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Abstract

We have shown that buspirone, a partial agonist of 5-hydroxytryptamine 1A (5-HT1A) 
receptors, improves motor dysfunctions induced by 6-hydroxydopamine (6-OHDA) and 
haloperidol in rats. The present work extends these findings by investigating the role of 5-HT1A 
receptors on catalepsy-like immobilization in rats, a model of Parkinson’s disease. Catalepsy 
was induced by unilateral infusion of 6-OH-dopamine (8 µg/2µL/rat) into the central region 
of the substantia nigra, compact part (SNc) and assayed by bar-test method 5, 60, 120 and 180 
min after the drugs administration. The involvement of 5-HT1A receptors in 6-OHDA-induced 
catalepsy was studied through intraperitoneal (0.25, 0.5 and 1mg/Kg IP) and intrasubstantia 
nigra, compact part (10 µg/rat, intra-SNc) injection of 8-hydroxy-2-[di-n-propylamino] tetralin 
(8-OHDPAT) as well as administration of 1-(2-methoxyphenyl)-4-[4-(2-pthalimmido) butyl] 
piperazine hydrobromide (0.1, 0.5 and 1 mg/Kg, NAN-190, IP). NAN-190 (1 mg/Kg, IP) and 
8-OHDPAT (1 mg/Kg, IP and 10 µg/rat, intra-SNc) increased and decreased 6-OHDA-induced 
catalepsy respectively. In normal (non 6-OHDA-lesioned) rats, NAN-190 (1 mg/Kg, IP) 
increased the elapsed time in bar-test while 8-OHDPAT did not produce any significant effect. 
The anticataleptic effect of 8-OHDPAT (1 mg/Kg, IP) was reversed markedly by co-injection 
with NAN-190 (1 mg/Kg, IP). These findings suggest that 5-HT1A receptors are involved in 
6-OHDA-induced catalepsy-like immobilization.
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Introduction

Parkinson’s disease (PD) is a 
neurodegenerative disease mainly caused by 
degeneration of dopaminergic neurons from 
the substantia nigra pars compacta (SNc). This 
causes the loss of dopamine (DA) release in 

the corpus striatum, the brain area that receives 
the projections from the nigral dopaminergic 
neurons (1). The resulting deficiency of DA in 
the striatum leads to hypokinetic motor function 
characterized by rigidity, tremor, bradykinesia 
and postural instability (1, 2). However, other 
neurotransmitter systems also show signs of 
degeneration or hyperinnervation, among which 
is the serotonergic system (2, 3). Studies on 
the role of other neurotransmitters have been 
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4-[4-(2-pthalimmido) butyl] piperazine 
hydrobromide (NAN-190) were dissolved 
in physiological saline (0.9% NaCl) and 
6-hydroxydopamine (6-OHDA) was dissolved 
in 0.9% saline 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 and by IP 
route in a volume of 0.1 mL.

Animals
The experiments were carried out on male 

Wistar rats weighting 180-200 g. Animals were 
housed in standard polypropylene cages, four 
per cage, under a 12:12 h light/dark schedule 
at an ambient temperature of 25 ± 2°C and had 
access to food and water ad libitum. Animals 
were accustomed to the testing conditions for 
2 days before the behavioral experiment was 
conducted. All the procedures were carried 
out under the ethical guidelines 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).

Surgical procedures
Animals were anaesthetized by 

intraperitoneal (IP) injection of sodium 
thiopental (40 mg/Kg), and additional 
anesthetics (4 mg/Kg, IP) were given when 
necessary. After being deeply anaesthetized 
(loss of corneal and toe pad reflexes), rats were 
mounted in a stoelting (USA) stereotaxic frame 
in the flat skull position. The scalp was shaved, 
swabbed with iodine and a central incision 
made to expose the skull. Cannula (23 gauge 
stainless steel) was implanted to serve as the 
guide for subsequent insertion of injection tube 
into the substantia nigra compact part (SNc). 
The coordinates for these sites were based on rat 
brain atlas (16) : anteroposterior (AP) -5.0 mm 
from the bregma; mediolateral (ML) -2.1 mm 
from midline and dorsoventral (DV) -7.7 from 
the skull. The guide cannula was then secured to 
the cranium 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 was infused into the SNc.

performed with the intent of developing adjunct 
antiparkinsonian treatments that do not act on 
DA pathways.

Serotonergic (5-HT) pathway can have 
regulatory effects on DA-mediated motor 
function that may be useful in treating the 
symptoms of PD (4).  It has been shown 
that 5-HT1A receptors are located on dorsal 
raphe neurons with efferents to the striatum, 
and are also localized on cortical neurons 
sending glutamatergic projections to the basal 
ganglia (5). 5-HT1A autoreceptors exist on the 
serotonergic cell soma and dendrites in the raphe 
nuclei where they can reduce 5-HT synthesis 
and serotonergic transmission in terminal field 
(6). Studies have shown that 5-HT1A receptor 
stimulation represents antiparkinsonian effects 
in 6-hydroxydopamine (6-OHDA) lesioned rats 
(7-9). Recently, we have reported that buspirone 
as a partial agonist of 5-HT1A receptors, improves 
catalepsy induced by 6-hydroxydopamine 
(10) and haloperidol (11) as animal models of 
Parkinson’s disease. This effect is most likely 
caused by the increase in 5-HT1A receptor 
activation, resulting in an inhibition of serotonin 
release (6). Stimulation of 5-HT1A receptor 
is associated with an increase in dopamine 
turnover (12), dopaminergic cell firing (13) and 
dopamine release (14) suggesting that 5-HT1A 
agonists might have potential therapeutic 
value in the treatment of Parkinson’s disease. 
We have hypothesized that 5-HT1A receptor 
agonist may have potential therapeutic effect in 
alleviating the motor symptoms of Parkinson’s 
disease and the augmentation of these agents 
to antiparkinson and neuroleptic drugs may 
increase the efficiency of antiparkinson 
and neuroleptic drugs (15). This study is in 
extension of our recent works and was designed 
to further substantiate role of 5-HT1A receptors 
in catalepsy induced by 6-OHDA.

Experimental

Chemicals
All chemicals were obtained from Sigma 

Chemical Company (USA). Solutions were 
prepared fresh on the days of experimentation. 
8-hydroxy-2-[di-n-propylamino] tetralin 
(8-OH-DPAT) and 1-(2-methoxyphenyl)-
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Histology
All rats with guide cannulas were sacrificed 

at the end of the experiments. The brain dissects 
were prepared for all animals to confirm the 
exact implantation of guide cannula in SNc. The 
brains were fixed in 10% formalin for a week 
with the injecting tube in-situ. The location of 
the tip of the injecting tube was verified in serial 
sections. Only the results from catalepsy tests 
of animals in which 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 the 
implanted guide cannula at dose of 8 μg/2μL/rat 
with a rate of 0.2 μL/min. 6-OHDA. Lesioned rats 
were submitted to subsequent the experiments, 5 
days after the surgery as a recovery period.

Catalepsy test
Catalepsy was measured by means of a 

standard bar-test, as the time the rats maintained 
an imposed position with both front limbs 
extended and restring on a 9-cm high round 
wood bar (0.9 cm in diameter). The end point 
of catalepsy was considered to occur when both 
front paws were removed from the bar or if the 
animal moved its head in an exploratory manner. 
The cut-off time of the test was 720 sec. This 

test was carried out 5, 60, 120 and 180 min after 
the drugs administration. All observations were 
made between 9 AM and 4 PM by an observer 
who was blind to the treatments.

Statistical analysis
Descriptive statistics and comparisons 

of differences between each data set were 
calculated using SigmaStat software. The data 
was expressed as mean ± SEM, and 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
Three groups of rats were subjected as 

normal, sham operated (receiving 2 µL vehicle 
of 6-OHDA) and 6-OHDA (8 µg/2 µL/rat) 
injected. Drugs and vehicle were injected into 
the SNc through the implanted guide cannula. 
According to the obtained results, 6-OHDA 
induced significant (p < 0.001) catalepsy in 
comparison with both normal and sham-operated 
rats (Figure 1).

Effect of 8-OHDPAT (IP. and intra-SNc) on 
6-OHDA-induced catalepsy

Five groups of 6-OHDA-lesioned rats 
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Figure 1. The results of bar-test in normal, sham-operated and 6-OHDA (8 µg/2µL/rat) lesioned rats in different time points after the 
treatment. Each bar represents the mean ± SEM of elapsed time (s), n = 8 rats for each group: *** p < 0.001 when compared with normal 
and sham-operated groups.
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received saline (IP), three different IP doses 
of 8-OHDPAT (0.25, 0.5 and 1 mg/Kg, IP) 
and one intra-SNc dose (10 µg/rat, intra-
SNc) of 8-OHDPAT, respectively. The results 
showed that 8-OHDPAT both in IP and intra-
SNc routes was able to attenuate the severity 
of 6-OHDA-induced catalepsy (p < 0.001; 
Figure 2).

Effect of NAN-190 on 6-OHDA-induced 
catalepsy

Four groups of 6-OHDA-lesioned rats were 
treated with three different IP doses of NAN-
190 (0.1, 0.5 and 1 mg/Kg) and vehicle. Results 
show that NAN-190 (1 mg/Kg, IP) increased (p 
< 0.01) 6-OHDA-induced catalepsy compared 
with vehicle-treated group (Figure 3).

Effect of NAN-190 co-treatment with 8-OH-
DPAT on 6-OHDA-induced catalepsy

Five groups of 6-OHDA-lesioned rats 
received saline (IP), 8-OHDPAT (1 mg/Kg, IP), 
8-OHDPAT (1 mg/Kg, IP) and NAN-190 (0.5 
mg/Kg, IP), 8-OHDPAT (10 µg/rat, intra-SNc) 
and 8-OHDPAT (10 µg/rat, intra-SNc) with 
NAN-190 (10 μg/rat, intra-SNc) respectively. 
Results showed that anti-cataleptic effect of 
8-OHDPAT both in IP (1 mg/Kg) and intra-
SNc (10 µg/rat) was abolished significantly 
(p < 0.05, p < 0.01, p < 0.001) by NAN-190 
(Figure 4).

Discussion

In this study, the effect of 8-OHDPAT, 
5-HT1A-receptor agonist was investigated in 
6-OHDA-lesioned rats. 6-OHDA is a neurotoxin 
which is used commonly to create experimental 
models of PD. Our results showed that 6-OHDA 
was able to induce catalepsy when injected 
unilaterally into the substantia nigra compact 
part (SNc). Catalepsy was assessed by the bar-
test which is a standard test frequently used for 
the evaluating of catalepsy-like immobilization 
induced by 6-OHDA and neuroleptic drugs in 
rodents (17). We observed that 8-OHDPAT, 
an agonist of 5-HT1A-receptors, improved 
catalepsy in 6-OHDA-lesioned rats. This is in 
accordance with previous studies reporting a 
possible role for 5-HT1A agonists in decreasing 
the motor abnormalities associated with PD (7-
9, 15).

Behavioral and neurochemical studies have 
revealed that serotonergic system is able to 
modulate the brain dopaminergic system (18). 
It has been shown that the 5-HT1A-receptor is 
present on dorsal raphe neurons with efferents 
to the striatum, and on cortical neurons sending 
glutamatergic projections to the basal ganglia 
(2, 5, 19, 20). Stimulation of 5-HT1A-receptors 
in these regions leads to dopamine release (15) 

by the inhibition of adenyl cyclase and the 
opening of potassium channels (21). These 
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Figure 2. The effect of IP (0.25, 0.5 and 1 mg/Kg) and intra-SNc (10 µg/rat, intra-SNc) injections of 8-OHDPAT on bar test in 6-OHDA-
lesioned rats in different time points after the treatment. Each bar represents the mean ± SEM of elapsed time (s), n = 8 rats for each 
group; *** p < 0.001 when compared with saline-treated groups (Parkinsonian rat).
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findings indicate that the modulation of 5-HT 
transmission by 5-HT1A-receptor agonist may be 
a possible therapeutic approach in Parkinson’s 
disease.

8-OHDPAT is a 5-HT1A-receptor agonist 
which may interact slightly with 5-HT7 and/or 
α2 adrenergic receptors (22). In order to rule out 
the involvement possibility of these receptors 
in the observed effect, we investigated the 
effect of 8-OHDPAT and NAN-190 (5-HT1A-
receptor antagonist) co-administration in 
catalepsy elapsed time in 6-OHDA-lesioned 
rats. According to our results, 8-OHDPAT 
improved 6-OHDA-induced catalepsy both in 
intraperitoneal and intra-nigral routes. The anti-
cataleptic effect of 8-OHDPAT in both routes 
of administration was abolished by NAN-
190. These results confirm the involvement 
of 5-HT1A receptors in the observed effect 
of 8-OHDPAT. We suggest that 8-OHDPAT 
ameliorates catalepsy in 6-OHDA-lesioned 
rats by stimulating 5-HT1A receptors of SNc. 
Therefore, 5-HT1A receptor agonists could 
potentially be used as an adjuvant therapy 
together with routinely used antiparkinsonian 
drugs. In this regard, several studies have 
revealed that 5-HT1A receptor agonists could 
be used prophylactically to reduce L-DOPA-
induced dyskinesia by stimulating 5-HT1A 
inhibitory autoreceptors within the raphe 
nuclei, which may normalize the amount of DA 

delivered to the striatum (23). 5-HT1A agonists, 
such as buspirone, have prominent anxiolytic 
effect and are used clinically for managing 
some psychiatric disorders (24, 25). Anxiety is 
one of the most common psychiatric problems 
experienced by patients with Parkinson’s disease 
(26). Adjuvant therapy with 5-HT1A agonists 
may offer an appealing strategy for improving 
the efficacy of antiparkinson drugs while taking 
advantage of these anxiolytic effects.

Most of the typical antipsychotics which 
are antagonists of D2 receptors, are known to 
induce extrapyramidal side-effects in patient 
suffering from psychiatric illness (27). These 
effects can be modeled in rodents by measuring 
catalepsy. It has been reported that selective 
serotonin reuptake inhibitors attenuate the 
antipsychotic-induced catalepsy in mice (28). 
In this study, we showed that 8-OHDPAT 
alleviated 6-OHDA-induced catalepsy by 
affecting nigral 5-HT1A receptors. This confirms 
the results of our previous study reporting 
that buspirone improves haloperidol (11) and 
6-OHDA-induced (10) catalepsy through the 
activation of 5-HT1A receptors.

In conclusion, we suggest that 8-OHDPAT 
decreases catalepsy induced by 6-OHDA. 
This effect is exerted through the activation of 
nigral 5-HT1A receptors. Therefore, adjuvant 
therapy with 5-HT1A agonists might improve 
the efficiency of antiparkinson drugs. Further 
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Figure 3. The results of bar-test in 6-OHDA-lesioned rats treated with three different IP doses of NAN-190 (0.1, 0.5 and 1 mg/Kg) in 
different time points after the treatment. Each bar represents the mean ± SEM of elapsed time (s), n = 8 rats for each group;** p < 0.01 
when compared with saline-treated group.
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clinical investigations are needed to test whether 
5-HT1A agonists are useful in increasing the 
efficacy or decreasing the motor side effects of 
antiparkinson and typical antipsychotic drugs.
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