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Summary: Pretreatment with l·tryptophan. a precursor of 5·HT. was found to dec-ease the

int&l1sity of stereotyped behaviour induced by amantadine. while methysergide. a 5-HT antagonist.
was round to inc/ease the intensity of amantadine· induced stereotypy. These results suggest
that the intensity of amantadine-induced stereotypy depends on the balance between centfel dopamine

end 5-HT systems and that the central 5-HT systems may have an opposing. tonic affeCl upon
cent/al dopamine systems involved in the medietion of sterool'rpy. In contrast to l-tryptophan.

however. pretreatment with quipazine. a 5-HT agonist, and clomipramine. a selective 5-HT neufonal
reuptake blocker. was found to potentiate the stereotyped behaviour induced by amantadine.
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The intensity of the stereotyped behaviour (S8) induced by the indirectly acting
(amphetamines) and directly acting dopamine (DA) agonists (apomorphine) is influenced
by drugs affecting the central 5-hydroxytryptamine (5-HT) systems (3. 18. 19). Pre­
treatmsnt with methysergide. a 5-HT receptor antagonist. and p-chlorophenylalanine.
a specific depletor of brain 5-HT. potentiated amphetamine and apomorphine-induced
SB. while pretreatment with 5-HT precursors. 5-hydroxytryptophan and l-tryptophan.
antagonized il (3. 9. 11. 18. 19). These results suygesl that the central 5-HT systems
may have an opposing tonic effect upon the central DA systems involved in the mediation
of sa.

Amantadine. an anliparkinson drug. which acts as a DA agonist mainly by releas­
ing DA from the DA neUfones and to some extent by directly stimulating the post-synaptic
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DA receptOrs. is reported to Induce S8 in ralS (2). In the present study we have investi.
gated the effects of pretreatment with L-tryptophan. clomipramine. qUlpazine. and methy­
sergide on amantadine-induced S8 in the raL l-tryptophan. a precursor of 5- HT. was
administered systemically to increase brain 5- HT levels (1). Clomipramine. an iminodi­
benzyl tIicyclic antidepressant drug. is reported to be a more effective and selective blocker
of neuronal uptake ot 5-HT (16). QUlpazine is reponed to specifically stimulate post­

synaptic >HT receptors (15) and also to stimulate the n:lease (8) and inhibit the
reuptake of 5-HT (10). Methysergide was used as a 5-HT receptor antagonist.

MATERIAL AND METHODS

Male albino rats. 120 to 180 g. in groups of ten for each ueatment and allOWEd free
access to a standard diet and tap water were used. Each animal was used once only.
All observations 'Nere made between 10.00 and 16.00 hr at 27 to 3O·C In a noiseless.
diffusely illuminated room.

The drugs used were: amantadine hydrochloride (Ciba--Geigy). l-tryptophan
(Sigma). clamiplamine hydrochloride (Ciba-Geigy). quipazine maleate (Miles laborato­
lies) and methysergide hydrogen maleinate (Sandoz). All d,ugs were dissolved in dis­
tilled water except l-tryptophan wf\ich was dissolved in a minimum quantity of HCI
and made up to volume with distilled water. All drugs were injected ip in a volume of
0.2 ml/loo 9 body weight. except methysergide and l-tryptophan which were adminis­
ter!.d in a volume of 0.5 mI/1 00 9 body weight. All doses refer to the salt except for
L-tryptophan. Control groups received the requisite volume of vehicle ip befOre receiv­
Ing amantadine.

The effect of drug pretreatment on the S8 induced by 100 mglkg (maximum
tolerated dose) amantadine was studied by the method of Costal1 et 81. (4). For observa­
tion the animals were placed in individual cages made of wire netting, measuring 30 em
x 20 em and 20 cm high. They were placed in the observation cages 30 min before
drug treatment to allow adaptation to the environment. The intensity of S8 was assessed
ovel a 30 sec observation period at 10 min intervals for 3 hr according to the following
scoring system: 0: short lasting period of locomotor activity but no S8; 1 : discontinuous
sniffing. constant exploratory activity; 2 : continuous sniffing and small head movements.
periodic exploratory activity: 3 : continuous sniffing and small head movements. dis­
continuous gnawing. biting or licking and very brief periods of locomotor activity and
4 : continuous gnawing. biting or licking. no exploratory activity and occasional back­
ward locomotion.
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The statistical significance of differences between means was calculated by t

Student's unpaired t-test. The leve I of significance chosen was P<0.05.

RESULTS

Amantadine at 25 mg/kg induced no S8. whi Ie at doses of 50 and 75 m~/J..:g. it
induced S8 of score 1 intensity in 40% (n=10) and 100% (n=10) of the animals.
respectively. At 100 mg/kg dose amantadine induced S8 of score 2 intensity in 10G%
(n = 40) of the animals tested. Doses beyond 100 mg/kg produced convulsicns an'd

death.

1. Effect of L-cryptophan on amantadine-induced S8 in rats:

L-tryptophan (1 GO and 200 mg/kg) treated rats did not exhibit any obvic us
behavioural syndrome and appeared like the vehicle treated animals. Pretreatment with
100 mg/kg of L~tryptophan significantly decreased whi Ie pretreatment with 200 mg/kg
of L-tryptophan completely abolished the S8 induced by 100 mg/kg of amantadine
(Table I).

TABLE ,; Effect Of pretreatment with L-tryptophan (TRYP). clomipramine (CIMI). quipazine (QUIP) and
methysergide ( ETH) on amantadine (AMAN)-Induced stereotyped behaviour in ralS.

Treatment (dose mg/kg) Prerreatmem Intensify score
period (min) Mean±S.E.M.

1. A A 100 2.0±0.00

2. TRY? 100+AMAN 10O 60 1.1 ±0.10·"

3. TRY? 2oo+AMAN 100 60 °
1. AMAN 100 2.0±0 00

2. elMI 5+AMAN 100 30 2.3±0.15

3. CIMI 10+AMAN 100 30 2.6±O.16·

4. elM) 20+AMAN 100 30 2.9±0.10···

1. AMAN 100 2.0±000

2. QUIP 0 5+AMAN 100 60 2.4±0.16

3. QUIP 1+AMAN 10O 60 2.7±0.15··

4. aUIP 2+AMAN 10O 60 3.0±0.OO·"

1. AMAN 100 2.0±0.OO

2. METH 2.5+AMAN 100 30 2.2±0.13

3. METH 5+AMAN 100 30 2.6±0.16·

4. METH 10+AMAN 100 30 2.9±0.10···

·P<:0.05: ··P<O.Ol; ···P<:O.OO1. Numerals following the drugs indicate their doses (mg/kg).
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2. Effect of clomipramme pretreatment on amantadine-induced S8 in rBts:

Clomiprarr.ine (5. 10 and 20 mg/kg) treated rats did not exhibit any obvious beha­
vioural syndrome and appeared like the vehicle-treated animals. Pretreatment with
5 mg/kg of clomipramine did not significantly affect the amantadine-induced S8 (Table I).
However. pretreatment with 10 and 20 mg/kg of c1omioramine did significantly increase
the inrenslty of S8 mduced by 100 mg/kg of amantadine (Table I).

3. Effecr of qUlpazme pretreatment on amclntBdine-induced S8 tn rats:

Ouipazlne (05. 1 and 2 mgl*g) itself induced an Increase In locomotor actIVIty.
slight tremor. snlffmg. and rubbmg of the nose. This lasted for 3~40 min after mJec­
tion of quipazlne Pretreatment With 0.5 mg/kg of quipazine did not significantly affect
the amantadine-induced S8 (Table I). However. pretreatment With 1 and 2 mg/kg of
quiilaztne did significantly mcrease the mtenslty of S8 mduced by 100 mg/kg of c:manta­
dine (Table t)

4. Effect of methyserglde preueatment on amantadme-mduced S8 in filts 1

Methysetglde (2 5. 5 and 10 my/kg) alone had no effect upon behavior.
Pretreatment with 2.5 mg/kg of methysergide did not significantly affect the amantadine­
induced S8 (Table I). However. pretreatment with 5 and 10 mg/kJ! of methysergide
dId signiflc3nEly lOcreas"" th~ mtenslly of S8 induced by 100 mg/kg of amantadine (Table I).

DISCUSSION

Amantadme induced only low intensity S8 charactenzed by sniffmg. Even after
its dose was increased to the maximum tolerated one of 100 mg/kg. it produced S8 not
exceeding rating 2. These findings concur with the observation of other ..... orkers (2.5). ..

In Ihe present experiments drugs which influence the central 5· HT mechanisms
have been found to affect the S8 induced by amantadine. L- tryptophan. a precursor "
of 5- HT. which is reported to decrease the intensity of methamphetamine stereotypy (3).
was also found to decrease the intensity of S8 induced by amantadine while melhysArgide.
a 5-HT receptor antagonist. which is reported to potentiate amphetamine and apomor­
phine-induced S8 (3. 18. 19). was also found to increase the intensity of amantadine-
induced S8. Our findings with L-tryptophan and methysergide suggest that. as is the
case with the S8 induced by other DA agonists. the intensity of amantadine-induced
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S8 also depends on the balance~"'I~b ~r,RtB'ktaIRg~:'HT systems and that
the central 5-,HT system may be exerting an opposing ton;c effect upon the central DA
systems involved in the mediation of S8.

The results of our experiments with quipazine and clcmipramine pretreatment.
however, differ from those ....... ilh L-tryptophan pretreatment. In contrast to L- tryptophan,
pretreatment with quipazine and clomipramine was found to increase the intensity of
amantadine-induced S8. The reasons for this discrepancy can only be speculated at
this time. Guipazine and clomipramine, in addition to blocking the uptake of 5- HT.
have also been reported to block the uptake of DA (7. 10. 14). Further. quipazine has
been reported to inhibit the monoamine oxidase (MAO) enzyme (6). while clomiprE.mine.
like imipramine. might possess an inhibitory action on MAO type B enzyme (17) for

which DA is one of the naturally occuring substrates (20). These additional ections
of quipazine and clomipramine may be responsible for increasing the intensity of zman­
tadine-induced SB. Further. quipazine and clomipramine have been reported to poten­
tiate both methamphetamine and apomorphine-induced SB (3.12.13).

In conclusion. on the basis of our results with L-.tryptophan and methysergide.
we would like to suggest that the intensity of amantadine-induced SB depends on the
balnnce betwaen central DA and 5- HT systems. and that the central 5-HT systems may
have an opposing tonic effect upon central DA systems involved in the mediation of S8.
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