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Background: Recently, it has been found that Cyclosomatostatin (CSST) induces Catalepsy, a 
State Similar to extrapyramidal dysfunctions in Parkinson disease. The sensitivity of CSST-induced 
catalepsy to clinically effective antiparkinsonian agents is unknown. Epidemiological studies have 
documented an inverse association between parkinsonism and tobacco smoking that suggests an 
antiparkinsonian activity of nicotine. To evaluate the similarity between human illness and CSST-
induced catalepsy, we studied the sensitivity of this model to nicotine.

Materials and Methods: The experiments were conducted on 27- to 28-month-old male Wistar 
rats. To determine the cataleptogenic doses of CSST, this drug (0.5, 2, and 10 µg) was injected 
intracerebroventricularly. Nicotine (0.1, 0.4, and 1 mg/kg) was given subcutaneously. Catalepsy 
was defined as an increased period of immobility in the bar test. All groups consisted of 8 animals.

Results: CSST (10 µg) increased period of immobility compared with the controls (P<0.01). Nicotine 
(0.4 and 1 mg/kg) inhibited this effect (P<0.05).

Conclusion: CSST-induced catalepsy in Wistar rats can be reduced by nicotine. These data support 
the validity of this behavioral response as a model of human extrapyramidal dysfunctions.
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1. Introduction

arkinson disease is characterized by the 
degeneration of dopaminergic neurons in 
the substantia nigra. Akinesia and other 
extrapyramidal motor disorders are the 
main features of this disease [1-3]. Age is 

the biggest risk factor for the development of Parkinson 
disease [4]; However, tobacco smoking decreases the 

incidence of the illness [5]. Although various therapeu-
tic strategies were proposed in the past decades, none 
of them has stopped the disease progression. 

A number of animal models are currently in use to 
identify new potential antiparkinsonian agents. Neu-
rotoxic models use toxins that causes reversible or ir-
reversible injury to dopaminergic neurons. Genetic 
models are based on genetic mutations that either se-
lectively disrupt nigral neurons or simulates mutations 
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found in familial parkinsonism [6]. Meanwhile, pres-
ently no model uses factors characteristic of Idiopathic 
Parkinson Disease (IPD). As it seems, such models may 
be of special significance in the search for novel antipar-
kinsonian drugs. 

One of the IPD-associated abnormalities is dropping 
the brain levels of somatostatin [7]. These changes may 
be of pathogenic importance as somatostatin can mod-
ulate dopaminergic neurotransmission. In fact, exog-
enous somatostatin increases dopamine release from 
neurons [8-10]. Elevation of the brain somatostatin 
concentrations potentiates dopamine-dependent con-
traversive pivoting behavior in rats [11]. Alternatively, 
a drop in brain somatostatin can reduce the response 
of animals to dopaminergic agonists, apomorphine and 
amphetamine [12]. Thus, somatostatin seems to be a 
stimulatory factor for dopaminergic system. Given this, 
a decrease in brain somatostatin activity in IPD might 
inhibit brain dopamine-dependent mechanisms and 
cause or aggravate extrapyramidal dysfunctions. 

We have recently simulated a decrease in brain soma-
tostatin activity in Wistar rats [7, 13] using intracerebral 
injections of Cyclosomatostatin (CSST), an antagonist of 
somatostatin receptors [14]. It has been found that CSST 
induces cataleptic response. Catalepsy, an abnormal be-
havior that resembles bradykinesia and postural rigidity 
in IPD, is often linked to an inhibition of central dopami-
nergic activity [15, 16] and thereby is used as a model 
of extrapyramidal dysfunctions. In our experiments, the 
CSST effect was observed in aged rats [13]. Thus, CSST-
induced catalepsy displayed the age-dependence effect 
similar to that of IPD. Apparently, this property of the 
model supports its validity.

An important feature of the model is its responsive-
ness to clinically effective agents [17]. One of the po-
tential antiparkinsonian agents may be nicotine since 
epidemiological studies have shown a lower risk of IPD 
in tobacco smokers [5]. The influence of nicotine on do-
paminergic neurotransmission and catalepsy has been 
previously examined. Nicotine increased dopamine re-
lease from neurons in vitro [18] and in vivo [19]; howev-
er, acute administration of nicotine potentiated rather 
than inhibited catalepsy induced by haloperidol [20] 
and some other neuroleptics [21, 22]. Nicotine in vi-
tro protected dopaminergic neurons against a range of 
toxic insults [23]; however, in vivo this drug can increase 
the susceptibility of nigral neurons to toxic injury [24]. 

The present study aimed to evaluate the validity of 
somatostatin antagonist-induced catalepsy as a model 

of IPD-associated motor dysfunctions. For this purpose, 
we assessed the responsiveness of CSST-induced cata-
lepsy to nicotine, an agent with presumed clinical anti-
parkinsonian activity.

2. Materials and Methods

2.1. Animals 

The experiments were conducted on 27 to 28-month-
old male Wistar rats. The average lifespan of these rats 
is approximately 25 months [25]. Thus, the animals in 
our study are old. Rats were housed four per cage in a 
well-ventilated colony room having a 12:12 h light/dark 
cycle (lights on at 7:00 AM) and temperature of 22°C. 
The animals received standard laboratory rat chow 
and tap water ad libitum. The animals were adapted to 
these conditions for a minimum of two weeks before 
the experiments. The experiments were started by ran-
domly dividing animals into groups of 8 each.

2.2. Drugs and doses

Cyclo (7-aminoheptanoyl-Phe-D-Trp-Lys-Thr[Bzl]) 
(cyclosomatostatin), (−)-nicotine hydrogen tartrate 
salt (nicotine), (±)-ketamine hydrochloride (ketamine), 
xylazine hydrochloride (xylazine) were purchased from 
Sigma-Aldrich (Street Louis, MO, USA). Gentamicin 
sulfate (Krka, Slovenia) and polysporin triple antibiotic 
ointment (Johnson & Johnson Inc.) were used as well. 
CSST (0.5, 2, and 10 µg) and nicotine (0.1, 0.4, and 1 
mg/kg) were administered intracerebroventricularly 
and subcutaneously, respectively. CSST was dissolved 
in sterile artificial cerebrospinal fluid and nicotine in 
sterile saline [26]. The doses were chosen based on 
the literature and previous experiments in our labo-
ratory [7, 13, 27]. Nicotine was administered 15 min 
prior to the injection of CSST.

2.3. Implantation of an intracerebral cannula

The surgical operations were performed as described 
[28]. Before surgery each rat was injected with genta-
micin sulfate, 5 mg/kg intramuscularly. The animal was 
anaesthetized with intraperitoneal administration of 
ketamine and xylazine (75 and 7.5 mg/kg i.p. respec-
tively) and placed in a stereotaxic apparatus. A hole was 
drilled into the skull and a stainless steel guide cannula 
(22 gauge, 15-mm long) lowered into the right lateral 
ventricle using the following stereotaxic coordinates: 
ML=-1.6 mm, DV=-3.6 mm, and AP=-0.8 mm from breg-
ma. Cannula was fixed to the skull with jeweler screws 
embedded in dental acrylic cement.
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After placement, this cannula was sealed with a sterile 
obturator. Skin in the area of dissection was treated with 
polysporin triple antibiotic ointment. Ten days after im-
plantation of the guide cannula, the experiments were 
conducted in the experimental room wherein the envi-
ronmental conditions were similar to those in the animal 
room. Leakage of the cerebrospinal fluid from the can-
nula during its implantation was used as the criterion for 
proper actions [29]. Cannula placements were also veri-
fied postmortem by sectioning through the brain.

2.4. Intracerebral injection procedure

Microinjection of CSST solution or vehicle into the lat-
eral ventricle was made as described [28, 30]. Briefly, 
we used a needle connected by polyethylene tubing to a 
10 µL syringe. After removal of the obturator, the needle 
was protruded 1 mm beyond the cannula tip and solu-
tion (10 µL) was injected over 30s. After the injection, 
the needle remained in place for 30s before withdrawal 
to prevent injection fluid backflow through the cannula.

2.5. Evaluation of catalepsy

Catalepsy in rodents is a state of temporal immobil-
ity characterized by failure to correct an externally im-
posed awkward position [31, 32]. Bar test was used as 
a method for quantitative evaluation of catalepsy. Each 
rat was placed with its forelimbs on a wooden bar (7.5 
cm above the table surface, diameter of 1.5 cm). Ani-
mal’s hind paws rested on the table surface. The length 
of time(s) the animal maintained the initial position was 
measured [33, 34]. In the first two daily sessions, the 
rats were adapted to the catalepsy procedure [32].

On the third day, the experimental session was per-
formed. To complete one experimental test, the animal 
is placed on the bar three times and the mean stay of 
these three periods is the outcome of one test [33]. The 
time measurements were performed by an experimenter 
blinded to the group assignment. On each session, these 
measurements were performed 60, 120, 180 and 240 min 
after administration of CSST with the animals being kept 
in their home cages between tests. Sessions started at 
9:30 AM. Catalepsy was defined as a statistically signifi-
cant (P<0.05) increase in immobility duration.

2.6. Outline of experiments 

Two separate experiments were performed. In experi-
ment I, the animals received different doses of CSST. The 
control animals received either no intervention (control 
#1) or vehicle instead of CSST (control #2). The most ef-

fective cataleptogenic dose of CSST was used in further 
studies. Experiment II aimed to evaluate the influence 
of nicotine on CSST-induced catalepsy. The rats were 
treated by the drug at different doses; the control ani-
mals received either no intervention (control #3), or ve-
hicle instead of CSST (control #4), or nicotine (1.0 mg/
kg) alone (control #5).

2.7. Statistical analysis

Results are presented as mean±standard error of the 
mean. Normality of the distribution of all variables was 
checked by one-sample Kolmogorov-Smirnov test. Be-
cause the study data were not distributed normally, 
we used 2-way repeated measures ANOVA on ranks 
and nonparametric Tukey test. Any differences show-
ing a P<0.05 were considered statistically significant.

3. Results

In experiment I, intervention-free and vehicle-treated 
rats (control groups #1 and #2) were immobile for 8-16 
s (Table 1). These results are generally consistent with 
data obtained in male Wistar rats by other authors [35]. 
CSST at the dose of 0.5 µg caused no catalepsy (no dif-
ferences with control group #1 and 2, P>0.05) (Table 1). 
In contrast, CSST at the doses of 2 µg and 10 µg pro-
duced cataleptic behavior. The effect was seen at all 
time points after the injection of cataleptogen (Table 1). 
These findings basically replicated our previous results 
[7, 13]. The most effective dose, 10 µg, was used in the 
next stage of the research.

In experiment II, the animals received nicotine at the 
dose of 1 mg/kg (control #5) demonstrated no catalepsy 
(mean immobile duration did not differ from those of 
intervention-free or vehicle-treated rats, P>0.05) (Table 
2). At the same time, nicotine dose-dependently inhib-
ited CSST-induced cataleptic response. The dose of 0.1 
mg/kg had no effect whereas animals treated with nico-
tine at the doses of 0.4 and 1.0 mg/kg exhibited attenu-
ated (P<0.05) response to CSST (Table 2). Nicotine with 
doses of 0.4 mg/kg and 1.0 mg/kg were equally effec-
tive for suppressing catalepsy (mean immobility dura-
tions in these groups did not differ significantly, P>0.05). 

As can be seen in Table 2, dose-effect relationship for 
nicotine is obviously nonlinear and, in large doses, could 
be characterized as “a plateau effect”. Thus, further in-
crease in the dose of nicotine may not result in more 
pronounced inhibition of catalepsy. 
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4. Discussion

At the present study, nicotine inhibited CSST-induced 
catalepsy (Table 2). At the same time, a lower risk for 
IPD among tobacco smokers suggests that nicotine-
sensitive mechanism may be implicated in the develop-
ment of IPD. Thus, our model and human illness seem 
to share common feature, i.e. the responsiveness to 
nicotine. This similarity supports the validity of CSST-
induced catalepsy as a model of parkinsonism. 

The mechanism of nicotine anticataleptic effect in 
this model is obscure. Apparently, this effect may, at 
least in part, be attributable to the ability of nicotine 
to enhance dopamine release from nigral neurons [18, 

19]. Given the relation between development of cata-
lepsy and brain dopaminergic deficiency [15, 16], such 
a mechanism seems well founded. However, nicotine 
failed to inhibit catalepsy induced by haloperidol [20, 
36, 37]. Similarly, nicotine did not influence some oth-
er rat behaviors associated with dopamine deficiency, 
particularly, amphetamine-induced rotational behavior 
[38] and exploratory asymmetric forelimb use [39]. It 
is possible that the nicotine-induced stimulation of the 
neuronal dopamine release per se may be insufficient 
to effectively potentiate dopaminergic neurotransmis-
sion and thereby inhibit catalepsy. 

In all likelihood, the mechanism of nicotine effect may 
go beyond stimulation of dopamine release from neu-

Table 1. Response of Wistar rats to CSST

Drug 
Immobile Duration at Various Time Points After Intracerebral Injection of Vehicle or CSST

60 Min 120 Min 180 Min 240 Min

No intervention (control #1) 13.1±2.14 12.8±1.97 13.4±2.09 13.1±1.95

Vehicle (control #2) 12.2±1.84 11.8±1.71 12.6±1.78 10.9±1.56

CSST (0.5 µg) 12.9±2.19 14.4±2.30 13.1±2.10 12.3±2.11

CSST (2 µg) 25.4±4.58* 23.8±3.27* 24.5±3.40** 22.9±3.18*

CSST (10 µg) 34.0±6.46* 33.3±5.49* 31.7±5.24* 32.5±5.34*

Results are presented as Mean±standard error of the mean (n=8); * P<0.01: Difference from vehicle-injected controls; ** P<0.05: Difference 
from vehicle-injected controls

Table 2. Influence of nicotine on the response to 10 µg of CSST

Drugs 
Immobile Duration at Various Times After Intracerebral Injection of Vehicle or CSST 

60 Min 120 Min 180 Min 240 Min

 No intervention (control #3) 13.9±2.14 11.6±1.97 12.4±1.97 10.8±1.93

 Vehicle (control #4) 14.3±1.99 13.6±1.91 12.0±1.68 13.1±1.83

 Nicotine (1.0 mg/kg, control #5) 13.6±2.11 14.3±2.07 13.1±1.96 -12.7±2.03

CSST 35.8±5.72** 34.1±5.79** 32.3±5.17** 35.0±5.89**

CSST+nicotine (0.1 mg/kg) 28.6±4.29*a 26.4±4.22*a 25.3±4.05**a 26.1±4.18*a

CSST+nicotine (0.4 mg/kg) 23.6±3.30*# 25.1±3.07*a 21.4±2.99*# 22.6±3.16*#

CSST+nicotine (1.0 mg/kg) 21.9±3.04*# 22.3±3.12*# 19.2±2.70*# 20.9±2.87*#

Results are presented as Mean±standard error of the mean (n=8); *P<0.05: Difference from vehicle-treated animals; **P<0.01: Difference 
from vehicle-treated animals; #P<0.05: Difference from animals treated with CSST alone; a No significant difference from animals treated 
with CSST alone (P>0.05)
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rons. Nicotine was found to enhance brain levels of so-
matostatin [40] that may contribute to the inhibition of 
CSST-induced catalepsy. Concurrently, nicotine might in-
directly stimulate CSST-induced catalepsy. This drug, as 
was shown previously, can enhance release of endog-
enous histamine from histaminergic fibers [41]. Hista-
mine, in turn, can potentiate CSST-induced catalepsy in 
Wistar rats [7]. Thus, non-linear dose-effect relationship 
for nicotine in the present study may reflect the combi-
nation of two opposite effects of nicotine. 

5. Conclusion

Whatever the mechanism of nicotine, the available 
data show common features in CSST-induced catalepsy 
and IPD. In fact, this model and human disease are asso-
ciated with the same brain abnormality i.e. a decrease 
in somatostatin activity, demonstrate a similar age-de-
pendence, and are responsive to nicotine intervention 
or tobacco smoking. These clear parallels between our 
model and human disease characteristics could facili-
tate future translational research.
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