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It was found that spiperone and pimozide in doses whi& themselves dontiates the trans-
not influence the flexor reflex of the hind limb of the spinal rat inhibit

se by reserpine, stimulation of this reflex induced by serotoninomimetic drugs (LSD and
fe Sci. 21, 14,5 to fenfluramine). Higher doses of spiperone depress the flexor reflex and inhibit

f the induction of the stimulating effect of clonidine. Pimozide has no such effect. Haloperidol

dne, 6-hydroxy- in doses which do not influence the action of LSD and fenfluramine produces
1. Exp. Ther. (in a depression of the flexor reflex and antagonizes the action of clonidine.

Our findings indicate that, irrespective of their antidopamine action,
spiperone has a central antiserotonin effect and an antinoradrenaline one,

I.T., Cambridge, pimozide--an antiserotonin one and haloperidol--an antinoradrenaline one.

Introduction

In our previous paper we observed that a number of neuroleptics,

e.g. haloperidol, spiperone and pimozide antagonize the L-5-hydroxy-
tryptophan (L-5-HTP)-induced behavioural syndrome in rats and

mice (Ma) et al., 1978). This fact seems to indicate that they have a
central antiserotonin action. In other experiments we proved that the

flexor reflex of the hind limb of the spinal rat is a good model for

"."The results of this paper were presented at the Polish-Hungarian Symposium
on "Monoaminergie mechanisms" in Tihany, June 21--23, 1977.
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evaluation of the central antiserotonin activity (Maj et al., 1976). Table 1. The effect
5-Hydroxytryptamine (5-HT) antagonists, such as cyproheptadine,

mianserin, danitracen and metergoline do not affect this reflex, yet

they inhibit its stimulation evoked by 5-HT-mimetics e.g. tryptophan,
L-5-HTP, LSD, fenfluramine, quipazine (Maj et al., 1976; Ma) et al.,

in press; Palider et al., 1977). Therefore we decided to study the effect
of haloperidol, spiperone and pimozide on the flexor reflex, using LSD Neuroleptics
and fenfluramine to induce serotoninergic stimulation.

The preparation of the flexor reflex of the spinal rat makes it Haloperidol (i.v.)
possible, at the same time, to find a noradrenolytic activity. In this
case it is especially important since, on the one hand, the nor- Spiperone (i.v.)

adrenolytic activity has been observed in a number of neuroleptics ',
(]anssen et al., 1965) and, on the other hand, typical noradrenolytics Pimozide (i.v.)i

as phenoxybenzamine and phentolamine antagonize distinctly the - I

L-5-HTP-induced behavioural syndrome (Maj et al., 1978). There- ExplanatiOns: --
fore, we also assessed the examined neuroleptics with respect to their (in case no effect was
effect on noradrenaline (NA) neurons, although they had been already an effect was observed

studied in this regard by other authors (Janssen et al., 1965).

Materials and Methods Haloperidol ir

flexor reflex, nor

We carried out the experiments on male Wistar rats, 170--230 g, using (5/,g/kg) or by f

the technique previously described. A rat's paw was stimulated by means higher depress th,
of an electric impulse, released from the stimulator every 1 rain and a stimulating effect c
contraction of the musculus tibialis anterior was registered (Maj et al.,
t976).

CIonidine, fenfluramine, LSD and haloperidol dissolved in 0.9 % NaCt,
and spiperone--in 1.5 % aqueous solution of tartaric acid, were injected i.v.
Pimozide, suspended in 1 °/0 aqueous solution of Tween 80, was injected i.p.
Haloperidol and spiperone were administered 1 hour before drugs
stimulating the fexor reflex, while pimozide-- 4hours before them.

:iI hydrochloride (Boehringer, Ingelheim), fenfluramine hydro-

chloride (Servier), haloperidol (Gedeon Richter), LSD (Delysid, Sandoz),
_,:i pimozide (Janssen Pharmaceutica), spiperone (Janssen Pharmaceutica).

: 'CLC

Results o,lr

The results are summarized in Table 1. Fig. 1. The influence ctibial
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aj et al., 1976). Table 1. The effects oj neuroh'ptics on the flexor reflex of the hind limb of
cyproheptadine, the spinal )al

this reflex, yet
e.g. tryptophan, Anti-5-HT effect Anti-NA effect
[976; Maj et al.,
, study the effect Antagonism to Antagonisn_ Depression Antagonism
eflex, using LSD Neuroleptics fenfluramine to LSD of the reflex to chmidine

,al rat makes it Haloperidol 0.v.) -- -- } -t

activity. In this (,: 0.4) ( o.4) (0.5) (0.5)
Spiperone (i.v.) + _ i thand, the nor-

of neuroleptics (0.4) (0.4) (12) (1.2)
noradrenolytics Pimozide (i.v.) k 4- -- --
-_ distinctly the (4.o) (4.o) ( 16.0) (, 16.0)
, 1978Y There-

Explanations: -- no effect; q effect observed. In brackets--doses in mg/kg
respe, o their (in case no effect was observed--the dose up to which no effect occurred; in case
ad been already an effect was observed--the lowest effective dose). " "
965).

Haloperidol

Haloperidol in doses of 0.05--0.4 mg/kg does not influence the

flexor reflex, nor &anges the reflex stimulation induced by LSD
70--230 g, using (5 ,-g/kg) or by fenfluramine (1 mg/kg). A dose of 0.5 mg/kg and
ulated by means higher depress the flexor reflex and inhibit partly or totally the
,ry 1 min and a stimulating effect of clonidine (0.1 mg/kg)(Fig. 1).
red (Maj et al.,

t in 0.9 %) NaCI, J l

were injected_ i.v. I ]]

was injected 'i.p.

r before drugs
_1them. .r

I

'urami hydro- {__ l_[ll[{liiilhilh,Ill' iH]]lj _'elysid, Sandoz), _ : . , ]naceutica).
: . : lht:l'": it lli ....7.ifi- "
CLONIDINE HALOPERIDOL CmNIDINE
ruing/k9i_ 0,s_g/ugi_ mmg/_,,

Fig.I.Theinfluenceofclonidineandhaloperidolontheflexorreflex(themusculus
tibialis anterior) of the hind limb of the spinal rat
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Spiperone

Spiperone in doses up to 1 mg/kg has 11o effect Oll the flexor ---
reflex. A dose of 1.2 mg/kg and higher doses cause a depression of the
flexor reflex which is not antagonized by clonidine (0.1 mg/kg).

Spiperone in a dose of 0.4 mg/kg, not affecting the flexor reflex, __
prevents its stimulation evoked by LSD (5 t*g/kg) or by fenfluramine
(1 mg/kg). A dose of 0.4 mg/kg does not influence the stimulation

induced by clonidine (0.1 mg/kg) (Fig. 2). ilitti
,. t,, _ -[j

lh Fig. 3. The inflt

lh reflex (th

LSD LSO

5,ug/kg iv 5,ug/kg iv SPIPERONE FENFLURAMINE (Ma] et al., 1(,0.4mg/kgiv lmg/kgiv e_cct on theSPIPERONE
0/,mg_giv 5-HT mimeti_

not change th,

,:....... NA receptor

__ __ antagonizeth(

Our findit

lh W-÷ Lower doses t

CL0_OfNESRPE_ONE peridol (the a
0.1mg/kgiv 0.4mg/kgiv 0.1mg/kgiv reflex was also

Spiperone _,
Fig. 2. The influence of spiperone on tile action of LSD, fe,lfluramine and clonidine LSD- or fenfl

on the flexor reflex (the musculus tibialis anterior) of the hind limb of the spinal rat noradrenolytil

_:} having no anti
Pimozide The anti-b

"_!7[ Pimozide administered in doses up to 16 mg/kg has no effect on the flexor refl,the flexor reflex and does not change the stimulating action of results obtain
!;i} clonidine (0.1 mg/kg). A dose of 4 mg/kg prevents the reflex stimula- activities of h

tion evoked by LSD (5/,g/kg) (Fig. 3) or by fenfluramine (1 mg/kg), of such an acti
spiperone wer,
thoseobservec

: Discussion factors: (1) a
(1970 a); (2) a

As it has been already mentioned in the introduction, the prepara- (i.p. in their
tion of the flexor reflex of the hind limb of the spinal rat makes it flexor reflex
possible to show the effect on central 5-HT neurons and NA neurons clonidine. Hox_
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on the flexor _ .-:: [lh

i,iiN '_g/kg).
flexor reflex, -._--

"fenfluramine :_ ,,,,fllll l ttlN:__estimulation ----J-" ......

LSO l LSD CLONIDINE
5.ugp,giv | _giv 0.1mcj_giv

: i :- PIMOZIDE
4._g _p

Fig. 3. The iniluenceof pimozide ot_the action of LSD and clo_idine o_ the flexorreflex (the musculus tibialis anterior) of the hind limb of the spinal rat

IFLURAMINE (Ma) et al., 1976). 5-HT receptor blo&ers administered alone have no
_g/l<giv effect on the flexor reflex, yet they prevent its stimulation caused by

5-HT mimetics, suda as LSD or fenfluramine and, at the same time, do

not change the stimulation induced by NA agonists, such as clonidine.
NA receptor blockers given alone depress the flexor reflex and
antagonize the stimulatory effect of NA agonists.

Our findings indicate that haloperidol acts as a NA antagonist.
Lower doses have no anti-5-HT effect. The anti-NA action of halo-

peridol (the antagonism to clonidine) in the preparation of the flexor
reflex was also previously observed (And_n et al., 1970 b).

Spiperone in lower doses exerts an anti-5-HT activity, as it blocks
_e a_d clonidine LSD- or fenfluramine-induced stimulation. Higher doses produce a
of the spinal rat noradrenolytic effect. Pimozide also reveals an anti-5-HT action,

having no anti-NA effect.
The anti-NA action of the three neuroleptics in the preparation of

: no effect on the flexor reflex was also studied by And_n et al. (1970 a), and the

ag a _n of results obtained by them were similarly as regards the anti-NA
eflex stimula- activities of haloperidol and spiperone at higher doses, and the lack

ne (1 mg/kg), of such an activity for pimozide. The active doses of haloperidol and
spiperone were muda higher (5 and 10--20 mg/kg respectively) than
those observed in our experiments. This fact may be due to a few
factors: (1) a lower sensitivity of the model used by And_n et al.
(1970 a); (2) a different route of administration of the neuroleptics

the prepara- (i.p. in their experiments, in ours i.v.); (3) the stimulation of the
rat makes it flexor reflex by L-Dopa (together with nialamide) and not by
NA neurons clonidine. However, similar dose ratios should be noted. The effective
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doses of spiperone are 2--4 times higher than the effective doses of More recen
haloperidol in the experiments of Anddn et al. (1970 a) and 2.4 times dopamin¢ neur

higher in our experiments. (Commissiong ,
The active noradrenolytic doses of haloperidol and spiperone, 1975; Reid et

assessed by us, are considerably higher than the doses producing however, I that
effects regarded as typical of neuroleptics. It applies chiefly to preparation use
spiperone and is in agreement with functional and biochemical data evidenced by tl
of And_n et al. (1970 a), as well as with the data given by ]anssen 5 mg/kg exerts r
et al. (1965) on the basis of antagonism to the lethal i.v. dose of NA.
Lack of the pimozide antagonism to NA administered i.v. was also
observed by Niemegeers et al. (1977).

These findings allow us to conclude that spiperone and pimozide
have a central antiserotonin activity, at least in rats. This fact was We would li_
already indicated by our previous experiments in which we had Laboratoires Ser_
observed antagonism of both neuroleptics to the L-5-HTP-induced supplying pimozi,
behavioural syndrome (Maj et al., 1978). Antagonism of spiperone to
the behavioural syndrome induced by tryptophan (Jacobs, 1974;
Heal et al., I976), as well to convulsions induced by tryptamine

(]anssen et al., 1965) have been also described. However, antagonism And_n, N.-E., t
of pimozide to both agents has not been observed (Jacobs, 1974; Heal Receptor acti
et al., 1976; Niemegeers et al., 1977). neuroleptics, l

The anti-5-HT doses of spiperone and pimozide found in the And_n, N.*E., Co

I flexor reflex preparation, are a few times higher than those producing Evidence for

i the cataleptic effect (Maj ei al., 1978), regarded as typical of Science9,513
neuroleptics. Therefore it is difficult to judge whether the anti-5-HT Bingham, W.G.,

i of and is of value in the clinic. On Norepinephri
action spiperone pimozide practical

, the other hand, it is well-known that in the treatment of schizophrenia cord. LifeSci.! Commissiong, ].
! doses considerably higher than average initial therapeutic ones are human¥ spina

often applied. Heal, D. J,, Greet

_[_! The observed antagonism of spiperone and pimozide to LSD repeate_d adm

indicates that they may have antihallucinogenic action. It should be dopamlne-sen:
added here that in the preparation of the flexor reflex 5-HT antago- by trariylcypr

_i 7 nists (cyproheptadine, mianserin, danitracen) also antagonize the 49, 287_---300,action of other hallucinogens, such as mescaline (Maj et al., 1977) or ]acobs, B. _.: El{
_!_[ bufotenine(owndata--unpublished), mediatedbeh_

Despite the fact that the anti-5-HT activity of haloperidol has not (1974).i
been observed in the model of the flexor reflex, it is not unlikely that ]anssen, P:.A. ].,

this drug may produce such an effect when administered in doses to predict thefrom arlimal d
higher than noradrenolytic ones. However, depression of the flexor Magnussoni T.: E
reflex induced by the noradrenolytic action in this model makes and 5-hydrox
impossible to find out an effect on 5-HT neurons. Antagonism of high berg's Arch. PI
doses of haloperidol to tryptophan (Heal et al., 1976) and to Ma), ]., Pdider,
tryptamine (Janssen et al., 1965) has been already described, ergic d_rugs ol

LI _,i
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ffective doses of More recent data indicate that, contrary to earlier opinions,
a) and 2.4 times dopamine neurons or terminals may be present in the spinal cord

(Commissiong and Sedgwick, 1975; Magnusson, 1973; Zivin et al.,

and spiperone, 1975; Reid et al., 1975; Bingham et al., 1975). It seems unlikely,
loses producing however, that they might be of importance for the flexor reflex

plies chiefly to preparation used in our experiments. The above assumption may be

fiochemical data evidenced by the fact that apomorphine injected i.v. in doses up to

iven by Janssen 5 mg/kg exerts no effect on this reflex (own data--unpublished).
i.v. dose of NA.

ed i.v. was also
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