouf cellular ATP. In

order to justify flue use ouf this assay joro-

co’dure, we carrio’d tout o’xteiusive prelimiuuary
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expo ‘rimenfs who’ro’ini oomparison 0 of flit’ 10’-

suhfs from flit’ assay ouf Shimizu ci al. (17)

w�as made with rc’sulfs froom flit’ niemtsuro’mo’nt

of cAl”sIP 1y flue isofopo’ dilution-buuudinug

assay oif Gilman (18). Bof hi assays �e po’r-

fornued onu the sanue samplo’s. Fr(um such a

comparison (alscu see ref. 1) if was to uuucluded

that o’ifhuer met hod providt’s o’ssemuf imully t ho’

samo’ measuro’ of chiauuges in cAMP o’oumufo’nuf.

The [t4C]cAi\IP assay tuf Shuimizu ci al was

used because in tour Iabtoratturv if was moore

reprouducible than direct measuro’mo’nf ouf

cAMP.

Enzyme assa/js. Adenylate cyclaso’ moot ivify

was deto’rnuino’d by a mtodifioatiounu (19) ouf tho’

rn(’fhuood ouf Krishunua ci al (20). Phtusphioodio’s-

fo’rase activity was measur(’d by flue mo’t hood

of (J’Do’a ci al (21).

(‘ptake of f#{176}Hjnorepinep/o rine. Thit’ upt mikt’

of �#{176}IHIjntrepinephrinue by slices (cluouppo’d

tissuo’) ouf co’rt’bral c’ourfo’x in fro’ated minudi ctuui-

trtul mimuinimuls was do’fermino’d by mo’fluods

pro’viously desnribo’d (22).
Materials. 6-Hydro uxydopamimue huydro-

broomide was purchased from lRo’gis Chemical

Coumpany. 1- Norepiniephrinue (/-bit art rate amid

(Il-iso uproot o’renoul huydrochlorido’ were ob-

faino’d from Sigma Chemical Coumpauuy.

Ado’nousiuuo’ wmus purchaso’d from Calbiouo’huem.

[8-#{176}HjAdo’noisinue 3’ ,5’-monophiosphuato’ (14.3

Ci/mmole), [S-’4C]adeiuimio’ (58 mCi/nuniolo’),

amid [S-#{176}Hjadeniosine friphuosphafe (17 Ci/

mmolo’) were 1)urnhiaso’d from Sohwarz,/

1\ Iauiuu. Proprmunouloul hiydrochlouride amid

1)huenifoulmimilio’ mo’sylatt’ (Ro’gifinuo’) ��ero’ tub-
faitued froum Avo’rsf Lahoorafouries and Ciba,

respt’ct ively. W hat mmiii ETS 1 miniioon exnliauuge

papo’r aniol Ambo’rhfe SB-2 itouu exchianigo’

j)apt ‘F wo’re suppli(’d by Reevo’ Auugt’l.
In,uovar-Vo’t was oobfainio’d frooni Pit mani-

1\Itot ore; eaoh milliliter counitaiius 0.4 nug of

fo’ntanyl mind 20 mg of clroperidool wit Ii

1.8 uuug of met hylparabt’mu, 0.2 mg of proupyl-

parmil)emu, atid lmmntio micicl too adjust the pH too

3.1 ± 0.4.

RESULTS

All rats ro’ceivimug 500 pg of (i-huvdnoxy-

dopminiiiie in a sinugle infravo’ntrioular iiujo’o-

fioiu dio’d within 4 hr. The rats to)lo’rato’d this

footal amouunt tof drug if if was divido’d itufo

fwou injo’o’fiouns ouf 250 pg adniiuuisfo’ro’d 24 hr

mihlOiirf. I’ouur huouurs afto’r flit’ first inujo’cfioumi all

rats beoame tjuio’soo’mit amid woould ro’maimu

proomut’ whuo’ni lo’ft nudist urbed. lilt owt’vo’r, t hio’y

\��(q(, (fuift’ so’nisitive too auditory amid taofibo’

stimuli, to� which thue�’ reanto’d by jumping

vit)leluflv. Thuo’ treatment also caused loss of

tlI)petitt’, which resulted imu a 10-15 � oh’-

creast’ iii l)o)dv wo’ighut wifhiuu 24 hr. Injo’n-

f ituuis 0 of smahlo’r doses t of 6-hvdrooxvdopanuino’

caused ml snuallo’r ivt’ighuf loss althuooughi the

ro’ao’tiouns too so’uusoury stimuli wo’re still o’xmig-

gerated. Upton do’capifatioun, flit’ hodit’s tuf

treated animals immo’diato’ly joust musobo’ toone

amid did not exhibit the typical kiokimug ro’flo’x.

‘Fho�st� signs wert’ considt’red chiaracf erist io’ (if

effo’o’five fro’atmo’uut with 6-luydrouxvdoup-

amimue; thus fro’mifo’d minuimals flint did iiouf

demonst rat o’ these sv mpf tunis � uuouf uso ‘dl

in the study.

Expt’riment s wert’ pc’rft urmed too do’t o’rnuiui o’

whet hoT flit’ aooi,mulatitomu of (AM P o’hicito’d

by noorepimieplirine iii cortical sho’(’s wouuld be

modified by prelinuinary treatment o of flue

muuimais wit hi 6-huydroxydopamimie. The douso’-

respoonso’ ro’latioonship mind time couurso’ ouf flit’

effect of flue drug art’ showmu in Figs. 1 and 2.

Coneo’nfrafiounis ouf 1 put and 30 pM muorepi-

nephurinie wo’rt’ chuoosemi, sino’e flio’ formo’r is

nuear fluro’shiold and the latfo’r is maximally

effo’ctivo’ (so’o’ Fig. 4). From Fig. 1 it can bo’

st’o’n flint flue magnuifudo’ of the o’ffects ouf

hot hi conco’nt ratioumus oof muourt’j)imi(’j)hurimie in-

creaso’cI as thio’ doso’ of 6-hivdroxvdopamiuio’

was incro’aso’d. ()f particular interest was flit’

obso’rvafioumi (Fig. 2) flumof flit’ ohimomugo’ it,

t’fft’of mit flit’ twto oootineuutratioumis of tuourepi-

uit’phriiuo’ ft ohIouwo’d diffo’ro’nuf f imt’ ntuurst’s. Tho’

ro’sponsc’ too 1 pM norepino’phuriiuo’ was on-

luauined within 24 hr miffer tremutmo’nf withu

6-huydnuxydopmrmino’ (Fig. 3), auud by 48-72

hours it limit! rt’acho’d a plafo’miu. Itu o’oumitrast,

flit’ niagnifude ouf flit’ ro’sptonse too 30 pun nor-

epinephrimit’ ivmts mulmost idenitical iui fro’ato’ol

auud noomitroi mimuimmils U� too 72 hr. whiero’upouui

a 2-fold itioreaso’ in o’ffect t)ccurro’d wit huin flit’

next 24 hr in 6-liydroxydoupmimiuie-treato’dl

rats. The furthuo’r imucro’miso’ in flit’ ro’sponiso’ too

1.0 put uuooro’pimuo’phurinue whiio’li ouc’currt’ol ho’-

two’o’n 72 and 96 hr o’ouulol lit’ ro’lafed to) this

laft’-develoupiuug inunrease in respoouusiveness

obso’rved �vithi 30 pM uuorepi n(’phrint’.

Ingure 3 shows flit’ timo’ ocourso’ ouf flit’
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1.0 JIM NE

rFf�E
C 50100250 C 50100250

6-OHDA(pgm) 6-OHDA(pgm)

Fiom. 1. Efleot of norepiFoephriFoe (NE) (1.0 aFod

30 pM) OF? [‘4C]oAMP fornoatioFo. oo. slices (of cerebral

cortex from rats treated with increasing ilo.age. of

6-hydroxydopamine (6-OHDA)

Each value represents the muuemiuu � standard

error oof simugle determimuat ions on ftour treated rats
amid eight control (C) rats. Each doise was in-

jected two timuies, 24 hr apart, amud the rmits were

killed 96 hr after the first imjectionu.

effo’ct of two 250-pg dost’s tf 6-huydrtoxv-
dopamimue ton the accumulafkomu of [#{176}Hjntr-

epinephriiue in chopped cerebral ct)rf cx. The
inhibit iomi produced by 6-hiydroxydopamine

(54%) was nearly maximal liv 72 hr and re-

maimied essemitially unchuauuged through 96 hr.

For comparison, flie 6-huydroxydopamine-in-

duced change in po’rcentage couuversicumi to

[‘4C]cAI\IP at 1.0 pM norepinephurine is also

plotted in Fig. 3. There is a goo�od courrelafion
(coefficient = 0.91) betweemu flit’ percentage

itihibition of f#{176}Hjnorepinephrine accumula-

tion and the increased sensitivity to 1.0 pM

norepinephirine up to 72 hr.

The effect of 6-hydroxydopamimue treat-

merit ton the accumulatiomi of [‘4CJcAMP in

the prt’sence of various concemutrations of

norepinephurinue is shown in Fig. 4. Also

shown is the effect of cocaine added simul-

tatueously with norepiuueplurine to the incuba-

tiomi mixtures. The absolute values for

- 1.OJIMNE

c 48 72 96 c 48 72 96

Hrs. after 6-OHDA Hrs. after 6-OHDA

Fuo;. 2. Effect oo/ FooropiFoephriooe (.VE) (1.0 000(1

30 p.11) 0FF. [‘4CIcA lIP fornoalioFo OFF slices of rat

cerebral cortex as a fouoociio,o. of tinoe after treat FFoelot

with tW(F (l(ose. (Of 250 pg of 6-hydroxydopanoiFoe (6-

0111L4)

Lao’h, value represents the nueanu ± stmimudard
erro)r oof si tigle tint (‘rmuui mmmit iotis otu f our t remoted

rmits mind eight coumitrol ((‘) rats. The tinues indi-

cated mire the houurs after thie first of twoo injectioumus

of 6-hydrtoxydopmimuuitue.

percent mugo’ comiversion to fu4C]cAi�i I P are

shown imu Fig. 4A, whereas Fig. 4B depicts

flue ro’sults as a percentage of the effect of

30 pun nuorepimuephriiue. The data in this

figurt’ illustraft’ four important jioimifs:

(a) f rt’af mo’nf with 6-hydroxydoopamimie re-

duco’d the EC�0 four norepinephrine from

5.2 too 1 .7 pM (Fig. 4B); (b) 6-hydroxy-

dopmomine imicremiseol flit’ maximal ro’sponse

too uioro’pinephrinie about 2-fold (Fig. 4A;

also set’ Jigs. I auid! 2); (c) cocaine reduced

the EC�0 for nioro’pimio’phrrne from 5.2 to

2.5 put hut did not significantly chauuge the

maximal ro’spoiuse; aiid (d) cocaine luad no

sigmuificanut effect. on flit’ response to norepi-

uuephurine (of slices from 6-huydroxydopamine-

treated amuimals.

Similar experiments, carried out using

d/-isoproterenoul as flue adenylat e eyolase
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Fit;. 3. (‘onoparisoio of effects of /00(0 250-jog (loses of 6-h yd ior yoloupaFFo inc o�o accoo 1FF01 lation (of l�HInorep i-

Foep/orine (311-_VE) 2)0 c/ooppooi rat core/oral cortex tissue an(1 (00 forFFoalio,o of [‘4CIcAJIP elicited luij 1 0

pM oorepuoep/o 12FF 0.

The �)eucemltage ituhibitioon of “i�� ake oof 0.1 jiM [�hI ]uioorepimiephrine (S-----S) was calculated mis

Ii’� - li’,
X 100

1�� -

where ll� is equal too 1 hue t issue too tuuediuni rat io 0 (TI!) iuu I issue from vo’huicle-t remoted comut rol rats, II,

is T 1! it, tissue frouuuu G-huvdroxvdopamuimue-t reated rats, atid R0 is T1lI froomuu I lie tissue oof omit rented

cotutrol rats itucubated at 00. T II was cmrlculmtted as (disititegrmttions ioer uuuiniute toer grmlni (of tissue,

wet weight )/ (disititegrmot io onus per uuui miute lx’r nuillili ter of imicuhomut ioni mcdi tutu.)Each vmolue is Ihe ro’snult

ouf triplicate determimiat io otis on the tissues fronu three auiiiuuals mimid t lions represetits the ruuean ± stamudmord

error oof muitie deternuiu,atioou,s. The abscissmi itidicmttcs the uiumnber ouf htours hoetweeti thie first inject iou, of

6-hvdroxydoopamiuinie amid I lie imomt iatio)ui (of the 111)1 mike eXperinuietlt . The auiinumils used at 24 hur received

oonlv ouue imijection of (i-hiydrooxydoopmoniinuc. The chuamuge iti percetitage coomiversiomu too ‘4C]cAMP elicited

by 1.0 pM norepitiepluriuie (X- - -X ) is shuownu at. 48 and 72 hr mis thue meaui ± standard erroor oof the vmihtues

oolutaiuied froonu t luree I remited ai,ituimils, and at 24 hr as duplicate determninimit ioons (Oti tissue froonia siuigle

rat. The percemitage coomiversiomi to [‘4C]cAMP elicited by 1.0 pM mmorepimiephiriuie in slices fronu three oun-

ueated conut rout rmits wmos suhut racted fnumui cacti experimuuemit at valoue.
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agoiiisf, are shown in Fig. 5. Tro’at merit ivitho

6-huydrouxydopaniine did muof signifinamufly

change flit’ EC�0 for isoprotereuuol (Fig. 513),

although flue maximal effect was inucremiso’ol

2-fold (Fig. 5A). Ito coouifrast ttu its effeo’t oui

flue ro’sponse to nooro’piuuephurino’, otocaino’ humid

no effect ooiu the seuusifivifv out flue slices to)

isoproferenol.

The respouusivc’nt’ss oof flit’ ot’rebral cortex

slices too ado’nosinue � hoot siguuifioanutly

z

0

4

0.

4

0

0

0
U

C

4

U

altered by tro’at nnemit with 6-hydroxydop-

amine (Fig. 6). The response to huisfmonuine

(100 pun), a weak midenvlafe eyclmuse migtonist in

rat cerebral oortc’x, was onuly slightly in-

cro’mused (mutuf shown). Basal levels of [t4C]

cA’oI P were uiot altered! by treatment oif

aiui mals wit Ii 6-huvdlrouxvdopml mine. Basal

values rmrnigo’d from 0.25 to 0.50, o’xpressed as

peroemut age conversion to) [‘4C1cA� I P.

I’igure 7 shows the t’ffet’f ouf inucro’mosiuug
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‘Flit’ ino’reaso’ in mtcoumulmitio)li ouf tAi\I P

t’licito’d by c’af(’choolamind’s in braini shot’s

miff t’r treat mo’nf wit Ii 6-hvdreoxvdo opmimi lit’

humus bo’o’ni tobso’rved liv ofhuo’rs. In flit’ eanhier

sfumdi 0’s t ho’ro’ �vo’re c!iffo’ro’no’o’s in flit’ magnui -

fudo’ oof flit’ FO’sj)O)hist’, which appeart’d too ho’

fuiuntiouius ouf flue ooonnt’nfrafioun oof uuouio’pi-

uuo’phriuio’ our flit’ fimo’ bo’f weo’ui flit’ ituj o’etioon

oof 6-huydro uxvdouparroimuo’ and measuro’mt’nf o of

ifs o’ffo’cf. Weiss and! Stradmu (13) ro’pourfo’c!

flimif 4 wt’eks after flit’ injt’ttit)n of twou

250-pg douses of 6-hvdrouxydoupamino’ shico’s of

rmif oo’ro’brah courfo’x wt’ro’ mouro’ ro’spoum,sivo’ too

5 pM uiourepimuc’phrme fhumun wo’ro’ oountrools l)ut

that 50 pun nioorepino’phurino’ ehic’ifo’d mil)oUf flit’

smimo’ rt’spomiso’ in both ctuiufroul munud tro’ated

pro’parmtt ioons. Palmer (14) shuoowed float treat-
3.0 10 300 0.3 1.0

624 KALISKER ET AL.

z

3.

0

0

Norepinsphrins (JIM)

Fig. 4 Effect (of tari001s eo,oce,otratio,os (Of oooi-

epiioephriioe (XE) 000 l’#{176}CIc_t.iIP formatioFo in

slices of eer’bral cortex from coiotrol rats aood rats

treated with two doses of 250 pg (of 6-h ydrox!,dopamiFoe

(6-OHIA1).
A. Percentage toomiversioun too t4CIcAMP. The

percentage coinversioomu mu the ahsenice of norepi-
miephrinme wmos subtracted frooni each individual

value. Each pooint is the iuieaui ± stauidard error

four three separmite deternuinmitiouns. Iti each experi-

nuenut, tissue from two controol rats wmis pooled and
coomu(ent rmit ioonu-efiect curves foor tiourepineplimi ne in

to onoo’uuf rat iouus (0. i-30 put) oof o’ifl,o’riou.to-

prmntitubtul (Fig. 7A.) our phuo’iuftulaminue (Fig. 713)
on flit’ respoonso’ oof tu-hiyolrtoxydou�oarnint’-

tro’afo’d and o’(untrol prt’Pmlrmitio)nus too 30 pun

uuourt’joitut’phiriiuo’. In o’aohu cast it is obo’ar f limit.,

ooomparo’d too ctonfruls, flit’ pt’rcenf ago’ iuuhuibi -

tititu prooduco’d by thio’so’ mititmogoinists was hi(of.

mtlto’ro’cl liv tro’afmo’nf with 6-livdrooxv-

oloopamiiie.

I �rio or treat menf wit Ii 6-hivdroxvdopamin o’

did tuout causo’ a signuificmint ehuamuge in basal tor

Na l”-sfimulafo’cl ado’uuvlafo’ cvclaso’ ao’tivify

as mo’asuro’d in huumoogo’uuato’s ouf rat o’o’rt’bral

courto’x (Tablo’ 1). Thut’re wmis mi small (25 o )�

but statistically significauuf, o!ecreaso’ in flit’

activity oof cAM P pluousphioodio’sto’raso’ aotivify

imu flit’ samo’ huoumogo’uuafo’s, mis mo’asuro’d! foor

both flit’ low K,,, o’nzvmt’ (1 pM cAM P) mind

flit’ luighi K0, o’nzymo’ (100 pul tAM P)

(Tmoblo’ 2).

I)ISCU5SION

the pr(’s(’mi(’e and absenuce oof (oocainue (10 pM) were

oio’termni uuo’(I. The sanne procedure was emirried ootut

wit Ii t hu(’ pouoled tissue froonu twoo 6-hydrooxydoipa-

muuit,e Iremited rats. B. Percentage oof responise to

30 pM uuoorepinephrine. Foor each experimeuit, the

perceuil mige couuuversiun too ‘4CIcAMP at each bower
oomucenitrmitioumi oof muorepinuephriuut’ was expresseti as

ml perceuutmige oof the vahome oohtaiu,ed at 30 pM iuoor-

epimuephrimie. Each poimut is the muueamu ± stmiuidarol

error foor three separate delernuiuimitioou,s. mi this

and mill stubseqomenut experinuemits anuinuals were

killed 96 hr after the first oof twou injeetiouis oof 25()

pg of 6-hivdrooxydopanuinue giveni 24 hr apart.
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Fit;. 5. Effect of variooo.s oouiooeootroitioios of iso-

pnotereoool (ISO) 000 1 4(’JOA TIP fonoioat io 00. ioo. s/ices

o)f cerebral cortex frono coootrol oats 0100(1 rats’ treated

with two 250-pg doses of 6-/i y(/roxyolopa 110 ilo(

(6-OHDA).

Experiiuuetitmol cout,ditiom,s svt’rt� as described in

Fig. 4. A. Percemilage ooonversiooni too 1#{176}CcAMP. 13.

1)ata from Fig. 5A expressed mis mi per’etutmige of limo’

effect of 30 pM isouproteretiool.

mo’nt of rats with fwoo 250-pg doses ouf 6-hy-

droxydopanuino’ o’aust’d a 2-fold inoro’muso’ itu

the response oof shot’s to) 10 pul tiourt’pinit’phirimuo’,

but observed no signuificauif t!iffo’renco’in flit’

rt’sponuse too I pM noro’piuio’phriuue wlio’n flit’

measurements wt’rt’ madt’ 1 ivo’o’k aftt’r flit’

second iruj cot i on of 6-luydrooxydopmimi tie.

The results pro’so’iuto’d iii this rt’ptort o’xto’uitl

these t’arlio’r oobservafioonis mitud proovido’ flit’
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4

0

U

Fm om. 6. Effect (Of ran 00015 o�(uF0(�(, oot rat bolos of aolo,oou-

so lie (010 [14(’ oil III� foorFooati000 ioo .5100(5 oof cerebral

cortex fr001Fo (000 tr(ol oats (100(1 ia Is Inca ted ooit/o tooo

250-pg (10.50.5 of IJ_/oydrox!/dopaoFoiooe (6-()H1).l

ho or expt’ timiit’ mit al no otiohi I i otis, so’o’ Fig. 4.

lumosis foot ml hivjooothit’siswhiiohi pmittimihly cx-

pimuitis flit’ o’fio’o’fs of G-huyolro oxyoltopmttuuino’.
Intraienlr i(�jtl(j1 inject on oJ (i-/i y(/ro.o/J-

(lo/)alll inC (�(J Uses IbID l!j/)eS 0/ (111(1(111 Ofl s

it/� ic/I influence I/ic res/.oon .S’iFCRCSS 0/ (1(1(1! ��late

(‘yclase to e.ooqenolls (alec/IOIalIlifleS: (lfl eaiIij-

o/eo’eIopin�j, /)re.S//fla/)t l( (�fT(’(’t (1.11(1 (1. Iat(’-(Ie-

0 0.3 1.0 3.0 10 30 teloping, /)O5l.s!JflaPti( (fleet.
Ul)tmike tof iuouto’pitit’phuiiiuo’ intou thut’ iou�t’-

svtiahotio tut’rvo’ to’rnuiinmil humis Ioo’o’ti shuouwuu too

1)0’ a pro’c!oniiuumuuitfatt our iuu flit’ uo’gulmttioomi to!

its t’oono’t’nftafiouui in flit’ iliinio’dimtt(’ vio’iuiity

of t lie jot osfsytumiptic ro’topto ors iuu flit’ periphi-

oral tit’rvoous systo’m, miuid flit’ saInt’ is

f litougluf too hoo’ truo’ in flit’ oo’uifnal tiervtus

systt’m (23, 24). Thut’ro’ is considerable t’vi-

do’no’o’ thumit 6-huvdroxvdopamint’ nauso’s an

irrt’vo’rsiblo’ atud st’ho’tfive do’go’tierationu of

Iut)rt’pituo’phuninuo’-nonfaituitig nervo’ f ermimials

in tho’ co’uufral mis wt’ll mis flit’ periphuo’ral

nio’rvouus systt’m (9, 25-27). ‘flit’ early-do’-

vo’lopitig o’ffo’o’t ouf 6-huydrtuxydoopamiruo’ pri-

marily iuuflut’nuct’s flit’ sensitivity of flit’ slices

to It ow to otuoo’iut rat it aus oof o’xoogeiuo ous nut urepi-

nuo’phuritue atud is atfributo’ol too flue dt’sfructiooti

ouf uuo’rvo’ tt’rniituals and fho’ rt’sultatut floss (of

pio’synimtjofit amino’ upfmukt’ sifo’s. Three so’fs
(of oobst’rvmit iomis sup jooort this o’oouiohusitau.

(mu) Thut’ joouto’tulimifitouu of tluo’ effect oof muthro’slu-
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Fm o ; . 7. Effects of p000/) 0(110(01(0/ a iii! ploeoo 1(01(1FF00000 (000 ins polo se to 10 p.11 10 orep 010 op/I r 0F0� (of si ioes .froooo (010-

tool 0(015 aoool rats troa!od ooitlo boo 250-pq tho.se.s (Of 6-/o !Iolro.r!,dopaooo i,o e (6-0111)_i

A. Thin left -hmiuiol 1)miti(’l shoo�s t hit’ eflec t oof juno pta too oh oh, t’xpmcsst’tl as joetct’u I mogo’ couivcusioum too 14(l_

cAM P. 1mm 1 hi(’ right -hatiob jatit�l thin smtmtio’ d:it mi mitt’ exiouo’ssc’ol is ml jit’tot’ti I ago oof I ho� resl000mose too 30 pM

no ore jomuephri moe. 15. The o’xpo’riuuut’ui tm,l tht’sigto ��mis 1 hot’smitmit’mis itt Fig. 7 A, o’xoept I hmit pluo’mito olmutni tie was

1 he iu,hiibitoot. Foot boot hi lig. 7:� mitid 15 o’michi 1oooim,I ut’huuo’s(’nots I he uiuemiui± Stmiu,olmlu(l euuou fuu duiuhicale

del t’utiuimmat louIS Outi tisstue froommu o’mich oof 1 lotte rmits (.V = 6).

O Control

o 6-OHDA

o Control

o 6-OHDA
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old oooiitt’ntrmotiooui ouf nouro’joino’iohuiumo (I put)

by 6-luydro oxydo ohat mi uio’ foullo uws mijoj out uxi-

muuat ely flue sanue time otounso’ (up lou 72 lii)

as t he iuuluibif it ouu ouf aooinnuulat it ott oof [�iHJ -

no uro’piiiephrnio’. At mi to uuieo’mif rmif io out oof 1 pun,

titont’pitiephunitme is mitt utuoulaf o’t! pro’(lt urni -

nantly by flit’liigli-afiitiitv no’urtonmoh uptake

systo’nuu (imjulmiko’i) (2�). (lo) C(ocmlino’ pou-

tt’iitimito’dflit’ o’fTo’ot of low (1-3 put) but uutut

high (�0 put) ttonceuif rat ioons of ntorc’joi-

no’phiriiut’ in shirt’s froonui t(ulufr(ol animmils. It

is km,o own that to onmiimme o’ffc’nfivelv iiuhuibifs



1()0 pM cAMP

n onoles
[:I/JlouJeoz�5 me ooug

protein ,00in

22.0 ± 1.3

17.7 ± 0.1
p < 0.02
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1 NI. hooting, A. K. S. Iloo, miual .1. \V. l)moly,

persounmmil o’oomuimmuouuiiomotion.

TAloI.l. 1

A dcii ti/ate eyola.se ao’to 11 ty ioi /O(00000ge10(it(’.s (OJ (‘ero’brai

cortex froooo (0)001 r(uI (100(1 6 -lo !,(/noxYoloOp(1 100 i 0I,(’ -

toeoote(1 1(lt.s

Treated rats receiveol twoo 250-pg dooscs of 6-

Iuydroxydopamni tie. Thin o’onvo’rsiooui oof [011 ATP

(0.4 muun) to [H lcAM P dun tug mi 10-mmui Ii un’oubat ioon

was tumemisured (foor del ails, see ref. 19) . 1’ach value

represetuts the uneaum ± stauidmirol erroor of deto’r-
muiiummotioouusfromuu thro’o’moniuiuabs.‘Flit’eoomioemutratiotm

of souohiuuuu fluorido’ wmos 10 uiu�i.

Rats Basal NaF

pooioles :Ij!1c4 .111’ pooiooles [#{176}IIJc.’l.l!P
000,1 protein oozin ooz,o protein oozin

Coonutrob 377 ± 36 5:30 ± 44

Tremoted 303 ± 27 491 ± 23

TAtiu,o: 2

P/oo.sp/oodio’.sto’na.se act H’it!I iii /ooooooogo’ooate.s of

cerebral cortex fnoooi o’oooo.trot (000(1 6-h y(Iroox!l-

(1OpOFFO iioe-trealed rats

Tremuted rats ro’cnived twou 250-pg dooses oof 6-

luydruxydtupanui tie. Ito t’ssnnmct’ I hit’ assay i uuvoolvns

the ctonversiouu of [011 [(AMP too [:1115’ -AM P t hueti

too 1:111 ]midenosino’, whoio’h is isoola I no! ootm Aumubunrhi In

S13-2 iouti t’Xc’hmimig(’ joaper (21). Att ivi ty at 1.0

p�m cAMP is due puimouaril to I hon moot ioouu ouf thin

bow K euizyuuue, while activity mit 1(X) pM cAMP is

(loin prituuarily too the high K,, t’uizvuiit’. Eaehi vmoboin

repro’semit s thin uiuomiui ± stmiumolartl o’rro u of obo’ter-

nuinmat ioonis froouui three atmimiumils.

Rats 1.0 pM cAMP

pooooles

l#{176}Illadenosine: Foot
pro/nil nun

Comut rob 6o;2.4 ± 42.4

Treated 491.9 ± 22.3

p < 0.02

uptake1 (29). Hoowo’vo’r, luighu oounuo’enf rat itOtis

(e.g., �3O p�i) o)f uioro’pnuo’plirimue mime mio’ouuuuu-

latec! predominuanutly by a loow-miffiuuify uptake

system (uptako’2), which is nouf o’ffo’ofively

inhibited by cocmiiuie (30). (‘tunmoinc did uioot

significantly potent iato’ flit’ o’ffo’of ouf 1-3 pun

uuourepinephum’ituc ouuu flit’ ft ut’tuiat itoh of [t4(�]_

cA.\1 P in slices from 6-liyolrouxydopminiiuuo-

tro’ated rmufs. Evemu though flit’ numuximmol

inliibifioumi ouf [#{176}H]nouro’piuuo’phirinc uptake by

6-huyo!roxydoupmtmine was oommlv 54 #{176}, , this is

flue fnmiotioout oof uuo’urouuumol ujofmiko’ inipoun’tmint

four flue atfivmifioouu oof mooho’nvlmoto’ cyolaso’, since

c�&i\I P coumuf(’nf \�mus unut iuiouo’mtso’d furtluo’r by

o’oocmtitme. (o) flut’ 1(� to u mitoit’joiuuo’phitiuie

\\.ios rethnoo’d l)y treatnio’nt. �vitli 6-hiyduooxy-

dopanuiuie, but tlio’ � for iso opro otero’uut)l

�vmos tiout miffo’ofed. Noor dit! o’uomiine j)tofo’uitimite

f hue off’cf 0 of iso upro ofero ‘uioul . fhuis is oonsisfo’nt

with oubso’rvmifions (31 , :32) flimit isoprouto’ro’no!

olouo’s uiout iuito’raot o’ffeotivo’ly with flit’ luigh-

miffiuiit.y mimitue t1l)fake systonu.

Treat meuut with (‘o-huvdrooxydo upmuuuiu it ‘ milsto

results in a hmit e-do’vo’lo upilig alfo’natio oti �vhiich

j)n’immirily affo’ots flit’ numoxinial rc’sp onisive-

uuo’ss ouf the mudo’uuylmufe oyohaso’ sysfeuuu ant! is

tiouf. directly ro’latod too o!o’strucfioun tub modremu-

t’mgio no’rv(’s. \Ve huavo’ to’nnuio’d it mi poust-

svnumilot it o’ffeef, sitice if ooeo’urs donriuig mi tinue

5�itIi (72-96 lii’) who’uu tlio’re is uuo further
oloango’ in flit’ degree tof iuihuibitiooii ouf the

uptako’ of [#{176}H]uiouro’piiiephtuiuuo’ monid boo’omtuse

I litre is aut iuio’roaso’ iui io’sjoo onsivent’ss too iso-

protero’nool wluioh canuuoof 1)0’ o’xphaiuio’tl l)y an

molto’rafioon in f lie jum’o’svnajof in anuiuut’ opt mike

jorouno’ss.

\Vo’ limivo’ tioot t’xanuine! flit’ effects oof 6-huy-

droxydopamiuit’ at times lmoto’r thuamu 96 lit.

Howo’vt’r, flit’ ro’suhts oof Huamug, Hoo, mind

I)molv1 iiudiomito’ flint flit’ ro’sjoonso’ too 100 pun
uiorepiiio’jolurinuo’is iui(’ro’mised!uuou mor(’ than

100-150’ hot wo’en 5 and 20 dmivs moffer a

single imijectiouuu (of 250 pg (of 6-huydroxy-

(!t uj)minii tit’.

Bo’oause we clioso’ to nuo’asurt’ flit’ ancuuiiu-

latioun of tAMP mind did uiot detennuiuue the

rmufe of synthut’sis directly, flue increase imi

maximuimol aocumuhmit it out couk! humove resulted

fit oni mt olo ‘oremiso’ in l)hiousl)houolit’st o’rase moe-

tivity. Hoowo’vt’r, tlirect nio’mustiro’muieuif of btuth

pliosphit ocli o st o’raso muid mideny Imite oyolmose

shuouwo’d ouiulv minour ohauuges iii toot mu enzyme

act ivit it’s. hurt hio’rmoro’, tutu iuiero’mose in the

maximmol offo’cf of, our flue so’iusifivitv tco,

ado’nosino’ ovmis oul)serv(’ol. Sinoo’ midt’uuosine

auth noum’o’pinio’piirino’ iuufo’ract syno’rgisfiemuhhy

in u’mif ooortex shico’s, it is probable that thuo’y

act. ton flue smimt’ oo’lls. Thins flit’ poustsyuiapfic

alto’rafiton.s in(luco’d by G-huyolro uxydo opmonuine

�voould mijopo’ar too 1)0’ ro’hmifedl uuuturt’ to) the

midro’uio’rgic ro’o’o’pfo)rs fhiati too mu go’nio’rmoh in-

oro’miso’ itt modo’n\�lmite cyohaso’ mitt iyify.
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Siuioo’ t�voo diffo’ro’uit typo’s oof aolro’uuo’rgio

ro’(o’pfoors mtjOj)O’mlr too nio’(hiafo’ flit’ effo’of ouf

hit oro’piuuo’j)hurino’ runt t hut’ (L�:\ I I � to out o’uit 0 of rmit

oo’ro’brmul to orto’x shico’s ( I ) , o’xpo’rimo’nfs �y�qo�

carried outut too do’fo’rniiuuo’ �vhuefhut’r booth typo’s

out ro’o’t’pttut’s mire iuuvoulvo’ol in flit’ pmoopoost’ol

poosfsyuuaptio o’fft’ctouf 6-liytlroox�oloupmirnino’.

It is oho’ar froni thuo’ ro’sults imi Fig. 7 flint if atm

iuuoro’aso’ in rt’ot’pftoi’s olid ooocur if olio! nuouf ro’-

stilt in munhumiuugo’ iuu flit’ proptortioti ouf flit’ fwoo

f�Pt�5, sititt’ booth proojoranoohoul mind johuo’nfool-
mOiiiiti(’ cmullst’(l flit’ sminit’ j)O’t’ot’nitago’ ituhiibitioutu

oof t hut’ o’ffo’of oof lit oi’t’joitit’pluritit’ i t t shoes fro uni

nooiutrool auud tro’afo’ol mouiinuals.

The ro’sulfs ouf this study mouud oufhuers

(12-14) singgo’sf fhumut adr(’uuo’rgio nervo’s o’xo’rf

a no’gat ivo’ iuifluenct ton f hue responusivo’uuo’ss of

:tolo’nuvhmifo’ cyclaso’ too o’xougo’nouus cato’o’htool-

amino’s. It is clear frounui flit’ results presenufo’d

ho’ro’ thuaf flit’ poutt’noy oof o’xougo’noous noorepi-

iuo’phuruuuo’ was miffo’cfo’oI by flit’ prtso’uic’o’ our

mob)so’titO’ tof thit’ prt’syuimojotit amino’ tnptmikt’

svsfo’uuu. Ho uwt’vei, a nuuo’chmuuuisni too o’xplaiui

t lit prouj)ouso’(i posfsyuuajutio o’ffo’ot oof 6-hy-

tIn oxydo opamuiiuuo’ is mouro’ diffioult too forniulafo’.

fl into’rest in this ro’gmir(l are flit’ results ouf

Wo’iss (12), whoo ro’poorto’d that itt rats surgical

desf ruof ioon oof fho’ adro’mit’rgio’ inno’rvmotioomu oof

thio’ pino’mul giant! lo’t! too tutu iuicro’miso’ mu flue

ro’spoouusivo’uiossoufjuinto’almtdo’nylmoto’oyolaso’ too

high toouuoo’ntrmotiouuus (100 put) oof uiouro’pi-

uuepluriuuo’. Iii that stincly (12) mtdo’nyhate

n�nlaso’ mootivity was nit’asuro’cI (hiro’tt ly in

huoumogo’uimuto’s, using o’xoogonoous, labo’lo’d ATP

as subsfrmott’ four thuo’ o’utz�mo’ ro’miotioomi. Thins

do’structio on oil modro’iuo’rgio uio’rvo’s miglut hmivo’

led too mitt molt o’tmof io on in t lit’mudo’uuvlmoto’ovolmuso’

s��sto’nu po’t so’. (1o’rfmiinly such ro’sults nmtuunoot

ho’ o’xphmiino’d boy ohiroof iuuvoolvo’nio’mit of flit’

aniiuuo’ uptake sysfo’m. Iti mitt antmolougouus

niamiua’t it is jooussiblo’ thmof do’st ruot iouuu tof

adro’uto’u’git nouro Otis by 6-liyolrooxyo!o opmiuiiine

couulo! a�o outit itidirect ly ft or flit’ joro opost’d

I)OstsyuimiPtit o’ffect ouf this oounipouutitl. If flit’
founic relomiso’ oof tuouro’pitit’phirino’ by adlro’no’rgic

hit’Ui’t ohs t’xt’t’tt’(l mi iuo’gmitive influo’noo’ ton flit’

ro’spoouusivo’uio’ss tof modttiylatt’ ovolmoso’ too

nmuto’ohiohmuniimio’s, fhuo’ut do’stu’inotioouu tot flit’

nt’urotus by 6-huydroxydoupamimuo’ wooulo! ro’-

duoo’ flit’ ro’lo’moso’ oof nooro’pino’phirino’ atuol couuld

muectoutit for flit’ sb ow do’vo’bo upmo’tif oof mosopor-

ro’spohusiyo’ sfmtle ouf flit’ o’utzynuo sysfo’m.

Alt hoomgli such mi mo’chminisni is highly spo’ou-

lativo’, it (10005 lo’mooltoo mo to’stmobobo’ j)rediofioutu;

it. , mttiy nimiuuijoulmutioui wluioli i’educt’s flit’

t 0 01)10 t�t’lo’mist’ t of nooro’piumo’phuri uuo’ from mio’rvt’

o’uuchngs shouubd lemuol t to a simibmir postsyiiaptic

iti(u.t’moso’ itu ro’spouuusmvo’uio’ss. \\T0, mint’ eurro’uutly

imivt’sfigmoting flit’ o’ffo’ot oof ro’s(’rpiuuo’ auud a-

mo’fhivl-p-fyrosiuuo’ in this ro’gard.

Supo’rso’nsifivify t oo sympmttluomimo’fic

moniiuuo’s iuu oorgmutus iuuuio’rvafo’d wifh periphuo’ral

midro’uuo’rgic no’rvo’s limos I oo’o’mu sf udied ext o’n -

siyo’lv. Tro’uuolo’bo’nburg (10, 1 1 ) humusdiscusso’d
tluis ioluo’uuunuo’nooii iuu to’rms oof fwou compou-

tio’uufs,mu presynmipfit altermufionu induced by

poostgmtnghioomuic uuo’rvo’ so(fion muuud mu poust-

syuiaptin milteratitoti induced by o’ifhuo’r p(osf-

our j)regah)ghitomuiO no’rvt’ so’(fioon. Thuero’ mippo’mur

too ho’ niarko’d similarities in flit’ o’ffecfs of

6-huydro oxydopamimio’ ool)so’rvo’dl in this ro’pourt

mint! flit’ o’ffeofs ouf 100 sf gauiglio unuio no’i’ve
soot ion in flit’ pt’riplto’rmil muo’rvoous sysfo’m.

It ivouuld he (of ihifO’r(’st too know flit’ cellular

houoahizmtfiooti ouf flit’ oaf o’oluolmtmine-ro’spomusive

mudo’uuylato’ oyolmuse of rat oo’ro’bn’al courfo’x.

Tluo’ro is comivinuoinug o’violo’uio’o’ ouf cmifeo’Iuool-

momino’-so’nsifivo’ aolo’uivlmtt o’ oyolaso’s in booth

ct’nfral (4) mumudptrijoiio’rmil (3) uio’rvouus systo’m

no’uroonis. Tlio’rt’ alsoo is o’vic!o’uuoo’ too suggest

thmof ghimil tolls ooouitmoiui a omit.o’oholamimit’-

so’uusifivo’ o’uuzymo’ (5-S) TIut’ ro’suhfs pro’-

so’nfo’cI luo’ro’ doo noot mudolro’ss this proohlo’m

diro’efl��, but they dou imidiomoto’ flint wliatt’vo’r

tluo’ typo’ ouf toll our co’hls invoulvo’ol, tluo’y must

o’xist wifluiuu flit’ sphuo’ro’ of iuufluo’nce ouf tht’

muniumo’ uptmtko’ j)ro)oo’ss iii mooho’no’rgic uuo’rvo’

omio!inmgs.

A C K NO\VLEI)( ME NTS

Tho’ miomthoors grmitefoullv mmokumoowbo’dgo’ 1 ho’ skillf oil

to’(htm icmmi mossist mitten oof ulari lvmi NI. uloooore munuol

��miuehimi I’o,Imirboosve
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