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A Comparison of Drug-induced rotation in rats lesioned in the
Medial Forebrain Bundle with 5,6-Dihydroxytryptamine or
6-Hydroxydopamine

M. Querp L. P ('), Ao Saner, M. DA Praba AND W. Hagreny

Dept. of Experimental Medicine, F. Hoffmann-1a Roche& Co. Ltd., 4002 Basle, Steitserland.

Abstract - Drug-induced rotational behaviour was studied in two groups
of rats with differing chemical Tesion of the right medial forebrain bundle
(MEB). 6-hydroxydopamine (6-O1 I-DA), 3.5 pg, injected in one group,
induced a marked lowering of dopamine (DA) and noradrenaline (NA)
in the right hemiforebrain, 5,0-Dihydroxytryptamine (5,6-11°1), 10 pg,
injected in a second group, produced a profound and long-lasting
depletion of 5-hydroxytryptamine (5-1TT) and DA, but not of NA.

Rotational behaviour induced in both groups by DA receptor agonists
(apomorphine, piribedil, 1.-DOPA, ergometrine, crgocornine, 2-bromo-
a-ergocryptine, ergocristine, methylergometrine) and agents releasing
DA (d-methamphetamine, methylphenidate) were qualitatively identical
and quantitatively very similar, suggesting a minor role of 5-11'1 striatal
terminals in these experimental conditions. 1.81) induced contralateral
rotation by direct stimulation of the DA receptor, while 1.-5-hydroxy-
tryptophan (L-5IT1'P) was inactive.

Introduction

For the study of the relationship between neurotransmitters derangement and
Parkinson’s discase, animal models based on localized lesions in the extra-
pyramidal system have been developed in recent years (35, 4, 32, 51). A common
feature of these models is the unilateral impairment of the dopaminergic nigro-
striatal pathway by cither electrolytic (4) or chemical (48, 49) or functional
lesions (26). The resulting imbalance between the dopaminergic activity in the
intact and in the impaired striatum leads to a spontancous or drug-induced
rotational bchaviour. So far the approach imitating best the situation in
Parkinson’s discase has been the chemical lesion induced by stercotaxic injection
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in the vicinity of dopamine (DA) cell bodies of the substantia nigra (SN) or of
the DA axons at the level of (e arca ventralis tegmenti or of the lageral hypotha-
lamus with small amounts of 6-hydroxydopamine (6-OH-DA) (49). Degener-
ation induced by 6-OH-DA resulted in a highly selective depletion of DA,
accompanied by a decrease of noradrenaline (NA) when the injected site was
close 1o noradrenergic fibres or eoll bodics (49). However, Parkinson's discase is
associated ot only with 5 deficiency of DA b also with a reduction
of S-hydroxytryptamine (5-111) in the striatum, while significant alterations
of the NA level are present mainly in the hypothatamus (17, 6, 24). Morcover,
according 10 recent findings in different experimental animals, the striatal
dopaminergic function seems to be interrelated in some way with a S-hydroxy-
tryptaminergic mechunism (22, 9). T'herefore an animal model with 4 unilateral
concomitant lowering of DA and S-IFF appears 1o reflect more closely the
monoamimergic derangement observed in Parkinson’s discase and ta be more
appropriate for the study of a possible functional relationship hetween these two
nearottansmitiers in the striatum,

Recently it has been shown that 5,6—dihydruxylr)'planhinc (5.6-H'T) sterco-
taxically injected into one medial forebrain bundle (MEFB) of rats produced a
fong-lusting depletion of hoth DA and S5-I, but not of NA (42, 43). Hence, in
the present study, the spontancous and drug-induced rotationg behaviour of
rats with Iesions induced by 5,6-H'I' was compared to that vceurring in animals
injected in the MR with 6-O11-DA.

For the Ccomparison of the fwe animal mindels drugs were used that were
alrcady known 1o a0t on the dopamincrgic Junction cither presynaptically
(methamphetamine, methylphenidaie) — of postsynaptically (apomorphine,
L-Dopa, piribedily (4, 18, 10, 51). Some ergot alkaloids and derivatives that
liave recently been shown to stimulate direetly DA receptors (11, 52) were
included. Iy explore a4 possible involvement of e 5-HU1 system i rotational
behaviour we studicd L.SD and N.N—dinn-lhyllrypl;nninc, hallucinogenic indole
derivatives postulated 10 stimulate §-11°)° reeeptors inthe central nervous
system (25, 46) and reported (o indaee stereotyped behaviour in rags (15).
BOL.-148, 4 congencer of LSD devoid of hallucinogenic activity (40, 41) and 2
botent antagonist of 5-11°T iy, peripheral tissues, as well as quipazine, » compound
postulated w stimulate central 5-H'T reeeptors (38) and possibly also interacting
with the DA system (21) were also investigated,

Methods

Animals and criterion of selection,

The stercotaxic operation was performed on SPT muale rats from the stock
Fiillinsdort albine with » weight of 150 | § g. Afier 10-12 days the operated

Sanimals were tested for rotation activity by injecting apomorphine (3 mg/kg

ip.). For further circling  studics only those responding  with  at Jeast
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20 turns/2 min (1015 min after apomorphine injection) were used. Approxi-
mately 50 9, of the operated animals failed at this criterion and were discarded.

Stereotaxic lesion.

The animals were operated in a David Kopf stercotaxic instrument under
anaesthesia with sodium pentobarbitone (45 mg/kg i.p.). Some of the animals
were anaesthetized with halothane in order to study the spontaneous behaviow
immcdiately after the operation,

Intracerebral unilateral (right side) injections of S,6-11F (10 pg as base in
10l solvent) or 6-OH-DA (3.5 pgr as base in 4 pl solvent) were carried owt
through a stainless-steel cannaba (diameter 0.3 mm) connected to a microsyring.

As solvent, Ringer solution containing 0.02 ©,, ascorbic acid was used. "The
liuid was injected at a speed of 2 pljmin for 5,6-1VC and | pudimin for 6-011-DA
by means of a high precision infusion pump, following a technique already
described (43).

In order to deposit 5.6-111T or 6-OH-DA in the vicinity of NA, DA and
S5-I pathways in the MER we used the following coordinates: A I 3.8 mm,
L. (right) 0.9 mm, V 33 mm according to the Atlas of Kinig and
Klippel (28) as previously described (43).

Histological controls were randomly performed only in order to confirm
the localization of the cannula. We found a good correlation between the correct
localization of the cannula and the positivity of the sclection eriterion
of apomorphine-induced rotation,

Recording of rotational hehaviour

The experiments were performed on 85 rats (63 injected with 5,6-1T1 and
22 with 6-O11-DA).

The circling behaviour was measured as the number of turns performed by an
animal during a 2 min period. The rats were placed individuatly in perspes
cages (base 35 em - 20 cm, height |5 cm), immediately after injection of drugs.
T'he measurement was started 5 min after the drug administration and performed

every 5 min for a period of 2 min, extending over 1 hr, or longer, if necessary.

Biochemical analysis.

1012 or 170 days after the lesion the animals were killed by decapitation
and two pooled hemitelediencephala were analyzed for 5-11°1Y, DA and NA (44).

Drugs and solutions.

The following drugs were used: d-methamphetamine HCH methylphenidate
(phenyl (ce-piperidil) acetic acid methylester - HCD, ESD (d-lysergic acid
dicthylamide bitartrate), L.-Dopa (3,4-dih)’dmxy-L-phcn_\'lnluninc methylester
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“HCe, 5~h_ydm\y-I.-trypruph:m cthylester . Hey, benserazige. (]—I)L~suryl~2~
(2,3,4»lrihydrn.\_\l»cnz)‘l) hydrazine - He, apotnrphiyge - Hey, Crgocorpine
binmlmw, mrllr_yh-rgmnrlrmc himulculc, Mmescaling (3,4,5~trin)clhnxyphcnclhyL
amine - 1), Pepy (p»chluru-I),I,~phcnylulaninc methyfesgey - Hepy were
dissvlved iy, distille water, lirgmm-u'inc, “rgocristing, 2-Br-(x-cl'gucryptinc
mulhansulﬁmutc (('B—154), mcthyscrgidc (N-mcthyl-(/-lyscrgic acid bytypel.
amide), BOL. 144 (2~lmmu)-r/—lys.crgic acid dicthylumidc bimrtr;xtc), bary
(I\?,N«dimcthyl—lr‘\'pl;nnim--!I(‘I), Quipazing (2-(!-pi;wmzin_yl) Quinolin, e
ate) and piribedi (l~(2"«p_\'rinu'di!)—4—pi;wrtm_\«'lpi,u-mzim-) WEIC suspendeq in
5 gu aeaciy,

All substancey Used wepe oof analygicy) grade, "' eported Joges of drugs
refer 1o the salt and ywep, injected ip.in g volume of 0.2l 100 8 One week
without Ueatinent yyq allowed between drug adminislrutiuns.

Resuylts

Monoamipe levey after nfection of Mg with 5,647 7.

10 12 days afier Unilistergg injection of My with 5,()-“'!', a4 sclectiye
of S-H'I" apg DA g obseryed iy, the lesione tcludicncvphulon (a8 compare to
the ingaet side) of animals gy sclected gp the basis of their Fotationg| response 1,
apomiorphine 3. In gy selected aceording ¢, their tesponse ¢, .'apunmrphinc,

5-01 ang DA wepe Still lowerey fespectively by 700, and 930 170 days afer

depletion

the Jesion, Whereas NA was only slightly alfected (lig, |, a, b),

Posturqt and locomgey “symmetry rals lesioney with 5,64 M or 6.¢ W1 g

Raes injecte with cither 5.6-HT ) 6-O11.na showed Marked Postury)
BSymuetry 404 fotation ipsilatery] to the lesion, g, recovery from h
anaesthesiy , piuching the il enhanged these dhomalics, f;g
behayioy, slowhy disappeared Quring 1)y, subsequeny 10 days,

In addition , Totatiag, lasting 3 3min yng direete cunu'ul;m'mny to the
lesiog, appeared 3 4 Weeks gy, the lesion, tn Fespanse 4, sudden gipegq (e

plmfing the aningg) N pew cnvirumncm or hum”ing for injc(:liun) andd persisteq
afterwag |y,

alothype
sp(mmncnus

On the basis of the early ipsilatery] and the 1y, contrularer,) ASYmmerpie
!u-huviuurs, CHTTIVET injected witl 6-O1-p3 Could p; be differeny;,
those lesioned with 3.6-HT

Circling afler the lesion iy, Sa6-117

Dryy, 1}1{/«(‘1’1{{! ontralaterys rotation ¢ fotgrds th, non-lesioney side). A frer
5.6-111, the application f 4Ppomorphine (1 mg/kg) induced 4 otation w el
stirted ;lp;)mxiumtcly 3 min (abour 29 turns jp > min) an ceased 90 )2 niin
after ()¢ injection (Fig. 2A). I'he inlcnsity of the turning behavigyy using
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apomorphine in amounts higher than 1 mg/kg was not dose-dependent, due to
the concomitant appearance of other stercotype signs interfering with turning.

Piribedil (25 mglkg) clicited rotation 5 min after drug application, with
relatively stable and long-lasting (up to 6 hr) turning (Fig. 2 B). [.-DOPA
(15 125 mg/kg) after pretreatment with benserazide at a dose (50 mg/kg) that
jnhibits sclectively extracerchral DOPA decarboxylase produced a rotation of
rapid onset and of 120 min duration (10 animals). L.SD (0.2 mg/kg) induced
circling approximately §nin after the injection which ceased 60 min afterwards
(Fig. 2 V). After repeated application of LSD (0.2 mg/kg once a day for 5
days), no reduction or suppression of turning was noticed. Ergometrine (5 wmg/kg)
initiated 15 30 min after application a long-lasting rotation (up to 180 min).
The peak of rotational activity (30 turns/2 min) was reached approximatcely
| he after drug injection (Fig. 2D). Ergocornine (5 mgfkg) clicited a long-
lasting (more than 3 hr) turning, beginning 5-10 min after the injection
(Fig. 2 19). 2-bhromo-a-crgocryptine (5 mgfkg) initiated turning  between
70 and 120 min after administration, with a duration of more than 3 hr.
Methylergometrine (5 mg/kg) was also able 1o induce rotation, reaching its
peak (about 40 turns/2 min) 35 min after injection, with a duration longer than
| hr (7 animals). All'7 animals dicd 5-6 hr after the injection, while all unoperated
animals survived after the same duse. | ng/kg was not toxic but also unable to
elicit rotation.

Dyugs inducing ipsilateral ratation (towards the lesioned side): d-Methamphe-
tamine (3 mg/kg) clicited turning which began about 10 min after injection
and lasted longer than 60 min. Methylphenidate (10 mg/kg) induced rotation
with a somehow quicker onsct than d-methamphetamine, an essentially similar
duration of action, and an intensity reaching a plateau of about 10 turns/2 min
after 20- 30 min (Fig. 2 1)

Drugs nat inducing circling:  Quipazine (10 to 20 mg/kg) cvoked a pronounced
asymmetry towards the lesioned side but no rotational behaviour. BOL-148
(20 mgikg), DT (1 to 7.5 mg/kg), mescaline (5 to 20 mg/kg) and methysergide
(30 mg kg) were inactive, up to 3 hr atter the injection,

Lffect of PCPA or 1-SHTP on turning.

Lowering of the cerebral S-H'F by PCPA (4 consceeutive daily 1.p. injections of
100 myg/kg) did not result in votational behaviour. Administered 16 hr after
the last injection of PCPA, d-methamphetamine (5 mg/kg) induced ipsilateral
rotation, while L8D (0.2 ing/kg) and apomorphine (1 mg/kg) induced contrala-
teral rotation. These turning curves did not show any appreciable difference n
comparison to those obtained without pretreatment of PCPA. Administration of
100 mg/kg L-SH'TP to animals pretreated with benserazide (50 mg/kg) did not
result in any locomotor effect. In addition this treatment was unable to modify the
turning behaviour clicited by LS (0.2 mg/kg), apomorphine (1 mg/kg) or
d-methamphetamine (5 mg/kg) injected 60 min afterwards.
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Fig. 2

Contralateral rotation elicited by apomorphine (1 mgikg L) (A); pivibedil (25 mg kg
ip) (B); 1.SD (0.2 mg/kg i.p.) (C); ergometrine (8 mg/kr i p) (D) erpocornine (5 mg kg
1.p.) (K), and ipsiliteral rotation afier incthylphenidate (10 mg/kp L) (1), eats lesioned
i the right MR with 6-O11-DA (dotted tine) or 5,6-11'T (solid line).

On the abscissa is indicated the time after drug application. On the ordinate, the
intensity of the circling is given by the number of turns/2 min counted every § min (means
of 5-10 animals).

The S.15.M.'s are indicated by small points or circles. The effect of haloperidol (1 mg ks
i.p.) injected 15 min after apomorphine and 10 min after 1.SI) is shown in A and C on the
right-hand side. .

The bars labelled a and ¢ indicate the turning activity in the two groups of rats, 30 min
after apomorphine or 25 min after 1,SD respectively and the bars tabelled b and d the
turning uctivity under the eHect of haloperidol. Mean | S.1. M, (N 10 are given. Inall
cases the differences between a, b and ¢, d are significant (p - 0.001, Student's 1-test
two-tailed).
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Monoamine levels after infection of MEB with 6-011-1). l.

6-OH-DA (3.5 gz in 4 1) injected into the MEFB clicited o quite sclective and
marked decrease of the elediencephalic NA and DA (by 78 %, and 87 o
respectively) 10-12 days after application, whercas the S-HI' level was only
slightly affected (Fig. | ).

Drug-induced circling after 6-O11-D.A Jesion.

Apomorphine (Fig. 2 A), piribedil (Fig. 2 B), L-DOPA, LSDh (Fig. 2 (),
ergometrine (Fig. 2 D), ergocornine (Ing. 2 K), d-mcthamphcetamine  and
methylphenidate (Fig. 2 1), at the same dose used as in the 5,6-H'-lesioned
rats produced rotation patterns, similar in onset and direction to those observed
in 5,6-HT-injected  animals. In addition crgocristine (5 mg/kg)  clicited
contralateral turning approximately 30 min after application and lasting more
than 2 hr,

Sham-operated animals.

Animals in which the MFB was injected with 5-H'I" and DA cquimolar to
10 g 5,6-11T and 3.5 ug 6-OH-DA in 10 and 4 pl solvent respectively, showed
no tendeney to rotate after apomorphine (5 mg/kg), LSD (0.2 mg/kg i.p.) and
d-methamphetamine (5 mg/kg).

Effect of haloperidol on drug-induced rotation.

Halaperidol (I mg/kg i.p.) administered at the time of peak rotational activity
of apomorphine (Fig. 2 A), LSD (Fig. 2 (), ergometring and d-methamphet-
amine, significantly reduced the rotational behaviour in hoth groups of lesioned
animals,

Discussion

As reported previously, in rats injected into one MFR with 5,6-11'1", the level
of DA and 5-1IT in the lesioned telediencephalon was markedly decreased
10 days after application: this effect was related to anterograde tibre degeneration
(43). This finding contrasts with that after the intraventricular application of
5,6-HT which induced a quite selective depletion of 5-H'T (42). The lowering
of DA and 5-HT is still present and marked 170 days after the local intracerebral
injection, indicating a long-lasting and probably irceversible damage. T'he
ctfeet of 5,6-11 seems 1o be restricted to DA and 5-111° neurons sinee the level
of NA is only slightly changed.

On the other hand, the fact that both DA and NA but not 5-H'I" are strongly
depleted after application of 6-OH-1A at the same site in MFR, supports the
inference that the two neurotoxic agents induce a quite specific fibre degenera-
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tion. The conclusion that 5,6-111, at appropriate doses, does not destroy
the NA system is reinforced by the finding that this agent, in contrast
to 6-OH-DA (unpublished results), when applied in the NA dorsal bundle,
does not produce a lowering of NA (43).

In addition the two neurotoxic agents applicd in the MEB at lower coneen-
trations (2 pug 5,6-HT/10 pl or 1.7 pg 6-OH-DA/4 pl) induced biochemical
changes and rotational responses to apomorphine and d-methamphetamine com-
parable to those obtained by injecting higher concentrations (10 pg 5,6-11T/10 4!
or 3.5 pg 6-OH-DA/4 pul) (42, 43 and unpublished results). With these lower
concentrations, according to Sotelo et al. (45) and Agid et al. (2), it can be
assumed, at least for 6-OH-DA, that a quite elective degenceration takes place.
The determination of the acetyleholine level and of the acetylcholinesterase
activity in the rat strintum (3.5 pgg/d 1l 6-OT-DA in MIFB) and the glimatic
acid decarboxylase and choline acetylase activity (10 gz 5,0-1080/10 0 in MEB)
do not indicate an unspecitic damage of the cholinergic or gabaergic fibres
(Mohler and Stadler, personal communicitions),

However, the possible encroachment on other ascending and/or descending
neuronal pathways by the neurotoxic agent cannot be completely ruled out
(36, 37), although the difference in findings between this author and others (7)
could be explained by the fact that the latters have used o § times less concen-
trated  solution (2 pg/ul) than that found to produce “nonspecitic histo-
pathological changes” (10 pg/ud) (7).

Therefore, considering all the points discussed above, it can he reasonably
concluded that the application of the two neurotoxic agents in MEFRB provides
two maodels in which a decrease of DA is associated in one case with depletion
of 5-H'T1" and in the other case with a depletion of NA. Animals of both groups
manifested a similar short-lasting spontancous postural and locomotor asym-
metry (tendency to deviate or rotate towards the lesioned side), which might he
interpreted as a result of a transient predominance of DA activity in the intact
hemisphere, compensating functionally with time.

On the other band, the “paradosical” rotation, appearing in response to
stress 34 weeks after the operation, might be connected with the accelerated
turnover of DA observed in the few dopaminergic neurons that are still intact
after intranigral injection of 0-OF-DA (1). In fact, the approximately 3.500 DA
neurons of cach substantia nigra have an cnormous number of terminals with a
high degree of divergence, i.c. a single cell in the striatum probably receives DA
terminals from different DA neurons (5). An enhanced release of DA within
such a network in response to stress on the side of denervation supersensitivity
could result in abrupt, very short, dopaminergic predominance on this side.

In conclusion, considering spontancous postural and locomotor asymmetn
and paradoxical rotation, both groups of rats bchaved similarly to animals
lesioned with 6-OH-DA in the substantia nigra (50, 51).

Drug-induced rotational behaviour in both animal maodels was investigated
using as criteria the direction, duration and intensity of rotation to be expected
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on the basis of the pre-synaptic (release) and the post-synaptic (denervation
supersensitivity) inechanism of action of drugs acting on dopaminergic junctions
(4, 51).

Injections of d-methamphetamine, methylphenidate, apomorphine, piribedil
and [.-DOPA produced comparable rotation in rats with MEFB lesioned by
cither 6-O1-DA or 5,6-H'I. "I'he responses were similar to those reported by
Ungerstedt ef al. (S1) for rats injected into the SN with 6-OH-DA, 1aloperidol,
a catecholaminergic blocking agent, reduaced, as was to be expeeted, the turning
response also i our experimental conditions.

Inagreement with previous studies (30) our data seem to exclude an inhibitory
role of the 5-H'I" systemy on turning. On the other hand, as already postulated
(30), a NA mechanism might be involved in rotational vesponse,  sinee
apomorphine and piribedhl induced a slightly higher rotational response in
6-OH-DA than in 5,6-H'-lesioned rats (Fig. 2 A, B). However, the significance
of this ditference s questionable because the two nearotoxic agents did not
produce identical damage to DA neurons (sce Fig. 1),

Our results show that in both models the peptide-type ergoralkaloid ergocornine
and its analogue 2-Br-a-ergoeryptine were able to induce contralateral rotations
similar to that found previously with a lesion of the substantia nigra (11). Also
with ergocornine 6-O1-DA lesioned rats turned more than §,0-1T7-lesioned
animals, The amine ergot alkaloid ergometrine induced a long-lasting contra-
Lateral circling that was antagonized by haloperidol, indicating dopaminergic
agonist properties as previously reported (52). Ergometrine and its analogue
methylergometrine at the dose able 1o induce rotation (5 mg/kg) and which was
not toxic in normal animals, produced a mortality of 40- 50 “;, in the lesioned
rats. 'I'he lethality was furthicr inereased when these drugs were applicd together
with haloperidol and therefore in this case the turning antagonisiu could not be
studied in extenso. Ergocristine, another ergot derivative capable of inducing
circling, showed o less pronounced toxicity (about 20 ). "The ergot atkaloids
and derivatives tested had o markedly longer-tasting effect than apomorphine,
with the notable exception of LSD. ‘T'he contratateral circling induced by 1.SD
was shmilar in onset, intensity and duration in rats mjected in MER with 5,6-11°1°
and with 6-OH-DA. "I'his suggests thut LSD acts primanly by stimulating DA
receptors, This assumption is strongly substantiated by the blockade of the
rotational effects of LSD by haloperidol. A presynaptic site of action of LSD
seems imprabable, although a slight depletion of DA by this drug has been
reported (14), In fact, 4 hr after a-methyl-L-tyrosine (200 mg/kg i.p.), no
diminution of LSD-induced rotation was seen, despite the pronounced sedation
and catecholamines depletion in the whole CNS (34). In addition two groups of
& rats (lesioned in MFB with 5,6-H'I' or 6-OH-DA, respectively) pretreated
16 hr before with 7.5 mg.kg i.p. reserpine showed a contralateral circling after
0.2 mg/kg i.p. LSD similar to animals without pretreatment (unpublished
results). The duration of the LSD-induced contralateral rotation was rather
short and agrees quite well with the half-life of the drug in the brain of rats. In
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fact, a peak of rotational activity  was obscrved at a time when  the
maximal concentration of the drug in brain was reached, 10 15 min after i.p.
injection (39). "I'he rotation deereased gradually and ceased after 50 60 min,
which is a little Tonger than the time of the disappearance of 1.SD from the rat
brain, reported to be 30 min (39). Biochemiceal results indicating reduction of
DA turnover (13) tend to further support that ergometrine and LSD stimulate
DA receptors.

The possible role of 5-HT on rotation activity is not clear, since there are
some indications that a S-H'I'" mechanism could be inhibitory on locomotion
in rats (29, 33) and that in the cat S-11" locally applicd in the anteroventral
arca of the head of the caudate clicits a peculiar sterotyped behaviour (9).
Morcover biochemieal findings in the rat show that brain 5-1F and 5-hydroxy-
indolacetic acid could be  inereased by apomorphine, bt only in the
case dopaminergic receptors were not blocked by spiroperidol and pimozide (22).
Howcever, using rats lesioned in MR with S,6-H'1" we were unable to demon-
strate a possible inhibitory role of 5-H'1' on turning, since pretreatment with
PCPA in one case or with L-SH'I'P in the other, did not “per se' induce cireling
and did not madify the rotational effect of d-mcthamphetamine, apomorphine
and LSD, although these pretreatments were quite effective in decreasing
or increasing respectively the rat brain 5-11T° (27, 12).

We were unable to indnee civcling cither by drugs stipposed  to stimulate
(N,N—dimcthyltryptﬂminc,quipazinc. L-SIFTP)orblock (BO1L.- 148 and methyser-
gide) central 54111 receptors, or by mescaline, a phenvlethylamine  with
hallucinogenic propertics. FHowever, quipazine induced a strong postural
asymmetry towards the lesioned side that is not readily explainable even in the
light of a possible interaction with DA reeeptors (21),

Unlike the tolerance in behavioural and autonomic effects reported to occur
with LSD (20), we were unable to change the rotational response to 1L.SD by
5 subsequent daily injections of 200 g of the drug.

The finding that LSI) has DA receptors stimulating properties seems fo be of
particular interest since so far this potent hallucinogenic drug in man was
generally regarded as merely acting on 5-H't" neurons (19, 3). On this basis
the psychotomimetic propertics of LS which, as well known, are counteracted
by neuroleptic drugs (15, 31) should be considered also in the light of a
dopamincrgic implication. In this connection a possible involvement of the
dopamincergic terminals of the limbic cortex (47, 23) andjor ot the retina (16)
could be of importance in the mechanism underlying the occurrence of hallu-
cinations after LSD in man,

In conclusion our data obtained with a new, more differentiating rotational
model confirm and extend the notion that many ergot alkaloids and derivatives
act as DA agonists, Thercefore, a thorough investigation of other ergot analogues
could probably lead to less toxic and more active compotnds. T'he experinental
approach used here suggests that NA but not 5-11°1° pathways could modulate
turning behaviour,
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In general, considering the recent findings of Butcher et al. (8), the point
of the selectivity of neurotoxic effect of 6-O1E-DA s still controversial and
needs further assessment., Anyhow, duc 1o the biochemical and pharmacological
hndings reported, we feel that the dopaminergic system may play a major role
in circling behaviour in the rat; however it cannot be excluded that other
mechanisms might be involved in the integration of nervous activity subserving
turning behaviour (37).
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