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The Effect of Haloperidol, Spiperone and Pimozide
on the Flexor Reflex of the Hind Limb of the
Spinal Rat*
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With 3 Figures
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Summary

It was found that spiperone and pimozide in doses which themselves do
not influence the flexor reflex of the hind limb of the spinal rat inhibit
stimulation of this reflex induced by serotoninomimetic drugs (LSD and
fenfluramine). Higher doses of spiperone depress the flexor reflex and inhibit
the stimulating effect of clonidine. Pimozide has no such effect. Haloperidol
in doses which do not influence the action of LSD and fenfluramine produces
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,
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 (Maj 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 “Monoaminergic mechanisms” in Tihany, June 21—23, 1977.
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evaluation of the central antiserotonin activity (Maj et al., 1976).
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; Maj 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
and fenfluramine to induce serotoninergic stimulation.

The preparation of the flexor reflex of the spinal rat makes it
possible, at the same time, to find a noradrenolytic activity. In this
case it is especially important since, on the one hand, the nor-
adrenolytic activity has been observed in a number of neuroleptics
(Janssen et al., 1965) and, on the other hand, typical noradrenolytics
as phenoxybenzamine and phentolamine antagonize distinctly the
L-5-HTP-induced behavioural syndrome (Maj et al., 1978). There-
fore, we also assessed the examined neuroleptics with respect to their
effect on noradrenaline (NA) neurons, although they had been already
studied in this regard by other authors (Janssen et al., 1965).

Materials and Methods

We carried out the experiments on male Wistar rats, 170—230 g, using
the technique previously described. A rat’s paw was stimulated by means
of an electric impulse, released from the stimulator every 1 min and a
contraction of the musculus tibialis anterior was registered (Maj et al.,
1976).

Clonidine, fenfluramine, LSD and haloperido! dissolved in 0.9 ¢/s NaCl,
and spiperone—in 1.5 %y aqueous solution of tartaric acid, were injected i.v.
Pimozide, suspended in 1 %/o aqueous solution of Tween 80, was injected 1.p.
Haloperidol and spipcrone were administered 1 hour before drugs
stimulating the flexor reflex, while pimozide— 4hours before them.

Substances Used

Clonidine hydrochloride (Boehringer, Ingelheim), fenfluramine hydro-
chloride (Servier), haloperidol (Gedeon Richter), LSD (Delysid, Sandoz),

pimozide (Janssen Pharmaceutica), spiperone (Janssen Pharmaceutica).

Results

The results are summarized in Table 1.
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Table 1. The effects of neuroleptics on the flexor reflex of the bind limb of
the spimal rat

Anti-5-HT effect Anti-NA effect

Antagonism to Antagonism Depression Antagonism
Neuroleptics fenfluramine to LSD of the retlex  to clonidine
Haloperidol (i.v.) — -— t 4

(. 0.4) (- 0.4) (0.5) (0.5)
Spiperone (i.v.) + t i 1

(0.4) (0.4) (1.2) (1.2)
Pimozide (1.v.) I + — _

(+.0) (4.0) (. 16.0) (- 16.0)

Explanations: — no effect; -+ effect observed. In bradsets—doses in my/ky

(in case no cffect was observed—the dose up 1o which no effect occurred; in case
an effect was observed—the lowest effective dose).

Haloperidol

Haloperidol in doses of 0.05—0.4 mg/kg does not influence the
flexor reflex, nor changes the reflex stimulation induced by LSD
(5 1g/kg) or by fenfluramine (1 mg/kg). A dose of 0.5 mg/kg and
higher depress the flexor reflex and inhibit partly or totally the
sumulating effect of clonidine (0.1 mg/kg) (Fig. 1).

!

th JMHJ

- -

. CLs ) Lo AT
C LONIDINE HALOPERIDOL CLONIDINE
01mgfkg iv 05mg/kg iv Q1mg/kgiv

=

ig. 1. The influence of clonidine and haloperidol on the flexor reflex (the musculus
uibialis anterior) of the hind limb of the spinal rat
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Spiperone

Spiperone in doses up to 1 mg/kg has no effect on 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 «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).

SPIPERONE FENFLURAMINE

04mg/kgiv Img/kg iv
SPIPERONE 99 o

04mg/kgiv

CLOQIDINE SPIPERONE  CLONIDINE
0imggiv 04mghgiv  OImg/kgiv

Fig. 2. The influence of spiperone on the action of LSD, fenfluramine and clonidine
on the flexor reflex (the musculus tibialis anterior) of the hind limb of the spinal rat

Pimozide

Pimozide administered in doses up to 16 mg/kg has no effect on
the flexor reflex and does not change the stimulating action of
clonidine (0.1 mg/kg). A dose of 4 mg/kg prevents the reflex stimula-
tion evoked by LSD (5 wg/kg) (Fig. 3) or by fenfluramine (1 mg/kg).

Discussion

As it has been already mentioned in the introduction, the prepara-
tion of the flexor reflex of the hind limb of the spinal rat makes it
possible to show the effect on central 5-HT neurons and NA neurons
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LSD LSD CLONIDINE
Sugkgiv Sugkgiv Oimg/kg iv
PMOZIDE
4mg/kg ip

Fig. 3. The influence of pimozide on the action of LSD and clonidine on the flexor
reflex (the musculus tibialis anterior) of the hind limb of the spinal rat

(Maj et al., 1976). 5-HT receptor blockers administered alone have no
cffect on the flexor reflex, yet they prevent its stimulation caused by
5-HT mimetics, such 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 (Andén et al., 1970 b).

Spiperone in lower doses exerts an anti-5-HT activity, as it blocks
LSD- or fenfluramine-induced stimulation. Higher doses produce a
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
the flexor reflex was also studied by Andén et al. (1970 a), and the
results obtained by them were similarly as regards the anti-NA
activities of haloperidol and spiperone at higher doses, and the lack
of such an activity for pimozide. The active doses of haloperidol and
spiperone were much 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 Andén et al.
(1970 a); (2) a different route of administration of the neuroleptics
(i.p. in their experiments, in ours i.v.); (3) the stimulation of the
flexor reflex by L-Dopa (together with nialamide) and not by
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
haloperidol in the experiments of Andén et al. (1970 a) and 2.4 times
higher in our experiments.

The active noradrenolytic doses of haloperidol and spiperone,
assessed by us, are considerably higher than the doses producing
effects regarded as typical of neuroleptics. It applies chiefly to
spiperone and is in agreement with functional and biochemical data
of Andén et al. (1970 a), as well as with the data given by Janssen
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
already indicated by our previous experiments in which we had
observed antagonism of both neuroleptics to the L-5-HTP-induced
behavioural syndrome (Maj et al., 1978). Antagonism of spiperone to
the behavioural syndrome induced by tryptophan (Jacobs, 1974;
Heal et al., 1976), as well to convulsions induced by tryptamine
(Janssen et al., 1965) have been also described. However, antagonism
of pimozide to both agents has not been observed (Jacobs, 1974; Heal
et al.,1976; Niemegeers et al., 1977).

The anti-5-HT doses of spiperone and pimozide found in the
flexor reflex preparation, are a few times higher than those producing
the cataleptic effect (Maj et al.,, 1978), regarded as typical of
neuroleptics. Therefore it is difficult to judge whether the anti-5-HT
action of spiperone and pimozide is of practical value in the clinic. On
the other hand, it is well-known that in the treatment of schizophrenia
doses considerably higher than average initial therapeutic ones are
often applicd.

The observed antagonism of spiperone and pimozide to LSD
indicates that they may have antihallucinogenic action. It should be
added here that in the preparation of the flexor reflex 5-HT antago-
nists (cyproheptadine, mianserin, danitracen) also antagonize the
action of other hallucinogens, such as mescaline (Maj et al., 1977) or
bufotenine (own data—unpublished).

Despite the fact that the anti-5-HT activity of haloperidol has not
been observed in the model of the flexor reflex, it is not unlikely that
this drug may produce such an effect when administered in doses
higher than noradrenolytic ones. However, depression of the flexor
reflex induced by the noradrenolytic action in this model makes
impossible to find out an effect on 5-HT neurons. Antagonism of high
doses of haloperidol to tryptophan (Heal et al., 1976) and 10
tryptamine (Janssen et al., 1965) has been already described.
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More recent data indicate that, contrary to carlier opinions,
dopamine neurons or terminals may be present in the spinal cord
(Commissiong and Sedgwick, 1975; Magnusson, 1973; Zivin et al.,
1975; Reid et al., 1975; Bingham ct al., 1975). It seems unlikely,
however, that they might be of importance for the flexor reflex
preparation used in our experiments. The above assumption may be
evidenced by the fact that apomorphine injected i.v. in doses up to
5 mg/kg exerts no effect on this reflex (own data—unpublished).
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