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Abstract l)rug-indnccd rotational Iwhavionr w_,s studied ill t_:,'fJgroups

i of rnts with dif|'erln_ chemical lesion of the right medial t'orel,'_fin bundle(M I:B). 6-hydroxydnpamine (6-OI I-I)A), 3.5/Lg, injected in otw group.

induced a marked lowering of dopanfioe (I)A) :rod tmradrenaline (NA)

in the right hemif_webrain. 5,6-Dihydrnxytryptanfine (5,6-]IT), 10tLg,

injected in a second group, produced a l_rnt'ouud and hm_-Iasting

depletion of 5-hydrl_xytryplamine (5-11T) and I)A, but not of NA.

Rotatimlal behnvicmr induced in both groups by I)A receptor agonists

(apotnorphine, piribedil, I.-I)OPA, ergometrine, erg.cornine, 2-bromo-

.x-erg_cryptine, ergocristine, methylcrg_.netritw) and agents releasing

[)A (d-methamphctamine, methylpheoidate) were qualitatively identical

and quantitatively very similar, suggesting a tnin_r role of 5-1 IT stri_nal

terminals in these experimental conditions. I,SI) induced contralatcral

rotation by direct stimulation of the I)A receptor, while l,-5-hydroxy-

tryl_lophan (l,-511TI') was inactive.

Introduction

l l:or the study _f the relathmship between ncttrotransnfitters derangement andParkinson's dise'lse, nnimal models based on localized Jcsions in the extra-

l_yranlid:|l systen| have been devel.ped ill I'ecenl yeal'S (35, 4, 32, 51). A c.mn)on

teaturu ,)t"thcse m.duls is the unilateral impairment of tlw dopanfinergic nigl(_-

striatal pathway by either electrl,lytic (4) or chemical (48, 49) or functional

lesions (26). '|'he resultin:K imbalance between the dopaminergic activity in the
intact and in the impaired striatum leads to a spontaneous or drug-induced

rotati.nal behaviour. So far the approach imitatin_ best the situati-n in
Parkinson's disease has been the chemical lesion induced by stereotaxic injection

Q) '1'o whom reprint tt_tlUcsts s|'tould be _tldressed.
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in tile vicinity ,d" dopaminc (i)A) tell b, uties ,)t' the substantia nigra (SN) or of
tile I)A axons at tile level ol the area ventndis tcRrnenti air a)f tile lateral hypa)tha-

lamas with small amounts ed 6-hydroxydopamine (6-()ll-I)A) (49). I)egener-
:1 in the attain induced by 6-O[I-I)A restllted ill it highly sdeelive dcplcthm of I)A,

fie QE accompanied hv a decrease of nmadrcnalhle (NA) when thc injected site was
I "

C_t)SteIt) IIlll'adrt_lWl'Rit' tibrt's i_r cell bl_die_ (4q). I Io,,_'t'vvt, I a l_.ulsml ,_disease is

a.,,s(..:ialt.d li(fl ,.fly wilh al dclich'ney all I)A l)u! also _ilh a reduction

a_l 5-.hydramytryptaminc (5-1rl') in tile striatum, while signilicam alterations,H.Y -

Ill"|hv hA ]cvc} ;ire present ,nainly in the hylmthalamus (17, 6, 24). Morel)vet,

Hlc,,H,o,d. acCall'dillld , IO rc¢cut Ih/dhIRs in different cxpcrhncntal aniluals, tile striatal

dl)palnhlel"Ric function seenIs to be il_terl'dated in some way with a 5-hydr_lxy-
tryl)t;mliuerRic nlcchanism (22, 9). Thercfl,'c an aninlal inaldcl with a urlilatcral

c(mcmuitant IowevinR of I)A aud 5-1rr appears to retied nmre chlscly the
I illlilllson s disease aild be iiiore} RrotlpS lllOll(lallll}llerRic dCl'llll,_cnIcill ol)selcvcd ill J " ' tel

hlllld]U appraqu'iute f.r the study _)f a possihlc functi(mal relati(mship Iletwe¢l-t these two
:group, I'JL!lir,lll_.HISlllillers ill the striatlinl.

I: (NA) Rcceully it ham been shown lhal 5,6-dihyd,'tlxylryptamhle (5,6-|lT) stereo-

, I(I t_g, taxicalh injected into m_e medial fi_rehrain bundle (_l["R) of rats produced a

-Listing {,mg-hlslhlla depiction a_t In)th I)A a,id 5-1 IT, b,,t nm ,ff NA (42, 43).Hence, in
N:\. the present study, tile sp(mtancotts and drug-induced rotati(mal bdmviour of

_g(llliSts rills with lesions induced by 5,6-1IT was c,)mpared t,) that ,,ceurrin R in animals
_ironlo- injected in tile NII:II with 6-()II-I)A.

,itUlSillR For lilt' conlparisam id' the Iveal ,il_hllaI inutlcls dru_s Wt'l'e lised that were

it.,!llit:: I ;IhcatI.V kliaJWll I(J acl on lilts dalpalllinvrgic junctian/ chher presynaptically
(mcthamphctamine, methylphcnidatc) or |uJstsynapticaliy (ap(mt(irphinc,

stria. I.-I)()PA, piribedil) (4, 18, 10, 51). Some ergtlt alkaloids and derivatives that
thtlclal have icccntlv been shown to stimulate directly I)A receptan's (I l, 52) were

drox .... illchlth't|. 'rt) cxph_l.c _l possible ill'¢ulvcp, lcn! all"lilt' 5-11T systclu ill raltatiamal

Iwh;ivhJm' wc studied I.,ql) and N,N-tlinlclhyllryplanli,lc, hallawin,_Rcnic indadc

_ dt, rivativcs i.istul;m'd tu stinttthfle 5-11'1' rt,cvptors iu the coital'all ucrv(ms

.syslt'nl (25, 46) ;llld rt'l'.nlctl hi induce slcrct)typcd behavimir ira rats (15).
!1()1,-148, a collgellcr t)t" LSI) devoid ttf halluciu.genic activity (40, 41} aud a

potent anlagtmist t_f 5-1 IT ill pcriphcral tissues, as well as tluipazinc , a ct)nq_t)tnld

postuh,tcd to stimulate central 5-lIT reccpto,s (38) and possibly also interacting
mt and '_'ritl',tile I)A system (21) were also investigated.

CXI I'il-

illllllalll

nilar,,- Methods
{gl illllill

in the Animals and criterion of selection.

tducctl The stereotaxic opcrati(m was performed (m SPF male rats from the stock

tm ill l:ifllinsdtJrf albino with a weight of 150 I 5 g. After 10-12 days tl_c operated

ccti.n animals %%crt,tested for rotation activity by injecting apomalrphinc (3 mg/kg

i.p.). 1,'Lbr further circling studies only tilt,so rcspondiug xa,'ith at least
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20 it, ms/2 min (10 15 rain lifter apomorphinc injeeti_m) wcrc used. Appr,xi- • l i

ruately 50 _. of the oper_ltcd animals failed at this criterion and were discarded. (2,.
bit_

Stereota.x'ic lesion, flfll
tli_:

'l'hc _mimals wcrc -pcratcd ira a David l_opf sicrcot_lxic in_trumclat under 1111'

i,n_,esthcsia with sodium pcnt,,b_lrl_it.ne (45 mlz/'klz i.p.), Stmac ,,f the auiln_ll,_ iII11

we're ;maesthctizcd with h:d.lth_ulc in ()r(Jt,r to stt.dy th(' spolflaneous J_t,h_lvi,,lll (N,
immcdi;llch, iffler tile .peration. _lqu'

lwtr;iccrcbr;d unil:it_,r;d (li_ht side) i.i_.cti.ws .f 5,6-IIT (11)/, e ;Is b;Isc in

101d s,d_t'nl) _ir 6-()II-I)A (3,5 itl_ as b;Isc ivl 4#I s_dvt'nl) wt'i_, c;Hri('d i_ill ,_

- thv'_u_h ;I shdnlc'ss-slt'l'l t'llnnqll;i (di:mvctt'r 0.3 ram) c_mnt'tgt'd h_ Ii mit'ro,_yrinet', I'_'fl

As soIVt, lll, I_,ingcr s{,hltion c_lnt;dnint_ 0.02 '!., _lsclllbic acid _as ilSt'd, 'lTw _ ill
liquid was inj_.cted at _l,_pced _lf 2 #dimin fi_r 5,6-I I'1' _u_tl 1 td/min fllr 6-(111-|),\

- by me:ms of a high precisi_ln infusiou pump, fidh_in_t a teclulique alrcad._
described (43). R_I

In _lrtler to dcptlsit 5,6-11T or 6-()II-I)A in lhc vicinity of NA, I)A and
5-11'1' p;Ithw;lys in the MI:II wl_ iIs(!tl Iht" I_.ll.wing cIp_'ll'dillalt's: A I 3.8 IIIill, 1'!

l, (right) 0.9 him, V 3,3 mm acc(irtling t_l the Ath|s of 1'_6nir4 ;llitl JO

Klipt_el (28) _ls previ_)usly described (43) ' -f5
|tisbllo_ical controls were randomly perfi_rmcd (rely in _r(Icr to confirm lilt.

the h_calizati_lil _t the cannula. %Vefimnd a Ro,)d c_rrt,lllli_n bl.'lwC't'll tl_le COllt'¢t _:
1j_(II

loc;llizad.u ,ff d_e cauuula and the p_l_itiviLv _I d_e s_'h_,cli,,n ,:ritcli_i_ 5-11

of al_onlorphine-indt, ccd rohili_m, lhe

l_r'cordi,._, r_[rolalional heha_iour I I,

The cxpcrinlents wcrc i,crt_lrmcd on 85 rats (63 m jetted with 5,6-11'1' _lvltl li
22with6-O11-1)A). asvl,

The circlinl_ behavi_uu was measttrcd as the l_ttnd_er _)t"t',lrl_s pcrf_rn_ed bx _lu _m_li

animal durin K a 2 rain periled. 'l'he r:lts were placed indivithtallv in perstwx bchl
calves (base 35 cm : 20 cm, height 15 cm), imlncdiatcly _lftcr i,i_'cli,m of drut_s, l l_

'l'hc mcasm-enlcnt was Stlll'tt'tJ 5 Illill _|fter lilt' drug mlndnislu_nli_ln _md Iwrfi_rnwd h'si,

evt'rv 5 Iilill f()r _1pcri.d _d"2 onin, cxtcmlin_ .vt'r I hr, .r I_ln_t'r, if iit't't, ssilr_., lllilt'i

iiftt'l

IIiochemical anal)'s/s. ()',
bch_l

10 12 (_r 170 days after the Icsi()n the ;minmls were killed bv decapitati_n th_ls_
and two pootcd hendtclcdicncel_hala wcrc ;malyzcd for 5-1 i'1', I)A _lnd NA (44).

('t

Drugs and solutions. D_

'I'hc f(dlowii_g th-u_s wcrc used: d-mcdlan_phclalninu I I_'l, mt, d_yIphcnidatc 5,6-1

(phcllyl (<z-piperidil) act'tic acid naclhvleslcr • I1(,'1), I,,41) (,t-h'serlzic acid sl_ll'l_

dicthylamidc bitartr_ltc), I,-l)_wa (3,4-dihydr_xy-l,-l_llcn,_lahtnine mcth_lcstt'r after
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f

_. j , lit'l), 5-1wdlt)xV-I.-lrvpltq)han eth,;lestcr. 11('1, benscrazitlc (Id)l.-scryl-2-

_d. (2 3,4-1rihydr _x) _cnz) l} hydrazhlc - I I('1), al).n..'phil_c ' IICI, crg_Jc.rninc
bimalcalc, mt_d_)'k:rl_lm_vtrinc bi||mlcatc, mescaline (3,4,5-t|'i|uctl.)xyt)huncthyl-

a|niuc ' I l('l), P('PA (p-chlor.-I),l.-phcnylalanine mcthyk_ster • lit'l) were

disstdvcd il_ dislillcd walcr. Ergom(:lri|_c, crgt_cristinc, 2-Br-(_-crg-cryl)tine

Icr mcthansulftmatc (('B-154), nlcthysergide (N-mcdLvl-d-iyscrgic acid butanol-

;d_ amide), 1|()I.-148 (2-br.m_-d-lyscrgic acid dicthylamidc bitartratc), I)MT

_ul (N,N-dimcthyl_lryl_|a||li|w-llt'l), qt|ipazim' (2-(I-pipcrazinyl) quimdinc malc-

iltcJ and pirilwdil (I-{2"-pyrinfidil)-4q)iper, myll_ipt'razi||u ) were s_,lspt!llded ill
ill 5 ",, glllll at';It'i_|,

,_l - All sllhsl_lllt:t's ilSt_tl vcttlt_rill" amdylical gnttlc. 'l'he rcl)ortctl thlscs Id" th'tlgs

._u, refer to the sail and wcrc injcctt'd i.p. in a wdumc .f 0.2 ml/100g. (}no week
hc without trclltlnCl_t was alh,wcd between tire/4 adminislrati(ms.
IA

Results

id
,lbmoa.ffm, h.vds after i.jrclion qf MI,'B with 5,5-117'.

_d 10 12 days alIt:r umlalcral itljctrtion of M Fll with 5,6-IIT, a selective depletion

of 5-11T and I)A _ _8 t)bscr_cd in the Icsil)ncd tclediencephahm (as compared to

Ill the intact side} (_t"animals nt_t selected on the basis of their mtati(mal rcsl)[_nse to

cl .'T_u_l_nphinc (43). In rat,s selected according m dlcir rcsp_msc t_) :|po|n.rphine,

.I 5-lIT and I)A v¢crt; _till ht_'crcd respectively by 7()'Io and 93 '_'_,170 tlays after
lhc Icsi_m, w,hcrcas NA was only slightly aft'coted (Fig. I, a, h).

Poslural tad Ioto_t_olor asymmetry in rats lesioned with 5,6-11T or 6-(_11-1}/|,

d Rats injected wilh either 5,6-|tT or 6-()|l-1)A showed marked postural

asymmetry and rolation ipsilateral to the lesion, on recovery from hah)lhane

II anaesthesia; pi|_chi|_g lilt lail t,nhanccd these anomalies. This SI)iHII;,IlletlLIS

I)eha_it)ur slmvh ttisappcarcd during the st|bseqtlc_l! 10 tlays.
_. II1 additioll a n_lation, lasting 2 3 rain and tlirt'¢tt'd cm'Hr:d:ller;dly lo the

d Icsi_&, alllwal'¢d 3 4 wt't'ks aflt:r lilt: It'._hlll ill J'e_l)Ol|str Io _lltltlt:ll .'slrt'ss (t:.g.
,.. IdacinR lilt' auil|ml m..t'w cl|vir_u|nc||l or haudlil_4 t'[_r iu el:Ibm) and persisted

I I ]'l tq" _,_";,I Ids.

(hi tile basis of lhe early ipsilateral and the late c_mtrah|tcral asyllHllell'ie

bt:havioura, auimal._ injected with 6-()I|-I)A c.uld not hc dil|crcntiated frt_m
_1 l;ht_se h!sioncd with 5,6-IIT,
),

{ 7rrli.A, q/h'r the lesion with 5,6-11T.

Drugs inducb(e nmtralateral rotation (towards the non.lesioned side). After

_, 5,6-11T, ttle ;|pplication of apomorphine (I mg/kg) induced a rotation which

I st_u'tcd approxilnatcly 5 nfin (about 20 turns in 2 rain) and ceased 90 120 mitq
r after tile injecti_m (Fig. 2A). The intensity of tile turning behaviour using

$
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/Xl)s.flut+++, valu,:s in n_I_ tisst.' ol _h;ml-injt, cl_t,d ct_l'flrtfls: till"
a: ++II'l', 4_9 _, 28 (9+; N,x., +I"18 _, "? (8); l},\, 106t, t ! 84 (8_.
I): _-II'I', 462 t 24 (8); NA, 470 I 12 (8); I)A, 706 + 5 (8). d'I
c: 5-11'1 +, ]59 _ 6 (7); NA, _14 _ II {7); |)A. 864 _ 46 (7).
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apom.rt)hinc in an)ounts higher than I mg/kg was not dose-dependent, due to
the concomitant appearance of other stereotype signs interfering with turning.

Piribcdil (25 mg/kg) elicited rotation 5 rain after tlrug application, with

relatively stahle and h)ng-la.stin R (.p t. 6 hr) turning (Fig. 2 !1). I,-DOPA

(15 125 mg/kg) aher pretreatment with bcnserazide at a dose (50 mg/kg) that
i.hihils selectively cxtraccrcbral I)I)PA dccarbuxylasc produced a rotation of

rapid -.set and of 120 mm duration (10animals). I.SD (0.2 mg/kg) induced
circling approximawly 5 rain after the injection which ceased 60 rain afterwards

(Fig, 2 t'). After repeated apl_lication of I,SI) (0.2mg/kl_ once a day for 5

days), n,) rethwlion or S.l)l)rcssi.n ,if turning was noticed, l"rgon)etrine (5 mg/kg)
iniliawd 15 30 rain afh'r applicali(m a h)ng-lasting r.tali()n (up to 180mini.

Thc peak .f r.tati()nal activity (311 tu)ns/2 mini was reached appr.xinmtcly

Ihr after drug injection (l"ig. 2111. Erg.c.rninc (5 n,_/kg) elicited a long-

lasting (more than 3 hr) turning, beginni,)g 5 IOmin after the injection

"_ (Fig. 2 E). 2-hr,)m()-,_-ergocryptinc (5 mg/kg) initialed turning between

8 70 and 120rain aflt:) admi.istrati()n, with a duratiml of more than 5 hr.
A Melhylc_gomctrine (5 mg/kg) was also able I() induce r()mfi.n, reaching its

peak (all(let 40 turns/2 mini 35 rain after injecti()n, with a duration l.nger than

I hr (7 animals). All 7 animals died 5-6 hr after the injecti.n, while all un.pcratcd

animals survived after the sanlc th)sc. I IIII/,/kg was nol toxic but also unahlc to
elicil rolation.

Ill uys indu,'i._ ipsilateral rotation (towards the lesioned side) : d-Mcthamphc-

ta))lmc (3 mg/kg) elicited turning which began al)t)t)l I0 rain al'tcr rejection

and lasted hmgcr than 60rain. Methyll)hcnidate (10 mg/kg) induced rotation

will) ;i s.mch.w quicker onset than d-methamphetamine, an essentially similar

durali.n .f action, and an intensity reaching a t')lalcau of ahout I0 turns/2 min
- after 2(1 30 n)in (Fig. 2 F),

lbugs not inducing circling: (_hlipazine (10 Io 20 mg/kg) cw)kcd a pronounced

asy.m_etry towards the lesioned side hut n. rotational hchavi.ur, 11OL-148

(20 sng/kg), ! )MT (I to 7,5 ,ng/kg), mescaline (5 to 20 mg/kg) and methysergidc

(30 mgekg) were inactive, up to 3 hr after the i,jcction.

I'.ffrc! _[ I'( '1'/I or I.-511"1'1' on turning.

I,.wering .f lhc cerebra} 5-11'1' by lq/PA (4 consecutive daily i.p, injections of

I(10 mg/kg ) did n.t rest, h in rotational behaviour. Administered 16 hr after

tl)c hist injection of I)CI)A, d-methamphctaminc (5 mg/kg) ind.ced ipsilateral

i.mti.n, _hile I.SI) (0.2 ml.r,/kg) and al).m()rphine (I mg/kg) induced contrala-

Icral rotation, These turning curves did not show any apl_rcciablc diffcrcnct: in
(hi ,lm.r S_,-) 'r comparison to those obtained without prctreatmcnt t)f PCI)A. Administrution ofi n I _te _1 "1|. Thc

niln;ds( ltRi',) I()(1ml_/kg I.-5HTP to animals pretrcated with benserazide (50 mg/kg) did nothll;l], il* _))t_1 ;IS lilt'

i,) m,, )',"l)i.'t,)l,.. resuh in any h)comotor effect. In addition this treatment was tmahlc to modify the
turning behaviot, r elicited by l.Si) (0.2nlg/kg), ap()naorphine (I mg/kg) or

d-mcthamphctaminc (5 mg/kg) injected 60 rain afterwards.
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- i.p.) (11); I._1) (0.2 m_/k_ i.t_.) (C); er_.,,wh-inc (5 ml;fkl.' i.p.t (I D; i'l_,l,,'orliilll' (_i illl_ klz (41).
i.p.) (E), lind ip,_il;ih'l-al I'_liiliioll lllh'l Illl'Ihylpht'llRlilll' (I(I lul4/kl_ i,ll.I (I"1, ill till,_ h,si.nt'd
in lhe ril_ht M I:II whh 6-( II I-I )A (dlliwd lille) .r 5,6-1 IT (,_.lid liilt,). .el,(1 II

(hi the ilhrt.iSSil i._ indiclilcd liie lilllt, lll'tt'r drll_ ill)lllication. ()n Iht' ordillllh', lilt lit I)A
h_tt.nsily of tht. t'il't'lill_ iS giVt'll [1.%' the Iltlll_|lt'l + Ill ItII'IIS/2 Illill t'lltlllied ever V _ Illill (lllt';ill_4

('if" $- JO llllim:lls). :injccl
The S.l':.M.'s life indicated bY small poinls or circles. The ell'eel of hahil_eridol ( nll_.k_ l'ffcct

i.p.) injcct/'d 15 rain after aporn'orphine and I0 rain after I,SI) is shown in A .and C on the
riRht-hand side. _)f N/

The hars hlbelled II and c indicate the turnln_ activity in thc two izrotlpS (if flits, 30 mln ()ll
after liponiorl_hhlc or ]2_ rain lit'let I.._1) ri'._pectivt'ly lind the hlirs lal..llcd b illltl _.1 the
tllrnhll_ iletivity Ilnder the effect (if" halopcridol. Me'in I S.E.M. (N 101fire girt'n. In Jill dcpIc
CilS(?sthe differences between il. h and e, d lll'e significant (p - 0.001, _ttldent'8 I-If'St :infcrl
two-tailed).
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:llonoomim, I_,ds" a[h,r itiierlion of/Ili,'B _vilh 6-()II-IL.I.

6-OI1-1)A (3.5 ttg i,h 4 i,I) injccwd into the M I:II elicited a quite selective and

ma,-kcd decrease o! the tclcdicnccphalic NA and I)A (by 78 ". and 87 "A,

respectively) 10--12 days after application, whcrcas the 5-IIT level was only

slightly att'cctcd (Fig. I (').

IJrt(_,-imlured rirrli,g ,J'tcr 6-()11-1),.I h,si,,.

- Ap, mmrphinc (Fig. 2 A), piribedil (Fig, 2 B), I,-I)()PA, I,SI) (Fig. 2 ('),

crgometrine (l:ig. 2 I)), erg.corninc (l:i_.2E), d-mcthanq_hctamine and
meth._ll_hcnidate (Fig. 2 I"), at the same dose used as in the 5,6-liT-lesioned

rats produced rotati-n patterns, similar in <reset anti directi_m t,, those observed

in 5,6-1lT-injccted animals. In addition crg_cristine (Smg/kg) elicited

contralatcral turning app,_ximatcly 30 rain after applicati_m alld lasting m,rc
than 2 hr.

Sham-operated animals'.

Animals in which the MFtl was injected with 5-11'1' aud I)A equinmlar t_

10 Bg 5,6-11'1" and 3.5 t4g 6-Oltt-l)A in 10 and 4 tLI solvent rcspcctivcl.v, slu_wcd

tl,_ tcndcnt.y t_l r_btatc after aimnlorphinc (5 illg/kg), LSI) (0.2 mg/k g i.p.) and
d-mcthamlfiwtamine (5 mg]kg),

I_.iJ)'erlty" hah_periehJ on drug-induced rolalhm.

.- I lahq)crid.I (I mg/kg i.p.) adnlinistcrcd at the time of peak rotational activity

of apumorphinc (Fig. 2 A), I,SI) (Fig. 2 ('), ergmnetrinc ;.tilt[ d-mct|mmphct-
amine, signiticantly reduced tlw rotati,mal behaviour in b_th groups nf lesioned

- animals.

Discussion

As rcptJrtcd prcvi_msly, in rats injected into one M FII with 5,6-IIT, the level

of I)A iliad 5-11'1" in thr Icsitmcd Iclcdicnccphahm was matkcdly dcc,'cascd

10 days after applicati.tl: this effect was related tt_ antcrogradc fibre degeneration

(43). This finding contrasts with that after the intravcntrict, lar applicati.n of

5,6-}t'1" which induced a quite selective depiction _lf 5-HT (42). The lowering

of I)A and 5-HT is still present and marked 170 days after the h_cal intraccrcbral

injection, indicatint_ a hmg-lasting and prcd, al_ly |,-reversible damage. The
ell'cot ot 5,6-11'!' seems It_ be restricted to I)A and 5-1 IT nt'urt_ns since the level

of NA is -nly slightly chan_.cd.

()n the t_thcr hand, the fact that both I)A and NA but n_t 5-tt'1' arc strongly

depicted after application tff 6-()|I-I)A at the same site in M I"B, supports the

inference that the twt| ncurotoxic agents induce a quite specific fihrc degencra-
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ti.n. The conclusion that 5,6-11T, at ;lpprt)priate d(;ses, dries not destrt_y tm the

the NA system iv rcinfilrced by the finding that this a_ent, in cnntrast sUpcrse_

tt) 6-()II-I)A (unpublished resuhs), when _q_plied in the NA dorsal bundle, (4, 51),
th)es not pr_duce ;I lowering of N A (43). ill it,t:t

In adtlilion tilt two neu|'tlt|)xic a_ents ttpplitd in lht M I:11 at h)wcr ctmcen- ;rod !,-I
tr;|li.ns (2 it_ 5,6-1tT/10ttl t)r 1.7 tL_ 6-()11-1)A/4 itl) indt|ced bi.chemic:d cithtr t',

el|_lri_cs ;rod |ot;|thm;|l rcsponsts t_, ;|pt.|u|rphi|lc and ,I-mctlmmphet_mfitlc c.m- | rl_t'rsi
p;lr;,l_le to tl.lst obt;fincd by injcclin_ hi_htr ctmcenti';ititms ( 10/_ .S,6-1I'1"/I 0 I_1 _1e_|ttch

or 3.5 ttl_ 6-()t1-1)A/4/tl) (42, 43 _md unpublished resuhs). With these h,wer l'(.'Sp()ll St

ctlncentrations, _lceordin_ to St)tth) el ol. (45) and A_itl e/ al. (2), it can be In _l_r
;issumcd, :fl Ic;m! ff)r 6-()II-DA, tlmt n q.itc elective de_e||tr_|fhm I:lkcs place. |01c t;f r

The dett|',|,in_|ti.n _)f the ;|ctlylcholine level ;,nd of lhe aettyleh¢,li.tster_l,_e (_11), .

_clivily in lhc r;ll slri:_lum (."1.._t_!,/41tl 6-()II-I)A i. MFil);..I Ihc _,hlnmtic ;,l.,,u,,,. I
;_chl dec'.|rl_,)xyh|sc ;rod cl.)li||e ;Icttylast ;,clivity (I0 it_ _,6-I IT/I() itl i,_ M I;11) fl_! III-l

dr) n,)! imlic;_t,_' ;m unspceilie d;mm_t .f the th.lincr_ic .r _:d_:..'r_ic lil.'ts _,1 lhis t

(]_li_hler ;tml ,_t;..ller. p_..rstm_tl e_muminic;_li_ms), pl_)tlllct'
ltowever, the t._ssiblt tncro_chment .n ()ther ascendin_ _|nd/or desctndinl_ ()ur r_

neu|'o|l;|l p_thw:_ys by the nturol.xic a_ent cannot be completely |uh'd t)ut ;|i)d its ._
(36, 37), t|!tl..iRh Iht difference ill lindin_s bc'lwetn Ihis _||lth,)r tltid ¢,the,_ (7) _i.)ihu" !

c.uld be expl:,intd by the f;!el lh_fl the hmtrs trove used ;_5 limes less toncen- _i_l) t,r_
teated stll||tit,n (2lt_/ltl) thlm tlmt f¢)und It) i,rt_duce "ntmSl,ecilic h!shl- ;mim;,Is.
pathohl_ic;d chan_es" (10 tt_/ttl)(7). I;ih't;tl ¢"

Thtrefi)re, ctmside|in_ all lilt I.,ints disctls,_ed ;flmvt, it can be re_|s.|ull_lv _il/t,l|isf
ctmchnded that tile _tpplicati.n .f Ihe twt) ncurt)toxic ;_!l_tnts in M I;il provides mtthvh'!
tw(i re!Idols in which ;I decrt;_se _fl I)A is ;issoci;itcd io_on! c;|se _,vith dtpltti,)|| tU_ t,,xi_

t)f 5-H'I' and in thc -ther case with a depletion _ff NA. Anim;ds t)f bt)ll'* _r.ups _;i_s. 'l'h,

nmnifcstcd ;_ simih. short-lastinl_ spontaneous posturul and I.co||.)to|' asvm- with h_d,

meter (tt_ulcncs I_, devil|to or rt)t;Ite low;_rds the lcsi,)ncd side}, which might be sr;|ldicd

inttrpret_'d :_s n resuh _,f a lrtmsient prcdumin_|nce t,t I)A .ctivity iv_the intact cit,'li.ff,
htmisl_ht'rc, ctmlpcnsalin_ f||nclit)||:dly wilh lh.e. :m,l d,'li

()n the tflhcr h;i|ul, lhc "p;_r;uloxic;fl" r,_l_|lit_n, _ppc:lrin_ in rcsp_msc t_ Wilh Iht'

strtss 3 4 wttks ;|fief tilt oper;llhm, miycht be cormccted with lht. accele||lttd xv_lssh.i
!||mover of 1)A t)bscrvcd in the few dop;|mintr_ic neurons !hat are slill int;_ct ;rod witl _

;flier intr;mi_cr;d init'ction of 6-()I I-i)A (I). In f;ict, the ;|pl_r.xi|t|atcly 3.500 DA I't,et-pl t )l's

Ftelll'Ons ()f u_lch sul)st;mtia tli_t'_| have _ltl unorlllt:*llS i|tllllhtl" ,)[ it'l'lllilllllS with ;! I()|;llil)llll

- high dt_rcc of divergence, i.e. _isingle cell in lhe stria!urn p|-,)l_;|bly ,-cccives I)A see,us h*

termin:ds t'|'o||l dill'trent I)A neurons (_). An tnh;mctd |'eh:;|st .f I)A within V_l.,rled
such ;t llt'lWt_l'k ill It.._pt)r)st' tl_ sllt.ss _))l the side t_l ¢.h'llt'l'V;lli,_lt supcr_;c_)silivily dilltillllfi

c.t,ld rtsuh in ;ibrupt, very sl.)rt, dt,p_imi||e|'fCic i.'edo|||i||;mct on this side. ;tml c_flc_

In c,;nch_sion, ctmsideri|_ sp_lnl;Incotls p_)sltlr;_l :rod h)coln()t(_r ;Isyllll_lctr.x 8 r;lls (It

trod p;_r;_doxical rot;|tion, both Rr_)t_ps of r_ts bclmvcd simih_rly t. ;mim;ds l0 hr i_t'

lesioned with 6-()Ii-I)A in the suhsl._ntia ni_ra (50, 51). 0.2 m_/k
1)ru_-induccd rt)l_|titm;d bclmviour in b_)th ;,nim;,I m,;dels v_as i_vcsti!_;_tt'd _tst_lls;).

usin_ .'IS crilcuia the tlileclitm, tlur;llitm ;llld inlcilsily ,)t iol_llitm h_ bc expected sh_)ll ;lilt
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++ supersensitivity) nncctm.im_ uf acti<m _tltdrn_s actinR _m d.lmmit_cngic junctions

_ (4, 51).

Injccti,ms <if d-rncthaniphctanlinc, nlcthylphcnidatc aptlm,lrphinc, piribcdil

+ and I.-ll{)l+A i_rotluccd c,nqmr'.ll_lc r,ltati,m in rats with MFII Ic.'_ioncd by

either 6-()11-I)A ,n" 5,6-11'1'. The rcsp.nscs wcrc silnilar to those rcp,ntcd by

[ :lll#,t'lSlt,th i,I ill (51) t'lil' r:lls ivljcctcd tilt. the SN with 6-( II I-I)A. I lahllwrid,d ,

:1 c;tlt't'hlll;ll<lillt'l'l_it' lll,lt'l_.illg ;l12t'lll , rcthlci'd, ;I,s was Ill bt' t'xI)CClCd , Iht' IIIl+llill_

I't'slll_lllSC illsl) ill t)lll" t_Xllttl'illl('lll;ll ,.'Olldili¢illS.

In agrcclnclll wilh prcvititi_ studics (30) _,nr d_lta sccnl to cxchitlc nn illhibitory

I'+dc uf the 5-lIT systcnl ,hi lurninl4. ()n the .thor haild, as ah-cady l,_lsltilatcd

(50), a NA nlcchalfisnl nlit_ht bc inwdvcd in r, tati,mal rcspimsc, since

ap,ml,irl_hinc alld pirilicdil induced a sli_hlly higher r-tail,real rcsp_msc in

6-()1 I- I)A lhan in 5,6-11'l'-h-siuncd rats (Fig. 2 A, II). ! [_,wcvcr, the significance
<it" this dil[crcncc is llilCSiiqliialllt! liccliiisc lilt' twtl ncur<it<lxic attests did not

lll_lihicc idcliliclil dalilat_c lit I)A neurliliS (sol.' I:il4. I).
()ur results show Ihal ill both ni{idcls llit! pCl)tidc-t_Ytlc tq14<li all_ahlid I:i-i_oc<lrninc

and it_ anal(il/,tic 2-1ir-_-urgocl)lltintJ _,'Cl-C ablc itl indiicc C(llltr;llalcllil r(ihlli<lns

similar to that fllllnd t_rox'iiiusly witll li Icsiun (if tile subshii_tia nil_l'a (I I). AIs<l

xvith i,l-_<iclirnillC 6-()II-I)A Icsiiiilcd r.ils llllncd liil)l'C Ih,ill 5,{i-II'l'-Icsi<nlcd

allhlials. The alllillC crlgill iilkill<lid cr_illliClrinc inthlccd il hin_-Iil_lili_ c<lnila-

liih'ral circlhll4 lhlil wlis aiil;il4<lniT, ctl liV htil<illcriih)l , ilidicatinl4 dilllaniint;rl4ic

iil#,<liii.,il lirOlicriic8 as prcviilusly rcliili-lcd (52). ['_rl/,<lliiClliliC illltl its ali.'ilol._,ilC

-- lliclhylcrRlJlilctrinc at tile thlsc able Ill indllcC riilali<in (5 nll4/kl0 arid which was

n<ll l<_xic ill nllrmal allimals, prodtlccd a mortality uf 40 50 'I,, in the lesioned

rats. Thc lethality was further increased wlicll tlicsc drugs were applied t,il4cthcr

-- with hahlpcridill lind ihercfilrc in thi. case the turning antagonlsni clnlld not be

sttidicd in cxIcnsll, l'_ll_llcri,_iinc , anlllhcr Cll_,lil dcriVlilivc capablc ill indticiii7

t'ii'u'lillt_, shllwl'd a Icss Ilrlnilltllitrcd lilxicily (abilul 21)",,). 'l'hc crl_ill iilkahlids

alid tlcrivalivc._ it!_lcd hiid ii ililill_.t:ilI.y hml_t.r-laslinl_ t.l[ccl llian allolliOl-lli/ilit,,

wilh Iht! iillliilllc cXCClliitlii <ll" 1,½1). Thc clinlralalcral circiinl4 ilidilcctl bv I,,_1 )

was similar hi <lliScl, hilcli._ily aiid thirlllinli in rals injcclcll in M I.'11 wilh 5,(i-I IT

iiiid with 6-()II-I)A. 'l'his S<ll_14¢t_t_, thai 1,_1) acts llrilnlilil), [i), _lillitilalili_ l)m

rtJci:llttlrs. 'l'tii._ assiiniplillli is l_trl!lit41y slll_slaliliatcd hy ihc bl.ckadc .f Ihc

rotational effects of I,SI) by halopcridlJ]. A prcsynat)tic site _I" action <if I,SI)

s¢cnis inlt)robable , althoulh a slil_ht depletion <if I)A by this dl+u_ has been

rcp_lrtcd (14). In fact, 4hr after a-nicthyl-1,-tyrosinc (200m_/l<_ i,p.), nu
dilninutitln <ll" l._[)-indnccll i<ltation was seen> dcs|_litc lhc ]_ll'<lnl)tiilccd sedation

and catcchohimilies depiction in the whole {'N_ (34). hi addition tw_ groups of

i"ils (lesioned in MFII with 5,6-ttT llr 6-OIt-I)A, respectively) pretreated

16 hr bcfilrc with 7.5 nll_,kl4 i.p. rcscrl)inc showed a ctlntralatcral circling after

0.2 nlt41kl_ i.p. I.SI) sinlilar to animals with<lut prctreatnient (unpublished
rcstlhs). The thiralitlll <if the L_l)-induccd c<_niralateral r<ilalii_n was rather

sh<lri lind aRrccs tlilitc well with the half-life uf the drug in the braili ,if rats. In
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filet, a peak of r_tath_nal activity was observed at a time when thc

nl:ixinnal conccntrati_>n _ff the drug in brain was reached, 10 15 mln at'let i.p.
in.icction (39). The ,'_tati_m decreased gradually and ceased aficr 50 60 nfin,

which is a little hmgcr Ih_ln the thllc _1: the disal_l_carant:e -I I,,ql) I'r.n, Ihc rat

brain, rcp_rtcd to bc 30 rain (39). I_ic_chcmical rcsuhs indicating rcducti-n ot

I)A turn,wet (13) tend t_ [urthcr support that crgonlctrinc :lnd I,SI) stimulate
I)A receptors.

The possible role of 5-HT on rt_tation activity is n_t clear, since there arc

s_mc i|ldh'ati_ms tllat a 5-ltT mcch_mism could be iwd_ibitory f_n h_c_,nl_ti_,_

in rals (29, 33) anti that in the cat 5-lIT h_cally applied in the antcrovcntral

area _f the head _)f the call(l_llc elicits a peculiar slcl-_llyl_,(I I_clmvi_mr (9).
M()re_ver I_iochemic;d tindi,lgs io_the I;ll slIIIW Ih;ll brain 5-1 IT and 5-h_¢dr._'_y-

- ind_,lacclic acid cuuld bc hlcrcascd by al_,m_,_rphinc , btll only in the

case thqmmincrgic rcccpt,_rs wcrc .H_!blocked by sl_irt_pcrid_l a._d i_imozitlc (22).
Ih_wcvcr, using rals lest.ned in _I FII with 5,6-1 I'1' wc wcrc unable to dc,n_m-

stratc a possible inhibit_ry role _ff 5-lIT ,m t!lrninl_, _illec prctreatment _ith
P('PA in one case or wilh I,-SHTP in Ihe other, did nt_t "per ,_c" induce circling

and did not m_dify the r_tati_mal e|t'cct of d-nlclhaml_hctarninc, apomorphine

and I,SI), ahhough thcm_ prclrcattncnts were quite ettcclivc in decreasing
or increasing rcspcctivcly the rat brain 5-1t'1' (27, 12).

We wcrc unable t_ ind,,cc circling cither by th'llgs s_q_p_scd 1,1 slinnllat(!

(N,N-dimct hyltryl_tanfinc, quil_axinc, I,-51 l'l'l')or hh_ck (B()1 ,-148and mcthyscr-

gidc) ccnllal 5-I1T rcccpturs, _,-by mescaline, a i_hcnylcthylaminc with

hallucin_gcnic iW_l+crlics, lh_vcvcr, qtfipazinc ind|lccd a stl'ollg t_t_slund

:lsylnlnc|l'.V I_wards the lesioned side that is not readily Cxl_hlinablc even in the

li_zh! ,_f a I>_ssiblc intcracti.n witl_ I)A rcccpt_rs (21).
I lnlike the t_lcrancc in bt.havi_t_ral and aul_n,_mic el]cots I_'l'_rlctl t,i oct-lit

with I,SI) (20), wc wcrc unable to clmngc tlw rolati_mal rcsp,nsc t_ I,SI) by

5 subsequent daily injccti_ms of 200/_ ,_I'the th'u_.

The finding that I,SI) has I)A rccc|Hors stimulating properlics seems to Iw of
particular interest since s_ far this p_tcnt hallucin_gcnic drug in man _wls

generally regarded as mcrcly acting on 5-1t'1' neurons (19, 3). On this basis
the psych_t_mfimctic properties _ff I,SI) which, as well known, are counteracted

by ncurolcptic drll_[s (15, 31) shouhl bc c_msidcrcd als_ iv1 the light -f a

th_t_ar|fincrgic implicaliun. In this c_mnccti_m a p_ssiblc inw_lvcmcnl .f the

d_pan|incrgic tcrminal_ .f the limhic cortex (47, 23) alld/,H _1t the retina (16)

could bc ,_f iml_ortancc in the |l|cchanism |lnde|'lyinl_ lhc .}ccnrrcncc 111"halht-
cinali_ms after I,SI) in man.

In c()nclusi(>n our data ()btaincd with a new, more differentiating rotati_)nal

rn()dcl confirm and extend the n_lion that many erg_)t alkaloids and de|'ivativcs

act as I)A agonists. Thcrcfl_rc, a ll|_rough invcstig|lli_n _t' ,_thcr crg,t anal_tlCS

c_uhl iw,_bably lead t_ less h_ic and nllll-c llCfiVC e_lllJt'lllllf|tls, Thc exl_t'ril_wnl;il

approach Ilsctl hcrc suggests that NA bul n_l 5-lIT pathways c,_tlltl tnodulalc
turning behaviour.
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hi general, c_m,,,iderillg the recent findings ,f llutchcr et al. (lg), the poiutIt'

,ff the sch'cli_it) -f IIcuroloxic t!l|'12CI I)t" 6-()II-I)A is still COIIIl'OVt:l'Siil| ;llHd
Im.

uccd._ I'ulthcl" ;.isst!SSlllt'llt. Aliyhliw, thlc to the biochcluical aiid i_llarinacohlgical
],

11 tilidili_,8 rCli_lrled, wc feel that the dolianlinerl4ic 8y.'ilelll may play a nlllior role

it in circling behaviour hi the rat; however it cannot bt: excluded thai olhcr
lnechanisms rnigllt be inw_lved in the integration ill nervlltis activity subscrvirlgit'

_ tUl'rlin t llchavilitir (37).

'L'

..|ckl.lll>h'dgclllultt.t" _lVt' ihilllk I'lr. A. I{iii_t'i" o1" list' (!hl.lish'ill Rt_scai-c|i ])t'l_iiriislt'lil ,
li

I". IhllliiSlilill-l.a IIocl.' & ('o., I,id., Ilaslc, fill .'iylillst'siZilil4 5,6-11T iiml 6-1)Ii-I)A,

il - |slid ,lqltlidliz (_tl., Ilaslc, tllr ihc igt:lil-'llJtis gift of sllSlll2 t.l'glll alk,iloids liild dcrivlilivcs.
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