
J. Pharm. Pharmacol. 1981, 33 : 439-444 
Received November 6, 1980 

0022-357318 1 /07043946 S02.50/0 
@ 1981 J. Pharm. Pharmacol. 

Kainic acid lesions of striatum and decortication 
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striate afferents and striatal neurons 
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Unilateral kainic acid lesions of rat striaturn reduced specific striatal [3H]spiperone and 
[3H]sulpiride binding sites (Bmax) by 52 and 67% respectively compared with the intact 
side. The dissociation constant (KD) for [3H]spiperone binding was unchanged but that 
for [3H]sulpiride binding was reduced. Specific striatal [3H]spiperone and [3H]sulpiride 
binding was reduced by 22 and 37% respectively in unilateral decorticate animals, but 
there was no change in KD. Unilateral dhydroxydopamine lesions of the medial forebrain 
bundle caused no change in striatal [3H]spiperone binding sites or KD value, but produced 
a 27 % increase in [3H]sulpiride binding sites with no change in K,. These data support the 
hypothesis of D-2 receptors located on cortico-striate glutamate fibres, but also indicate 
the presence of both D-1 and D-2 receptors on the cell bodies of striatal neurons. 

Within the nigro-striatal neuronal complex a number 
of different types of dopamine receptors are recog- 
nized by their anatomical location. Thus, dopamine 
receptors are present on the presynaptic terminals 
and cell bodies of dopamine neurons, on the pre- 
synaptic terminals of strionigral and cortico-striate 
fibres, and on the cell bodies of striatal neurons 
(Kehr et al 1972; Reisine et a1 1979; Spanoet al1977; 
Schwarcz et al 1978; Govoni et al 1978). A further 
distinction between dopamine receptors is made 
biochemically; it is believed that there are two dis- 
tinct classes of cerebral dopamine receptors, one of 
which (D-1) is a receptor linked to the enzyme aden- 
ylate cyclase while the other (D-2) is independent of 
this enzyme (Kebabian & Calne 1979). This concept 
is supported by receptor binding data demonstrating 
multiple sites for dopamine agonist and antagonist 
binding (Burt et a1 1976; Titeler et al 1978), and by 
behavioural (Costall & Naylor 1975; Cools et a1 
1976) and electrophysiological experiments (Cools & 
van Rossum 1976; Skirboll &  BUM^^ 1979) which 
also demonstrate the existence of functionally dif- 
ferent dopamine receptor populations within the 
same brain region. 

It has been suggested that the D-1 and D-2 
receptor populations have different anatomical loca- 
tions. Thus kainic acid lesions of striatum to destroy 
those dopamine receptors located on cell bodies, 
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result in a loss of both specific striatal LaHJspiper- 
one binding and adenylate cyclase (suggesting the 
presence of D-1 receptors on striatal neurons). 
whereas decortication to remove the cortico-striate 
glutamate pathway results only in loss of [=HI_ 
spiperone binding but not adenylate cyclase (sug- 
gesting the presence of D-2 receptors on cortical 
afferent terminals) (Schwarcz et al 1978). However, 
the use of [3HJspiperone to label both doparnine 
receptor populations is open to criticism. Thus, while 
spiperone can inhibit doparnine stimulation of 
striatal adenylatecyclase (Hyttel1978), theconcentra- 
tion required is more than 1000 times greater than 
that needed to totally inhibit specific 13H]butyro- 
phenone binding. At conventional ligand concentra- 
tion it is unlikely that PHIspiperone binds to D-1 
receptors to any significant degree. Loss of t3H]- 
spiperone binding sites following lesioning pro- 
cedures, therefore, is more likely to reflect loss of D-2 
sites whether or not it is accompanied by changes 
in adenylate cyclase activity. 

D-1 and D-2 dopamine receptors can be dis- 
tinguished by their antagonist specificity. Compounds 
of the substituted benzamide series, such as sulpiride, 
are believed to be specific antagonists at the adenylate 
cyclase independent D-2 receptor (Kebabian & Calne 
1979; Jenner et al 1978) since it causes no inhibition 
of dopamine stimulated adenylate cyclase activity. 
We have therefore compared the binding of [SHF 
sulpiride (identifying only D-2 receptors) to striatal 
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preparations with that of [3H]spiperone also following 
selective destruction of dopamine receptor popula- 
tions by intrastriatal administration of kainic acid. 
by Bhydroxydopamine lesions of the nigro-striatal 
pathway and by removal of the cortico-striatal 
pathway by decortication to clarify the location of 
D-1 and D-2 receptors in striatum. We find evidence 
for both D-l and D-2 receptors on striatal cell 
bodies, and for D-2 receptors on cortico-striate 
terminals. 

MATERIALS AND METHODS 

Lesioning experiments 
Female Wistar rats (I50 f 10 g; Charles Rivers Ltd.) 
were anaesthetized using chloral hydrate (300 mg 
kg-li.p.) and placed in a Kopf stereotaxic frame. 
Unilateral kainic acid lesions of striatum (A 7.9, 
L 2.6, V + 1.1) (De Groot 1959) were made using 
2 p g  in 1 p10-9% NaCl (saline) (buffered to pH 6-5; 
Sigma Chemical Co. Ltd.). Unilateral lesions of the 
medial forebrain bundle (A 4.5, L 1.9, V -3.0) (De 
Groot 1959) were made using 6-hydroxydopamine 
hydrobromide (8pg in 3p1 saline containing 2pg  
ascorbic acid; Sigma Chemical Co. Ltd.). In each 
case injections were made by slow infusion using 
5 p1 Hamilton syringe with Luer needle(0.d. 0.33 mm; 
i.d. 0.18 mm) at a rate of 1 p1 min-l. The effective- 
ness of the 6-hydroxydopamine lesion was checked I 
week before the biochemical testing by the occurrence 
of marked contraversive rotation following the 
administration of apomorphine hydrochloride (0.5 
mg kg-' S.C. 15 min previously). Unilateral cortical 
ablations were carried out by removal of the over- 
lying calvarium and subsequent removal of the 
parietal and frontal cortex by shallow knife cuts to 
the levzl of the corpus callosum. Following lesioning 
bleeding was controlled by implantation of absorb- 
able gelatin sponge (Sterispon No. 2; Allen & 
Hanbury, Ltd.) and animals received an intraperi- 
toneal injection of ampicillin (Penbritin injectable 
suspension 0.1 ml containing I5 mg ampicillin tri- 
hydrate; Beecham Ltd.). Following surgery, animals 
with striatal or medial forebrain bundle lesions were 
left for some 21 days to allow for neuronal degenera- 
tion, while those animals receiving cortical ablation 
were allowed to recover for 5 days before biochemical 
examination. These timings were chosen to match 
those employed by Schwarcz et al (1978) in their 
studies on [3H]spiperone. 

Unilateral 6-hydroxydopamine lesions of the 
medial forebrain bundle were accompanied by a 97 % 
fall in ipsilateral striatal dopamine content (0.47 f 
W12pgg-' compared with 14-1 & I.2pgg-I in the 

intact forebrain; P <0.05). In addition, these 
animals showed pronounced contraversive rotation 
to apomorphine hydrochloride (0.5 mg kg-' S.C. 15 
min previously), and ipsiversive rotation to (+)- 
amphetamine sulphate (3 mg kg-' i.p. 30 min pre- 
viously). Unilateral kainic acid lesions of the striatum 
produced animals showing ipsiversive rotation to the 
same dose of both apomorphine and amphetamine. 
Histological examination of the lesioned forebrain 
three weeks or more after injection of kainic acid 
showed a severe loss of neuronal cell bodies through- 
out the striatum and pronounced gliosis. Fibre 
bundles passing through this region appeared intact. 
Macroscopic examination of the brains of animals 
undergoing decortication showed gross loss of 
parietal and frontal cortex to the level of the corpus 
callosum. 

Specific [3HJspiperone and r3HJsulpiride binding to 
striatal homogenates 
Rats were killed by cervical dislocation and decapita- 
tion. The brains were rapidly removed and placed 
on ice. The corpus striata from the lesioned and 
intact sides of the brain were dissected out and 
placed separately in ice cold 50 mM tris buffer 
(pH 7.7). The preparation of striatal tissue and the 
determination of specific [3H]spiperone binding was 
carried out according to Leysen et al (1978) on 
pooled striatal tissue preparations from the lesioned 
and intact forebrains of 14 animals. [3H]Spiperone 
(20 Ci mmol-I; Radiochemical Centre) was in- 
corporated into the incubates at concentrations 
between 0.12540 nM. Specific binding of ISHI- 
spiperone was defined by the incorporation of 
(+)-butaclamol (5 x lo4 M; Ayerst Laboratories 
Ltd.). 

The binding of (&)-[BHIsulpiride (26.2 Ci mrnol-I; 
custom synthesized by the Radiochemical Centre) 
was determined on the same striatal tissue pool 
according to the method of Theodorou et al (1979) 
in concentrations between 5 and 40 nM using (-)- 
sulpiride 5 x 10-6 M to define specific binding. The 
only deviation from the previously published method 
was that the time of incubation was reduced to 10 min. 

Comparison of rH]spiperone and [3H]sulpiride 
specific binding to striatal preparations from the 
lesioned and intact brain sides was carried out in 
parallel. Each ligand concentration was examined 
in triplicate. The data obtained were subjected to 
Scatchard analysis to determine the number of 
binding sites (Bmax), expressed as pmoles g-I wet 
weight of tissue, and the dissociation constant (KD). 
Statistical analysis was carried out using linear 
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regression analysis and comparison of data from 
lesioned and intact brain hemispheres was carried 
out using a two-tailed Student's t-test. In striatal 
tissue preparations from control animals' [aHI- 
spiperone (0.5 m) total binding was 2941 4 42 
counts min-l, non-displaceable binding in the 
presence of 5 x M (+)-butaclamol was 162 f 9 
counts min-1 (so that 94.5% was specific binding), 
providing a gate for specific binding of 2779 42 
counts min-l. At rH]sulpiride concentration of 
IS nM total binding was 3929 counts min-l, non- 
displaceable binding in the presence of 5 x 10-e M 

(-)-sulpiride was 1987 f 96 counts min-I (so that 
49.4% was specific binding), providing a gate for 
specific binding of 1942 f 39 counts min-l. 

RESULTS 

Kainic acid (2pg in I PI) lesions of one striatum 
produced a 52% decrease in specific PHbpiperone 
(0.125 - 4.0 n ~ )  binding sites (Bmax), and 67% 
decrease in specific [3H]sulpiride (5-40 n ~ )  binding 
sites, in the lesioned striatum compared with the 
intact side 21 days following surgery (Table 1 ; 
Fig. 1). While K n  for r3H]spiperone binding was 
unchanged, that for [3HJsulpiride was decreased by 
so %. 

Unilateral lesions of the medial forebrain bundle 
with 6-hydroxydopamine (8pg in 3pl) caused no 
change in KD or Bmax for specific [3H]spiperone 
binding when comparing preparations from the 
lesioned and intact forebrains 21 days after surgery 
(Table 1). Specific PHIsulpiride binding sites in- 
creased by 27 %, but KD did not alter. 

Unilateral removal of frontal and parietal cortex 
5 days previously reduced Bmax values for striatal 
preparations from the lesioned side by 22 and 37% 
for [3H]spiperone and [3H]sulpiride respectively, 
when compared with the striatal preparations from 
the intact forebrain (Table 1). No  changes in KD 
values occurred. 

DISCUSSION 

Although spiperone has a high affinity for neuro- 
leptic receptors it is, like other butyrophenones, 
relatively weak in inhibiting dopamine stimulation 
of striatal adenylate cyclase preparations (Miller et al 
1974). Indeed, spiperone is more than 1000 times 
less active in displacing [3Hlfiupenthixol from its 
binding site to D-1 receptors, and in inhibiting the 
dopamine stimulation of striatal adenylate cyclase, 
than in displacing [3H]haloperidol (Hyttel 1978). 
This would suggest [3H]spiperone, at  the concentra- 
tions used in the present experiments, binds to D-2 

Table 1. Alterations in specific striatal (A) PHI- 
spiperone (0-125-4.0 n ~ )  and (B) [aH]sulprr~de (5- 
40 n ~ )  binding following unilateral 6-hydroxydopamine 
(8 pg in 3 pl) lesions of the medial forebrarn bundle, 
kainic acid (2 pg in 1 pl) lesions of the striatum or 
unilateral decortication. 

B max (pmol-' g wet 
K n  (nu) weight of tissue) 

Lesion Lesioned Intact Lesioncd Intact 
(A) PHISpipcrone 
Kainic acid 0.18+0~01 0.20f0.04 17.8f0.Se 37.0f3.1 

(90%) (48 %) 
6-Hydroxy- 0.37f 0.06 0.24*0.07 28.9k2.5 28.1 k3 .4  

dopamine 
Dsort~catlon 0.64 k 0 . g 5  %!59*0.04 19.9f l!b?3 %4* 1.0 

(108%) (78 %) 
(B) ['HJSulpiride 
Kainic acid 14.7f1.8. 29.4f 4.6 8.4f0.5. 25.3 f 2.6 

(50%) (33Y) 
CHydroxydop- 18.4f 3.1 19.1 f 3.5 32.0*3.0e 35.1 *2.5 

ammne (96 %) (127%) 
Decortication 284f  6.2 25.3f3.6 11.5f 1.5. 18.3f1.6 

(114%) (63 %) 

Results are expressed as the m-an (f 1 s.e.m.) of the 
regressron line from all determinations carried out at 
each ligand concentration and subjected to Scatchard 
analysis. Each determination was the mean of trrplrcate 
estimates on pooled striatal tissue from 14 animals 
per experiment, each experiment being carried out 
three times on independent tissue pools, except for 
occasional points on the regression line where only two 
experiments were available. The values in brackets 
represent the data for lesioned hemisphere expressed 
in percent of values obtained for the intact forebrain. 
Sham operation or vehicle injections alone had no 
effect on kinetic constants for specific [aH]spiperone 
or [aH]sulpiride binding (unpublished data). Values for 
Kq for [sH]spiperone and [3H]sulpiride binding in 
strratal tissue from intact forebrains varied by up to 
3-fold in the different experiments. This represents the 
normal day-to-day variation observed using tissue 
from control animals of this rat strain, employing the 
present technique. Bmax values in control forebrains 
varied much less. To overcome this difficulty tissue 
from lesioned and intact forebrains from the same 
animals was always compared on the same occasion 
and in strict parallel. 

P <0.05 compared with strialal preparations from the intact 
forebrain using a two-tailed Student's r-test. 

receptors. On the other hand. [3H]sulpiride only 
labels D-2 receptors. It has a lower affinity for 
neuroleptic receptors labelled by more typical 
neuroleptics, and does not inhibit dopamine stimula- 
tion of striatal adenylate cyclase preparations 
(Jenner et al 1978). except at concentrations approxi- 
mately 500 times greater than concentrations of 
spiperone inhibiting the activity of this enzyme 
(Hyttel 1978). 

Although iaHlspiperone and [3H]sulpiride both 
appear to label D-2 receptors, there are some dif- 
ferences in the specific binding of these ligands. Most 
notable is the finding that specific [3H]sulpiride 
binding to striatal homogenates is totally dependent 
on the presence of sodium ions, while that of 
[*H]spiperone is only partially sodium dependent 
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40- A [ 3 ~  ] ~ ~ i ~ c r o n  40- B [ 3 ~  I Sulpiridc of D-2 receptors on the presynaptic terminals of 
cortico-striate fibres which, on other evidence, are 
believed to be glutaminergic (McGeer et  al 1977). 
Destruction of the presynaptic terminals of dopa- 
mine neurons in striatum using 6-hydroxydopamine 
lesions of the medial forebrain bundle produced no 
apparent change in Bmax or  KD for [3H]spiperone 
binding. These animals showed marked contra- 

, versive circling in response to apomorphine when 
0 a3 06 as tested 1 week before the biochemical examination, 

Bound (pmol g-1) indicating the development of behavioural super- 
sensitivity of the lesioned striatum due to successful 

Free (nM) destruction of the nigrostriatal dopaminergic path- 

FIG. I .  Scatchard analysis of specific binding of (A) 
ways. However, Bmax might not change because 

[aHJspiperone (0.1254.0 n ~ )  and (B) [ ~ ~ ] ~ ~ l ~ i ~ i d ~  destruction of binding sites on the dopamine neuronal 
(5-40 n ~ )  to striatal preparations from intact (--A+ terminals may be compensated for by an increased 
and lesioned (-e) forebrains of rats with unilateral 
kainic acid (2 pg in 1 lesions of striaturn. Each point number of post-~ynaptic receptors' Other 
represents the mean of all determinations carried out at have reported increased numbers of [3Hls~iperone 
each ligand concentration and subjected to Scatchard binding sites following 6-hydroxydopamine lesions 
analysis. Each determination was the mean of triplicate 
estimates on pooled striatal tissue from 14 animals the forebrain bundle (Creese et 1977; 
per experiment, each experiment being carried out Nagy et al 1978; Reisine et al 1979; Waddington 
three times on independent tissue pools, except for et a1 1979). However, Leysen (1979) also was unable occasional points on the regression line where only 
two experiments were available. The lines of best fit to demonstrate any change in [ 3 H ] s ~ i ~ r o n e  binding 
were determined by linear regression analysis. following 6-hydroxydopamine lesions, using her 

binding technique (Leysen et al 1978). that we 
(Theodorou et al 1980). In addition, the capacity of employed in the present study. 
sulpiride to displace [3H]spiperone binding to rat In rat striatal preparations, [3H]sulpiride binds to 
striatal preparations also is dependent upon the two receptor populations, a high affinity site labelled 
presence of sodium, while that of other neuroleptics by concentrations of ligand up to 40 nM (KD 14 M; 
is sodium-independent (Stefanini et al 1980). This Bmax 32 pmol g-I wet weight of tissue), and a lower 
may indicate a fundamental difference in the nature affinity site labelled by ligand concentrations be- 
of the components of D-2 receptors to which r3H]- tween 40-240 nM (KD 56 rm; Bmax 55 pmol g-I wet 
sulpiride and [3H]spiperone bind, but the details of weight of tissue) (unpublished data). These findings 
any such distinction are not yet apparent. However, agree with those of Memo et al(1981). In the present 
such a difference may account for discrepancies study we used ligand concentrations up to 4 0 m ,  
between the effects of the various lesions on the therefore only labelling the high affinity site for 
binding of [3H]spiperone and [3H]~ulpiride in the [3H]sulpiride. 
present experiments. For example, the KD for When [3H]sulpiride was used as a ligand, striatal 
[3H]sulpiride binding changes after decortication preparations from decorticate rats showed altera- 
while that of [3H]spiperone was unaltered by this tions similar to thoseseen ~ith[~H]spiperone, namely 
procedure, and 6-hydroxydopamine did not alter a decrease in Bmax with no change in KD. This 
the Bmax for [3H]spiperone binding but increased confirms the presence of D-2 receptors on cortico- 
that for [3H]sulpiride. These and other details of the striate glutamate fibres. 6-Hydroxydopamine lesions 
results obtained with different lesions will now be of the medial forebrain bundle increased the number 
discussed. of r3Hbulpiride binding sites without changing &. 

Our findings of reduced receptor numbers, but This suggests that large numbers of [3HIsulpiride 
no change in KD, for striatal [3H]spiperone binding binding sites are not located on nigro-striatal 
following kainic acid lesions of striatum or decortica- dopaminergic nerve terminals; the increase in- 
tion are in good agreement with previous reports dicates a greater number of binding sites to post- 
(Schwarcz et al 1978; Govoni et al 1978). synaptic receptors as a result of dene~at ion.  Kainic 

Since decortication is not associated with a loss acid lesions of striatum in our studies reduced 
of striatal dopamine stimulated adenylate cyclase specific [3H)sulpiride binding sites s~ggesting that 
(Schwarcz et a1 1978), we can confirm the presence D-2 receptors also are located on striatal cell bodies. 
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However, this contrasts with the work of Memo et a1 
(1981) who found no reduction of [SHJsulpiride 
binding to striatal preparations following striatal 
kainic acid lesions, despite a decrease in specific 
PHkpiperone binding. We can offer no explanation 
for this discrepancy. These authors did show a fall 
in both [SHIsulpiride and [SHJspiperone binding to 
striatal preparations following decortication. 

Our finding of loss of [SHkulpiride binding sites 
after intrastriatal injection of kainic acid was 
associated with a decrease in KD. This would 
indicate that the approximately 30% of striatal 
binding sites remaining (presumably located on the 
terminals of cortico-striate glutamate fibres) have 
a higher affinity for [SHIsulpiride than those located 
on striatal neuronal cell bodies. Perhaps the existence 
of this limited high affinity dopamine receptor 
population might be responsible for the atypical 
pharmacological profile of sulpiride (Jenner & 
Marsden 1979). Thus, the failure of sulpiride to 
produce catalepsy or to inhibit apomorphine- 
induced stereotyped behaviour (behaviours asso- 
ciated with post-synaptic dopamine receptors on 
striatal cells) in doses causing enhanced dopamine 
turnover might be attributed to a preferential action 
on the high-afiinity receptor population located on 
cortico-striate fibre terminals. However, since in 
normal animals specific [aHJsulpiride (5-40 n ~ )  
binding to striatal preparations produces a Hill 
slope of unity, an alternative explanation for the 
apparent increase in receptor affinity may lie in an 
adaptive change of the remaining receptor popula- 
tion as a result of the kainic acid lesion. 

These data suggest the presence of both D-1 and 
D-2 receptors on the cell bodies of striatal neurons. 
The physiological or anatomical relationship be- 
tween the two binding sites, however, is not clear. 
Thus, it is not apparent whether they indicate dif- 
ferent functions on the same neuron, analogous to 
the recognition site and ionophore site associated 
with post-synaptic GABA receptors (Ticku & Olsen 
1978), or whether D-1 and D-2 receptors are located 
on the cell bodies of different neurons. For example 
it can be envisaged that while one receptor exists, 
on the cell bodies of striatal output neurons, the 
other may occur on striatal interneurons. 

Alternatively, the relationship between loss of 
dopamine-stimulated adenylate cyclase and [=HI- 
spiperone or [aH]sulpiride binding sites after kainic 
acid lesioning of the striatum may be coincidental. 
Thus, although both adenylate cyclase and neuro- 
leptic receptor binding sites may occur on neurons 
bearing post-synaptic dopamine receptors, they may 

have different functions. This suggestion may explain 
why relatively high concentrations of neuroleptics 
are required to inhibit dopamine stimulation of 
adenylate cyclase, compared with the lower con- 
centrations which displace tritiated ligands from 
receptor binding sites (Seeman 1977). In addition 
the occurrence of dopamine-stimulated adenylate 
cyclase and neuroleptic binding sites in different sub- 
cellular fractions of rat striatum would argue that 
these components of neuronal function are distinct 
entities (Leysen & Laduron 1977). There is no proof 
that the adenylate cyclase system measured by present 
in vitro techniques is responsible for providing the 
changes in membrane potential that occur following 
activation of post-synaptic dopamine receptor recog- 
nition sites. Such electrophysiological changes take 
place within milliseconds of receptor activation, 
whereas adenylate cyclase activity alters over a longer 
time scale. Dopamine receptor activation in mam- 
malian sympathetic ganglia initiates two events, a 
rapid hyperpolarization and a slower change in 
cytoplasmic cyclic nucleotide formation which may 
be concerned with adaptive or modulatory processes 
other than those responsible for changes in the 
action potential (see Libet 1979). 

In conclusion we have demonstrated the existence 
of D-2 receptors on striatal cell bodies. This is 
perhaps not surprising since in man all the actions 
of drugs affecting cerebral dopamine systems in 
patients with Parkinson's disease are due to an action 
at D-2 receptors (Schachter et al 1980) and the same 
would appear true for dopamine mediated behaviours 
such as stereotypy (Leysen 1980) and circling 
(Waddington et al 1979). 

In the clinical studies of patients with Parkinson's 
disease, the effects of a range of D-1 and D-2 
receptor antagonists were studied on Parkinsonian 
disability and dopamine agonist-induced dyskinesias. 
Individual patients were pre-treated with a D-2 
antagonist or a placebo, and subsequently were 
given a standard dose of levodopa plus carbidopa 
(Sinemet). Parkinsonian disability and dyskinesias 
were rated using standardized assessment schedules 
at regular intervals over the next 4-6 h by independent 
observers unaware of the nature of the drugs given. 
(Further details are available in Price et a1 1980.) 
Of particular interest to the present study, was the 
investigation of the effects of racemic sulpiride 
compared with those of cis-flupenthixol and a 
placebo, given in random order, on 3 days of the 
week, with a day's interval between each test, to 
a total of 6 patients with idiopathic Parkinson's 
disease who showed a consistent therapeutic re- 
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sponse but also dyskinesias in response t o  levodopa 
250 mg plus carbidopa 25 mg. Racemic sulpiride 
(400 mg 2 h before levodopa) was equipotent t o  cis- 
flupenthixol (3 mg 4 h before levodopa) in pre- 
venting the therapeutic response t o  levodopa and 
the dyskinesias it caused (Marsden e t  al, in prepara- 
tion). With regard to  the animal experiments, Leysen 
(1980) has shown that there is a close correlation 
between the capacity of a range of 23 neuroleptics t o  
inhibit the binding of t3H]spiperone t o  rat striatal 
homogenates, and their capacity t o  antagonize 
apomorphine-induced stereotypy in the rat. The 
neuroleptics chosen included flupenthixol and sul- 
piride. These results indicate that their behavioural 
effects are  closely related t o  their capacity t o  dis- 
place the lower concentrations of [3H]spiperone which 
preferentially label D-2 receptors in the brain. 
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