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Effect of drugs influencing central 5-hydroxytryptaminergic mechanisms
on molindone-induced catalepsy in the rat
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The cataleptic action of neuroleptics is reduced after
lesions of the 5-hydroxytryptaminergic raphé system or
depletion of S5-HT stores by p-chlorophenylalanine
(Kostowski et al 1972; Gumulka et al 1973). However,
Costall et al (1975) have reported that lesions of the
5-HT-ergic raphé system, though effective in reducing
the cataleptic action of haloperidol, fluphenazine,
oxiperomide and spiroxatrine, had no consistent effect
on the cataleptic action of the dibenzazepine neuro-
leptics, loxapine and clothiapine, while the weak
cataleptic action of clozapine was potentiated,
suggesting thereby that the 5-HT-ergic raphé system
exerts a variable influence on the cataleptic action of
different neuroleptics.

Molindone, a dihydroindolone compound, unrelated
chemically to the phenothiazines or butyrophenones, is
a recently introduced neuroleptic for the treatment of
schizophrenia (Abuzzahab 1973; Ayd 1974). It is
reported to induce catalepsy (Rubin et al 1967) by
blocking striatal dopamine receptors (Bunney et al
1975).

We have investigated on molindone-induced catalepsy
in the rat, the effect of pretreatment with clomipramine,
a selective blocker of neuronal reuptake of 5-HT
(Ross & Renyi 1975), quipazine, a drug that stimulates
5-HT post-synaptic receptors (Rodriguez et al 1973)
and also stimulates the release (Hamon et al 1976) and
inhibits the reuptake of 5-HT (Medon et al 1973),
L-tryptophan, a precursor of 5-HT (Aghajanian &
Asher 1971) and methysergide, a 5-HT receptor anta-
gonist.

Male albino rats, 120-180 g, with free access to a
standard diet and tap water were used once only.
During the experiments the animals were individually
housed in wire netting cages at 27-30 °C in a noiseless
room. All observations were made between 10 and 16 h.

Catalepsy was scored according to Costall & Naylor
(1975). Animals were tested for the presence of catalepsy
by placing both front limbs over a horizontal bar
placed 8 cm above the bench surface. Those animals
maintaining the cataleptic posture from 0 to 10s
scored 0, 10 to 30s =1, 30s to 1 min =2, 1 to
2 min = 3,2to 3 min = 4,3 min to « = 5. The animals
were tested for catalepsy 0-5, 1:0, 20, 3-0, and 40h
after molindone treatment.

Molindone HCI (Endo Laboratories), clomipramine
HCl (Ciba-Geigy), quipazine maleate (Miles

* Correspondence.

Laboratories), methysergide hydrogen maleinate
(Sandoz Products Ltd) were dissolved in distilled water
while L-tryptophan (Sigma) was dissolved in a minimum
quantity of HCl and made up to volume with distilled
water. All agents were injected intraperitoneally,
molindone, clomipramine and quipazine in a volume
of 2 ml kg !, while methysergide and L-tryptophan were
injected in a volume of 5mlkg-' Except for
L-tryptophan, doses refer to the salt. For each dose,
10 animals were used. Clomipramine and methysergide
were injected 30 min and quipazine and L-tryptophan
60 min before molindone treatment. Control groups
received the requisite volume of vehicle intraperitoneally
before receiving molindone. Results were analysed by
the Mann-Whitney U-test for non-parametric data.

Molindone (1-25 mg kg~! i.p.) induced no catalepsy
while higher doses (2:5-20 mg kg ! i.p.) induced a state
of sedation and dose-dependent degree of catalepsy,
without loss of righting reflex or apparent change in
muscle tone or motor coordination. The cataleptic
effect was present at 30 min and reached maximum at
I h (Fig. 1). Doses beyond 20 mgkg' tended to
produce motor incoordination and ataxia.

Clomipramine (5, 10, 20 mg kg ) did not induce
catalepsy. Higher doses were not tested as they tended
to produce motor incoordination and ataxia. Clomi-
pramine pretreatment potentiated the cataleptic effect
of molindone (2-5, 50 mgkg') dose-dependently
(Fig. 2).

Quipazine (1, 2, 4 mg kg ') did not induce a cataleptic
state. Shortly after its injection animals exhibited a
behavioural syndrome, comprising of increased loco-
motor activity, slight tremor, intensive sniffing and
rubbing of the nose, which lasted for 30-40 min. After
about 45 min the behaviour was almost normal. With
higher doses (10, 20 mg kg ') there was an increase in
the intensity of the behavioural syndrome and the
animals also showed abduction and extension of hind
limbs, motor incoordination and marked hypotonia,
therefore these doses were not further tested. Pre-
treatment with quipazine (1, 2, 4 mg kg ') potentiated
the cataleptic effect of molindone (2-5, 5 mg kg") dose-
dependently (Fig. 2). Similarly, pretreatment with
L-tryptophan (100, 200 mg kg™') potentiated the
cataleptic effect of molindone (2-5, 5 mg kg™') dose-
dependently (Fig. 2).

Methysergide (5, 10 mg kg~?) did not induce catalepsy
in the rats. Pretreatment with methysergide (5, 10 mg
kg~') decreased the cataleptic effect of molindone
(10 mg kg!) dose-dependently (Fig. 2).
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Fic. 1. Dose-dependency of the cataleptic effect induced by 2:5 (@——@), 50 (H——M), 10 (A——A4) and
20 (W——V) mg kg i.p. molindone in the rat. Each value represents the mean score of 10 rats. Vertical bars
represent s.e. Times given are counted from the injection of molindone.

FiG. 2. {A) Effect of clomipramine pretreatment at the doses of 5-0 (@——@), 10-0 (l——M) or 20-0 (A——A)
mg kg~! on molindone ( x —— % )-induced catalepsy in rats. (B) Effect of quipazine pretreatment at the doses of
10 (@ @), 20 (B——M) or 40 (A——A) mgkg! on molindone ( Xx—— X)-induced catalepsy in rats.
(C) Effect of L-tryptophan pretreatment at the doses of 100 (@ ——@) or 200 (l——M) mg kg—! on molindone
(x—— X )-induced catalepsy in rats. (D) Effect of methysergide pretreatment at the doses of 50 (@——@) or
100 (M—— M) mg kg~! on molindone (x—— x)-induced catalepsy in rats. Clomipramine was injected 30
min, and quizapine and L-tryptophan were injected 60 min before molindone (i): 2-5 mg kg~!, i.p. (ii): 5-0 mg
kg! i.p. Methysergide was injected 30 min before molindone 10 mg kg, i.p. Each value represents the mean
score of 10 rats. Vertical bars represent s.e. Solid symbols indicate statistical significance (P < 0-05 or less). Times
given are counted from the injection of molindone.
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Thus, drugs that influence the central 5-HT-ergic
mechanisms affect the cataleptogenic effect of
molindone. Pretreatment with clomipramine, quipazine
and L-tryptophan, potentiated the cataleptic effect of
molindone while pretreatment with methysergide
decreased the cataleptic effect. These results indicate an
important role for 5-HT in the regulation of the cata-
leptic effect of molindone and suggest that the activation
of the central 5-HT-ergic system has a facilitatory
effect on the catalepsy induced by molindone while
inhibition of the central 5-HT-ergic system decreases
the cataleptic effect of molindone. Further, our results
also indicate that the central 5-HT-ergic system
influences molindone-induced catalepsy in the same
manner as it influences haloperidol or chlorpromazine-
induced catalepsy (Kostowski et al 1972; Gumulka et al
1973; Carter & Pycock 1977; Balsara et al 1979) or
catalepsy induced by brain-amine depleting neuroleptics
(Fuenmayor & Vogt 1979) and suggest that the central
5-HT-ergic system may be exerting an inhibitory
influence on the central dopaminergic system and that
the cataleptic effect of neuroleptics apparently depends
on the balance between the two systems. These findings
also concur with clinical reports. Thus, clinical improve-
ment of chronic schizophrenic patients, in whom hyper-
functioning of the c.n.s. dopaminergic system has been
hypothesized (Matthysse 1973; Snyder et al 1574) was
achieved by medication with precursors of 5-HT,
L-tryptophan (Pollin et al 1961) or 5-hydroxytryptophan
(Wyatt et al 1972). In contrast, the symptoms of
parkinsonism, a clinical condition in which there is a
deficiency of dopamine (Franz 1975), were exacerbated
after treatment with L-tryptophan or S5-hydroxy-
tryptophan (Chase & Murphy 1973). The mutual inter-
dependence of the two systems has also been demon-
strated morphologically. 5-HT-ergic fibres arising from
the raphé nuclei have been shown to make synaptic
contacts with dopaminergic cells in the substantia nigra
(Parizek et al 1971; Aghajanian & Bunney 1975).
Further, the neostriatum and limbic striatum brain
areas which receive dopaminergic input have also been
shown to receive 5-HT-ergic input from the raphé
nuclei (Fuxe & Jonsson 1974) and recently Carter &
Pycock (1978) have shown that a localized depletion of
5-HT in the substantia nigra or nucleus accumbens
reduces the catalepsy induced by the neuroleptic
fluphenazine.

In conclusion, we would like to state that our results
suggest an involvement of the 5-hydroxytryptaminergic
raphé system with central dopaminergic systems in the
mediation of behavioural states like catalepsy.

The authors wish to thank Endo Laboratories,
Ciba-Geigy, Miles Laboratories, Sandoz Ltd, for their
generous gift of the drugs used in the present study and
to S. S. Chavan and V. R. Mane for technical assistance.
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