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ABSTRACT

Administration of apomorphine and amphetamine induces climbing behav-
ior in mice due to stimulation of brain dopamine receptors. In the present study,
the effects of adrenoceptor agonists and antagonists on amphetamine-induced
climbing have been investigated. Intraperitoneal (i.p.) injection of different doses
of amphetamine (2,4 and 8 mg/kg) induced climbing in mice (p<0.0001). The a,-
adrenoceptor agonist clonidine decreased the climbing induced by amphetamine
(»<0.01). The adrenoceptor antagonists prazosin, yohimbine and propranolol did
not alter amphetamine response.

It may be concluded that o, - and o,,-adrenoceptor stimulation decreases am-
phetamine-induced climbing behavior indirectly through changing dopamine lev-
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INTRODUCTION

Pharmacological studies of dopaminergic-controlled
behavior in the mouse may be demonstrated by climbing
behavior.!-* The test allows easy behavioral scoring and is
reliable in detecting the effects of pharmacological manipu-
lation of brain dopaminergic systems. The importance of
meso-limbic and nigro-striatal dopamine-containing path-
ways in the mediation of these behaviors is well docu-
mented.** Administration of dopamine agonists including
apomorphine, amphetamine, bromocriptine, bupropion and
other dopaminergic agents such as pergoline also induce
climbing. In mice, apomorphine-induced stereotyped climb-
ing probably occurs by a combined activation of D,- or D,-
postsynaptic receptors.® Blockade of D, or D, dopamine re-
ceptors can antagonize stereotyped behaviors induced by
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apomorphine.>™!!

There is evidence that dopamine-induced locomotor
and stereotyped behavior are differentially influenced (in
opposite direction) by both o, and a,-adrenoceptor antago-
nists.”* Thus it has been suggested that the noradrenergic
system may modulate the expression and character of be-
havior by influencing dopamine function in certain brain
areas.?!?

In the present work, the influences of o, and «,
adrenoceptor agonists or antagonists on amphetamine-in-
duced climbing have been studied.

MATERIALS AND METHODS

Animals

Male albino mice (25-30g) were used in these experi-
ments (n=200). They were kept 10 per cage, in aroom on
a 12h/12h light-dark cycle at 22+2°C. Food and water were
freely available except during experiments. Each animal
was used only once.
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Climbing measurement

A wire mesh wall (9 cm wide, 11 cm long, 1 cm mesh
size) was placed in a glass cylinder (9 cm diameter, 11 cm
high) in a vertical position, covered with a mesh roof and
used for assessing the climbing behavior. An initial 30 min-
utes period was allowed for animals to acclimatize to the
environment. Immediately after drug administration, the
animals were put into the cylinders and the position of each
animal was observed and scored as described by Marcais et
al.’* every 2 min as follows: four paws on the floor (0), fore-
feet holding the wall (1), and four paws holding the wall
(2). Ateach time period, themean + SEM of climbing scores
for six mice during the first hour after amphetamine or apo-
morphine administration are presented.

Drugs

The drugs used were amphetamine sulphate (SK & F),
propranolol (ICI), phenylephrine HCI, prazosin HCI,
clonidine HCI and yohimbine (Sigma). Amphetamine was
given intraperitoneally (i.p.) in a volume of 10 mL/kg and
other drugs were given intracerebroventricularly (i.c.v.)in a
volume of 5 pl./mouse and prepared immediately before
use. The control groups received saline.

Statistical analysis

One-way analysis of variance (ANOVA) followed by Newman
Keuls test were used for statistical analysis. Differences between
means were considered statistically significant if p<0.05.

RESULTS

Climbing behavior induced by amphetamine

Intraperitoneal (i.p.) administration of different doses
of amphetamine (2,4,8 mg/kg) to mice induced climbing
behavior (p<0.0001) (Fig. 1).

Effects of adrenoceptor agonists on amphetamine-in-
duced climbing

The o, adrenoceptor agonists clonidine (0.5,1,2, pg/
mouse, i.c.v.) 30 min after amphetamine, reduced climbing
induced by 4 mg/kg of the drug (p<0.05, p< 0.01) (Fig. 2).
But the o, adrenoceptor agonist phenylephrine (0.5,1,4 g/
mouse) did not alter climbing behavior induced by 4 mg/kg
of amphetamine (Fig. 2).

Effects of adrenoceptor antagonists on amphetamine-
induced climbing

Effects of adrenoceptor antagonists are shown in Fig. 3.
Pretreatment of animals with the ai-adrenoceptor antagonists
prazosin (0.5, 1,4 pg/mouse, i.c.v.) and yohimbine (0.5, 1,4
pg/mouse, i.c.v.) didnotalter climbing induced by 4 mg/kg
amphetamine (Fig. 3).

The B-adrenoceptor antagonist propranolol pretreatment
(0.5, 1,4 pg/mouse, i.c.v.) also did not alter the amphetamine
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Fig. 1. Effect of different doses of amphetamine on spontaneous
climbing behavior. Mice were administered saline (Sal, 10 mL/
kg, ip) and different doses of amphetamine (Am,2,4,8 mg/kg, ip).
Each point is the mean+SEM of climbing score/60 min (n= 10).
*p<0.0001, different from respective control groups.
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Fig. 2. Climbing behavior induced by amphetamine in the pres-
ence of o, and ., adrenoceptor agonists. Mice were administered
amphetamine (Am, 4 mg/kg, ip) in combination with saline (Sal,
5 pL/mouse), phenylephrine (Ph, 0.5, 1 and 4 pg/mouse, icv),
and clonidine (Cl, 0.5, 1 and 2 pg/mouse, icv). Each point is the
mean+SEM of climbing score/60 min (n= 6).
*p<0.05, **p<0.01, different from respective control groups.

effect (Fig. 3). Because of reports concerning the probable
effects of clonidine on ., adrenoceptors' clonidine was used
after blocking the o, adrenoceptors. Clonidine was injected
(1, 2pg/mouse, i.c.v.) 15 minutes after injecting 4 mg/kg of
amphetamine and 2,3 mg/kg of yohimbine. Table I shows
the responses of clonidine in the presence of amphetamine
and yohimbine. Comparing these results, it is shown statis-
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Fig. 3. Effect of a and 3 adrenoceptor antagonists on climb-
ing induced by amphetamine in mice. Animals were in-
jected with amphetamine (Am, 4 mg/kg, ip) in combina-
tion with saline (Sal, 5 pL/mouse, icv), prazosin (Pra),
yohimbine (Yo), and propranolol (Pro) (0.5, 1, 4 pg/mouse,
icv). Each point is the mean+SEM of climbing score/60
min (n=6).

tically that yohimbine inhibited the reduced effect of
clonidine on amphetamine induced-climbing behavior
(p<0.01, p<0.001).

DISCUSSION

Assessment of climbing behavior in mice may be apre-

cise test for measurement of dopaminergic agents.*”* The
drugs with dopaminergic agonistic properties have been
shown to increase spontaneous climbing (see Introduction).
Interaction between dopaminergic and noradrenergic sys-
tems has been indicated.!? Noradrenergic neurons in the lo-
cus coeruleus have been shown to elicit an influence on
dopamine neurons mediating locomotion.'* [’H]-dopamine
from nucleus accumbens slices is increased by - and de-
creased by o, adrenoceptor agonists.'®

In the present study, the influences of adrenoceptor ago-
nists and antagonists on amphetamine-induced climbing have
been investigated. The presentresults show that intraperito-
neal (i.p.) injection of amphetamine induced a dose-depen-
dent climbing. The response was greatest with 8 mg/kg of
the drug. This response has been shown to be mediated
through an indirect dopaminergic mechanism.” Amphet-
amine has also been suggested to elicit its effects on loco-
motion and stereotyped behavior via endogenous catechola-
mines. The mesolimbic dopaminergic system is considered
to mediate the locomotor response to dopamine anddopam-
ine agonists. Apomorphine, a dopamine agonist, induced
cage climbing behavior in mice by directly stimulating
postsynaptic mesolimbic D, dopamine receptors.'’
Neuroleptics like haloperidol antagonize apomorphine-in-
duced cage climbing behavior by blocking postsynaptic
mesolimbic D, dopamine receptors,'® and apomorphine and
amphetamine stereotypies.'*?2 Amphetamine might be in-
ducing cage climbing behavior indirectly by releasing
dopamine."”

The present data indicate that pretreatment with
clonidine, an ot -adrenoceptor agonist, effectively decreased

Table I. Clonidine responses in the presence of amphetamine and yohimbine.

Pretreatment Treatment Climbing Score/60min
mg/kg, ip |Lg/mouse, icv (mean +SEM)

Saline 8.8+1.9
Amphetamine 4 Saline 47.2+12.7*
Amphetamine 4 Clonidine 1 6.5+2.8*
Amphetamine 4 Clonidine 2 12.7+5.5*
Amphetamine 4 + Yohimbine2  Clonidine 1 62+9.4%*
Amphetamine 4 + Yohimbine2  Clonidine 2 26.3+11.6
Amphetamine 4 + Yohimbine3  Clonidine 1 53+9.6**
Amphetamine 4 + Yohimbine3  Clonidine 2 88.5+11.08***

Animals were administered saline (5 pL/mouse, icv) alone or 15 minutes after am-
phetamine (4 mg/kg, ip), and clonidine (1, 2 mg/mouse, icv) i 5 minutesafter amphet-
amine (4mg/kg, ip) alone, or a combination of amphetamine and yohimbine (2, 3 mg/
kg, ip). Climbing behavior was recorded 60 minutes after icv injection of drugs. Each

value is the mean+SEM of six experiments.

*p<0.05, **p<0.01 and ***p<0.001, statistical differences from respective groups.
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amphetamine-induced cage climbing behavior. Therefore,
it can be suggested that the o, -adrenoceptor interacts with
the present response. In previous investigations, the effects
of clonidine on a number of parameters believed to be ex-
pressed through central dopaminergic mechanisms have been
studied in rodents. Clonidine caused a dose-dependent se-
dation in dopamine-intact mice.? This drug dramatically
reduced the locomotor response to amphetamine in a dose
related fashion. In contrast, clonidine had no effect on ste-
reotyped head movement or the duration of the behavioral
response to amphetamine. The lower dose of clonidine re-
duced amphetamine-induced licking/biting while higher
doses potentiated amphetamine-induced licking/biting. Thus
the behavioral effects of clonidine vary depending upon the
dose of amphetamine and the particular behavior selected
for study.?* Therefore, on the basis of our results, it can be
suggested that the o -adrenergic receptor interacts with the
present response. It is apparent that clonidine acts through a
secondary neuron system which modifies the effects of
dopamine receptor stimulation, although the exact site of
this interaction is not clear.?

In the present study yohimbine, an o,-adrenoceptor an-
tagonist, was not effective in antagonising amphetamine-
induced climbing behavior. Therefore yohimbine does not
block postsynaptic striatal and mesolimbic dopamine recep-
tors. In our study yohimbine, phenylephrine and prazosin
(c,-adrenoceptor agonist and antagonist) pretreatment nei-
ther significantly potentiated nor antagonised amphetamine-
induced climbing behavior in mice. This suggests that these
drugs do not have a facilitatory and inhibitory effect at or
beyond the postsynaptic striatal and mesolimbic dopamine
receptor. It has been reported that yohimbine increases
dopamine synthesis and turnover in the rat brain.?*? This
effect has been attributed to an indirect action of yohimbine
on dopamine neurons exerted through changes in noradren-
ergic neurotransmission.?

On the basis of our results we conclude that since am-
phetamine is a releaser of monoamines and induced climb-
ing behavior through an indirect dopaminergic mechanism,
therefore o, -adrenoceptor mechanism(s) may possibly in-
fluence amphetamine’s effect by interacting with the release
of dopamine.
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