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Abstract:

Receptors for 5-HT�� are widely distributed throughout the basal ganglia, and their activation results in an inhibition of dopamine

(DA) release. This study aimed to investigate the effect of buspirone, as a partial agonist of 5-HT�� receptors, on 6-hydr-

oxydopamine (6-OHDA)-induced catalepsy in male Wistar rats. Catalepsy was induced by unilateral infusion of 6-OH-DA (6 µg/

2 µl/rat) into the central region of the substantia nigra pars compacta (SNc) and assayed by the bar-test method 60, 120 and 180 min

after drug administration. The results demonstrated that intraperitoneal (ip) injection of buspirone at doses of 5, 7.5 and 10 mg/kg de-

creased catalepsy compared with the control group. In addition, intra-SNc injection of 8-hydroxy-2-[di-n-propylamino]tetralin

(8-OH-DPAT; 10 µg/rat), a 5-HT�� receptor agonist, decreased 6-OHDA-induced catalepsy. The effects of buspirone (7.5 mg/kg,

ip) and 8-OH-DPAT (10 µg/rat, intra-SNc) were abolished by 1-(2-methoxyphenyl)-4-[4-(2-phthalimido) butyl]piperazine hydro-

bromide (NAN-190; 10 µg/rat, intra-SNc), a 5-HT�� receptor antagonist. Our study indicates that buspirone improves catalepsy in

a 6-OHDA-induced animal model of Parkinson’s disease through activation of nigral 5-HT�� receptors. However, further investiga-

tions should be undertaken to clarify the exact mechanism of interaction between 5-HT�� and DA receptors.

Key words:

buspirone, 5-HT�� receptor, 6-hydroxydopamine, catalepsy, rat

Introduction

Parkinson’s disease is a neurodegenerative condition

mainly caused by degeneration of dopaminergic neu-

rons from the substantia nigra pars compacta. This re-

sults in a decrease in dopamine (DA) release in the

corpus striatum, the brain area that receives projec-

tions from the nigral dopaminergic neurons. The most

prominent parkinsonian symptoms are tremor, rigid-

ity, and bradykinesia [27]. Other neurotransmitter sys-

tems also show signs of degeneration or hyperinner-

vation, among which is the serotonergic system [6,

34]. Serotonergic projections originating from the

dorsal raphe nuclei innervate all parts of the basal

ganglia [22]. It is therefore plausible that serotonin

plays a role in the regulation of movements executed

by the basal ganglia.
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5-HT1A receptors are widely distributed throughout

the basal ganglia [25]. They are located on dorsal ra-

phe neurons that have efferents to the striatum, as well

as on cortical neurons that send glutamatergic projec-

tions to the basal ganglia [21]. Studies have shown

that 5-HT1A receptor stimulation exerted antiparkin-

sonian effects in 6-OHDA-lesioned rats [4, 10, 14].

This effect is most likely caused by an increase in

5-HT1A receptor activation, resulting in an inhibition

of serotonin release [33]. Stimulation of 5-HT1A re-

ceptors is associated with an increase in DA turnover

[17], dopaminergic cell firing [1] and DA release [19],

suggesting that 5-HT1A agonists might have potential

therapeutic value for the treatment of Parkinson’s dis-

ease. However, other studies have reported that ad-

ministration of a 5-HT1A agonist did not affect basal

DA release in the nucleus accumbens or the striatum

[8, 24]. It has been shown that 5-HT1A receptor agonists

ameliorate movement disorder via non-dopaminergic

systems in rats with unilateral 6-OHDA-generated le-

sions [25]. Stimulation of this receptor may act to nor-

malize excessive glutamate levels and play a central

role in synaptic plasticity [9].

Buspirone acts as 5-HT1A receptor partial agonist

and has been utilized to treat anxiety disorders [23].

A few reports have suggested that buspirone decreases

antipsychotic and �9-tetrahydrocannabinol-induced

catalepsy in preclinical [11, 32, 38] as well as clinical

settings [15]. Thus, whether buspirone could act as an

antiparkinsonian drug in an animal model of Parkin-

son’s disease is of interest. In the present study, we in-

vestigated effect of buspirone on catalepsy induced by

6-OHDA, and the possible involvement of 5-HT1A re-

ceptors in mediating this effect.

Materials and Methods

Animals

The experiments were carried out on male Wistar rats

weighing 200–220 g. Animals were housed in stan-

dard polypropylene cages, four per cage, under

a 12:12 h light/dark schedule at an ambient tempera-

ture of 25 ± 2°C and were allowed food and water.

Animals were acclimated to the testing conditions for

2 days before the behavioral experiment was con-

ducted. All of the procedures were carried out under

the ethical guidelines of the Tabriz University of

Medical Sciences and the study received approval

from the Ethics Committee of the Tabriz University of

Medical Sciences, according to the guide for the care

and use of laboratory animals (National Institutes of

Health Publication No 85–23, revised 1985).

Chemicals

All chemicals were obtained from Sigma Chemical

Co. (USA) except for buspirone, which was purchased

from Heumann Co. (Germany).

Solutions were prepared fresh on the days of ex-

perimentation. Buspirone, 8-hydroxy-2-[di-n-propyl-

amino]tetralin (8-OH-DPAT) and 1-(2-methoxyphenyl)-

4-[4-(2-phthalimido) butyl]piperazine hydrobromide

(NAN-190) were dissolved in physiological saline

(0.9% NaCl), and 6-OHDA was dissolved in 0.9% sa-

line containing 0.2% (w/v) ascorbic acid. The drugs

were injected into the central region of the substantia

nigra pars compacta (SNc) in a total volume of

2 µl/rat with a constant injection rate of 0.2 µl/min.

Surgical procedures

Animals were anesthetized by intraperitoneal (ip) in-

jection of sodium thiopental (40 mg/kg), and addi-

tional anesthetics (4 mg/kg, ip) were given when nec-

essary. After they were deeply anesthetized (loss of

corneal and toe pad reflexes), rats were mounted in

a stoelting stereotaxic frame in the flat skull position.

The scalp was shaved, swabbed with iodine and

a central incision made to expose the skull. A cannula

(23 gauge stainless steel) was implanted to serve as

a guide for subsequent insertion of the injection tube

into the SNc. The coordinates for these sites were

based on the rat brain atlas [30]: anteroposterior (AP)

–5.0 mm from the bregma; mediolateral (ML) –2.1 mm

from the midline and dorsoventral (DV) –7.7 from the

skull. The guide cannula was then secured to the cra-

nium with dental cement. Sham-operated animals

were submitted to the same procedure but 2 µl vehicle

(0.9% saline containing 0.2% (w/v) ascorbic acid) of

6-OHDA was infused into the SNc.

Histology

All rats with guide cannulae were sacrificed at the end

of the experiments. The brain was dissected from all

animals to confirm the exact implantation of the guide

cannula into the SNc. The brains were fixed in 10%
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formalin for 1 week with the injecting tube in situ.

The location of the injecting tube tip was then verified

in serial sections. Only the results from nociceptive

tests where the tip of the injecting tube was within the

SNc area were used for statistical analysis.

Lesion of dopaminergic neurons

To induce dopaminergic lesion, 6-OHDA was injected

unilaterally into the SNc through implanted guide can-

nula at a dose of 6 µg/2 µl/rat at a rate of 0.2 µl/min.

6-OHDA-lesioned rats were submitted to subsequent

experiments after recovering from surgery for 5 days.

Catalepsy test

Catalepsy was assessed by means of a standard bar

test, which measured the time the rats maintained an

imposed position with both front limbs extended and

resting on a 9 cm high wooden bar (0.9 cm in diame-

ter). The end point of catalepsy was considered to oc-

cur when both front paws were removed from the bar

or if the animal moved its head in an exploratory man-

ner. The cut-off time for the test was 720 s. This test

was carried out 60, 120 and 180 min after drug ad-

ministration. All observations were made between 9

a.m. and 4 p.m. by an observer who was blind to the

nature of the treatments.

Statistical analysis

Descriptive statistics and comparisons of differences

between each data set were calculated using Sigma-

Stat software. The data were expressed as the mean

± SEM and were analyzed by one-way ANOVA in

each experiment. Statistical significance was accepted

at the level of p < 0.05. In the case of significant

variation (p < 0.05), the values were compared by

Tukey test.

Results

6-OHDA induced catalepsy

Rats were divided into three groups: normal, sham-

operated (receiving 2 µl vehicle) and 6-OHDA (6 µg/2

µl/rat)-injected. Drugs and vehicle were injected into

the SNc through the implanted guide cannula. As

shown in Figure 1, 6-OHDA was able to induce sig-

nificant (p < 0.05 and 0.01) catalepsy in comparison

with both normal and sham-operated rats.

Effect of buspirone on 6-OHDA induced

catalepsy

Four groups of 6-OHDA-lesioned rats received saline

or one of three different doses of buspirone (5, 7.5 and

10 mg/kg, ip), respectively. The results indicated that

buspirone attenuated the severity of 6-OHDA induced

catalepsy (p < 0.05) (Fig. 2).

Effect of 8-OH-DPAT on 6-OHDA induced

catalepsy

In 6-OHDA lesioned rats that were treated with

8-OH-DPAT (10 µg/rat, intra-SNc) the elapsed time

until catalepsy was significantly decreased (p < 0.05),

identical to the buspirone (7.5 mg/kg, ip) treated group.

There was not any significant (p > 0.05) difference
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between 8-OH-DPAT- (10 µg/rat, intra-SNc) and bus-

pirone- (7.5 mg/kg, ip) treated animals (Fig. 3).

Effect of NAN-190 co-treatment with buspirone

and 8-OH-DPAT on 6-OHDA-induced catalepsy

Five groups of 6-OHDA-lesioned animals respec-

tively received saline, 8-OH-DPAT (10 µg/rat, intra-

SNc), 8-OH-DPAT (10 µg/rat, intra-SNc) and NAN-190

(10 µg/rat, intra-SNc), buspirone (7.5 mg/kg, ip) or buspi-

rone (7.5 mg/kg, ip) with NAN-190 (10 µg/rat, intra-SNc).

The results showed that the catalepsy-ameliorating effect

of both 8-OH-DPAT and buspirone was abolished (p <

0.05) by NAN-190 (Fig. 4).

Discussion

We investigated the potential anticataleptic effects of

drugs that act on 5-HT1A receptors in 6-OHDA-

lesioned rats. The results showed that intra-SNc injec-

tion of 6-OHDA induced catalepsy when assessed by

the bar test, which is a standard test that is frequently

used for evaluating catalepsy induced by 6-OHDA

and neuroleptic drugs in rodents [31, 37]. Buspirone,

a partial agonist of 5-HT1A receptors, improved cata-

lepsy in 6-OHDA- lesioned rats. This is in accordance

with previous studies reporting a promising role for

5-HT1A agonists in decreasing the motor disorders as-

sociated with Parkinson’s disease [3, 4, 26].

It has been shown that 5-HT1A receptors are pres-

ent on dorsal raphe neurons with efferents to the stria-

tum and on cortical neurons that send glutamatergic

projections to the basal ganglia [7, 21, 36]. Stimula-

tion of 5-HT1A receptors in these regions leads to do-

pamine release [19] via the inhibition of adenyl cy-

clase and the opening of potassium channels [18].

These findings indicate that modulation of 5-HT

transmission by 5-HT1A receptor agonists may be

a potential therapeutic approach in Parkinson’s disease.

The mechanism by which buspirone exerts an anti-

cataleptic effect in lesioned animals was studied using

5-HT1A receptor agonist and antagonists in conjunction

with the drug. Buspirone is a partial agonist of 5-HT1A

receptors that also has D2 and �2-adrenoceptor block-
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ing effects [16, 20]. Thus, it is necessary to consider

the possibility of involvement of these receptors in the

observed effects. According to our results, 8-OH-

DPAT improved 6-OHDA-induced catalepsy in a fash-

ion identical to buspirone. The catalepsy-improving

effect of both buspirone and 8-OH-DPAT were re-

versed by NAN-190, a 5-HT1A receptor antagonist.

These findings confirm the involvement of 5-HT1A

receptors in the observed effect of buspirone.

Therefore, we suggest that buspirone alleviates cata-

lepsy in 6-OHDA-lesioned by acting on 5-HT1A recep-

tors in the SNc, and could potentially be used as an adju-

vant therapy together with routinely used antiparkin-

sonian drugs.

Convergent evidence suggests that 5-HT1A recep-

tor agonists could be used prophylactically to reduce

L-DOPA-induced dyskinesia by way of stimulating

5-HT1A inhibitory autoreceptors within the raphe nu-

clei, which may normalize the amount of DA deliv-

ered to the striatum [2, 5, 28, 29]. However, their

beneficial effect in reducing motor symptoms as well

as improving efficacy of other antiparkinsonian drugs,

such as dopamine receptor agonists, monoamine oxi-

dase B (MAOB) and catechol-O-methyltransferase

(COMT) inhibitors, has not been described clearly.

Apart from the observed anticataleptic effect, buspi-

rone has a prominent anxiolytic effect and is used for

managing some psychiatric disorders [12, 35]. Since

anxiety is one of the most common psychiatric prob-

lems experienced by parkinsonian patients [13], adju-

vant therapy with buspirone or other partial agonists

of 5-HT1A receptor may offer an appealing strategy

for improving the efficacy of antiparkinsonian drugs

while taking advantage of these anxiolytic effects.

Typical antipsychotics such as haloperidol, a D2 re-

ceptor blocker, are known to induce extrapyramidal

side-effects in patients [15]. These effects can be

modeled in rodents by measuring catalepsy. It has

been reported that selective serotonin reuptake inhibi-

tors attenuate antipsychotic-induced catalepsy in mice

[31]. We have demonstrated that buspirone alleviated

6-OHDA-induced catalepsy by affecting nigral 5-HT1A

receptors. This confirms the results of another study

showing that 5-HT1A receptor agonists decrease

haloperidol-induced catalepsy [32]. This suggests that

co-administration of a 5-HT1A agonist with a D2 re-

ceptor antagonist may have a lower propensity to in-

duce extrapyramidal side effects.

In conclusion, our data suggest that buspirone alle-

viates catalepsy in 6-OHDA-lesioned rats and that

this effect is exerted through stimulation of nigral

5-HT1A receptors. In addition, we suggest that investi-

gation of a possible clinical application of the buspi-

rone should be carried out to test whether it is useful

in increasing the efficacy or decreasing motor side ef-

fects of antiparkinson and typical antipsychotic (D2

antagonist) drugs. Further studies are needed to eluci-

date the exact mechanism of buspirone on neuronal

systems that are responsible to its anticataleptic effect.
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