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ABSTRACT

Background: There are interesting reports in the literature indicating
relationship of smoking /nicotine and depression. Smokers use nicotine to treat
depression. The objectives of present study were to evaluate the role of nicotine
in depression through Dopaminergic mechanism by using haloperidol induced
catalepsy model in rats and to estimate Dopamine level in brain of depressed
rats after nicotine and imipramine.

Methods: Dopaminergic activity was evaluated in haloperidol induced
catalepsy in rats. Levels of dopamine in normal as well as in depressed rats
brain was estimated using fluorimetric method. The study treatment were
administered as follows - Vehicle (s.c.), Imipramine (i.p.) - 7days, Nicotine
(subcutaneous), Nicotine (inhalation) were administered in a dose of
1ml/kg,10mg/kg,0.4mg/kg,0.2mg/kg respectively.

Results: In haloperidol induced catalepsy model, vehicle treated group showed
cataleptic effect starting at 1 hour and lasting for 6 hours. Nicotine administered
by subcutaneous route significantly reduced cataleptic score as compared to
vehicle treated group till 6 hours. Nicotine administered by inhalation route
reduced cataleptic score up to 6 hours compared with that of vehicle. Catalepsy
score in nicotine (inhalation) group was significantly less as compared to
nicotine (subcutaneous) at all time points period except 2 hours. Isolation
induced hyperactivity model was used to induce depression in rats. Dopamine
levels in rats after isolation were significantly less as compared to normal rats
(before isolation). After isolation, dopamine levels in imipramine treated rats
were significantly higher as compared to vehicle treated group. After isolation,
dopamine levels were significantly high in both groups i.e., nicotine
(subcutaneous) and nicotine (inhalation). Imipramine (7 days) and single dose
of nicotine (inhalation) showed comparable results with normal dopamine level
i.e. before isolation rats.

Conclusions: Nicotine has increased dopaminergic activity as evident by
reversal of haloperidol induced catalepsy. Dopamine level reduced in depressed
rats. Dopamine brain levels were increased, when depressed rats were treated
with Imipramine (i.p.), nicotine (s.c.), nicotine(inhaled). Single dose nicotine
given by inhalation route has produced significant antidepressant action
comparable to that of seven days’ treatment of standard antidepressant drug
imipramine in rats. In rats, nicotine by both routes i.e subcutaneous and
inhalational increased dopaminergic activity.

Keywords: Catalepsy, Dopamine, Depression, Haloperidol induced catalepsy,
Isolation induced hyperactivity, Nicotine

INTRODUCTION

There are interesting reports in the literature indicating
relationship of smoking/nicotine and depression.t
Smokers use nicotine to treat depression. It has also been
observed that the chances of stopping smoking are less in
depressed patients.? Recently, interest has turned to the
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role of dopamine in depression. This is based on a wide
body of preclinical data.

There is clinical evidence identifying low concentrations
of homovanillic acid (HVA, a metabolite of DA) in the
cerebrospinal fluid (CSF) and plasma of depressed
patients.®* The same authors have studied and published
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an article regarding antidepressant effect of nicotine in
isolation induced hyperactivity model. Therefore, this
study is planned with the objectives:

e To evaluate dopaminergic mechanism in the action
of nicotine in depression.

e To estimate brainlevels of Dopamine in depressed
rats.

METHODS

Experimental protocol was approved by Institutional
Animal Ethics Committee (IAEC). Wistar rats=200-
250gm (male/female) housed in polypropylene cages
(single rat/cage) were used. (n=10 in each group).
Dopaminergic mechanism was evaluated by using
haloperidol induced catalepsy model. Study treatment in
each group:

e  Group 1: Vehicle control 1ml/kg s.c.
e Group 2: Nicotine 0.4mg/kg s.c.
e Group 3: Nicotine 0.2mg/kg inhalational.

Haloperidol was injected in a dose of 1.5mg/kg
intraperitoneally. After haloperidol injection, nicotine
was injected by subcutaneous or inhalational route in a
dose of 0.4mg/kg and 0.2mg/kg respectively. Catalepsy
score in study treatment groups was measured from O hr
to 6 hrs. This was compared with the control group.

Catalepsy following the injection of haloperidol was
measured every hour over for 6hours by using the
standard bar test. Forelimbs of a rat were placed on a
horizontal bar of diameter 1.5cm and at the height of
7cm. Length of time, the rat maintained this position on
horizontal bar was measured in seconds.

Catalepsy induced by haloperidol in vehicle treated group
was considered as control.>® The scoring was done as
described by Green et al (Table 1).

Table 1: Scoring described by Green et al.

Total time of Total time of

0-10 0 121-150 03
11-30 0.5 151-180 35
31-60 01 181-210 04
61-90 15 211-240 4.5
91-120 02 240-o 05

Biochemical estimation of brain dopamine levels

Study treatment in each group contains normal rats and
depressed rats.

Normal rats

e Group 1: Vehicle (1ml/kg s.c.)

Depressed rats

e Group 2: Vehicle (Iml/kg s.c.)

e Group 3: Imipramine (10mg/kg i.p.) for 7
consecutive days.

e Group 4: Nicotine (0.4mg/kg sc)-Single dose

e  Group 5: Nicotine (0.2mg/kg inhalation)-Single dose

Isolation induced hyperactivity model was used to induce
depression in rats. Study treatment administered during
isolation period.

Extraction

Before extraction of rat brain tissue, rats were isolated for
15 days. After seven days’ treatment of imipramine
andsingle dose administration of nicotine, rats were
sacrificed by cervical dislocation (According to CPCSEA
guidelines, this method is acceptable for euthansia of
laboratory animals). Whole brain was dissected and the
tissue was homogenized in 0.1 ml HCI-butanol (0.85 ml
37% HCI in 1 litre n-butanol for spectroscopy) forl
minute in a glass homogenizer.

The sample was then centrifuged for 10 min at 2000 g.
An aliquot of the supernatant phase (0.08 ml) was
removed and added to an Eppendorf reagent tube (vol.
1.5 ml) containing 0.2 ml heptane (for spectroscopy) and
0.025 ml HCI 0.1 M. After 10 min of vigorous shaking,
the tube was centrifuged under the same conditions as
above in order to separate the two phases, and the
overlaying organic phase was discarded. The aqueous
phase (0.02 ml) was then taken for DA assay. All steps
were carried out at 0°%,

Dopamine assay

Braindopamine levels were estimated by fluorimetric
method as described by Margret and Walter. The assay
represents a miniaturization of the trihydroxyindole
method

Statistical analysis

The results were expressed as total catalepsy score.
Statistical significance was determined by Kruskal Wallis
test followed by Dunn test, using Primer of Biostatistics.
p< 0.05 was considered to be statistically significant.®
Data was analyzed by one-way analysis of variance
(ANOVA) followed by Tukey test, using Primer of
Biostatistics. P <0.05 was considered as significant.

RESULTS

Dopaminergic mechanism by using haloperidol induced
catalepsy model. In this study, vehicle treated group had
catalepsy score of 5 from 1 hour to 6 hours. Nicotine
administered by subcutaneous route significantly reduced
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catalepsy score as compared to vehicle treated group
from 1 hour to 6 hours (p<0.05).

Table 2: Catalepsy score in nicotine treated rats.

Haloperidol induced catalepsy score (N=10)

Time Vehicle(s.c.) Nicotine(s.c.) Nicotine(inhal.)

(Hrs) (Median) (Median) (Median)
0 0 0 0

1 5 1** 0.5¢##

2 5 2%* 1.25¢¢

3 5 3** ettt

4 5 3% ettt

5 5 3.5** Dottt

6 5 3.5** 225

** =V/ehicle Vs Nicotine(s.c.)
*» = Vehicle Vs Nicotine(inhal.)
## =Nicotine(s.c.) Vs Nicotine(inhal.)

Nicotine administered by inhalation route reduced
catalepsy score of haloperidol up to 6 hrs compared with
that of vehicle (p<0.05). As compared to subcutaneous,
inhalational nicotine had significantly lower catalepsy
score at all time points except at 2 hours (Table 2).

Effect of study treatment on brain dopamine levels are
depicted in Table 3. Brain dopamine levels in Normal rats
was 128.35 ng/g of brain tissue. Levels of dopamine
significantly reduced to 30.08ng/g in brain tissue in
depressed rat (p <0.001). Dopamine levels in the vehicle
treated group in depressed rats were compared with the
three-study treatment group i.e. imipramine, nicotine (sc)
and nicotine (inhalation) after isolation.

Table 3: Results of Brain DA level after study
treatment in isolated rats.

Brain Dopamine levels

CIBUps TR in depressed rats

q Vehicle control 128.35+19.69
(Normal rats)

Vehicle control

’ (Depressed rats) 30.08+8.34 #iti
Imipramine
’ (10mg/kg) -7 days ~ 107.93+13.44%**

(Depressed rats)
Nicotine (0.4mg/kg

4 s.c.) SD (Depressed 47.83+9.73**
rats)
Nicotine (0.2mg/kg

5 inhal.) SD 97.52+13.98 ***

(Depressed rats)
SD =Single dose
### = Vehicle control (before isolation) Vs Vehicle control
(after isolation) (p <0.001)
After isolation
*** =\/ehicle Vs Imipramine (10mg/kg) -7 days (p <0.001)
** = Vehicle Vs SD Nicotine (0.4mg/kg s.c.) (p <0.001)
*** = Vehicle Vs SD Nicotine (0.2mg/kg inhal.) (p <0.001)

Dopamine levels were significantly increased in
imipramine treated groups to 107.93ng/g of brain tissue.
This increase was highly significant as compared to the
dopamine levels in vehicle treated groups in depressed
rats. Difference between dopamine levels of vehicle and
imipramine treated groups was highly significant (p
<0.001).

Dopamine levels in depressed rats were found to be
significantly ~ higher in  Nicotine  administered
subcutaneous (47.83ng/g) of brain tissues compared to
vehicle treated depressed rats. Similarly, Dopamine levels
increased significantly in depressed rats treated with
nicotine inhalational (97.52ng/g) of brain tissues as
compared to vehicle treated depressed rats. Nicotine
administered by subcutaneous and inhalational route
showed significantly increased brain dopamine levels as
compared to vehicle treated rats after isolation i.e. in
depressed rats.

Dopamine levels of nicotine treated by subcutaneous
route were significantly less as compared to dopamine
levels of imipramine treated rats (p <0.001). Dopamine
level in group receiving Nicotine by inhalational route
was comparable with imipramine group.

Seven days’ treatment with imipramine and single dose
of nicotine administered by inhalational route in
depressed rats showed comparable results with dopamine
levels in normal rats.

DISCUSSION

Haloperidol causes extra pyramidal symptoms by
inhibiting D, receptors and the drugs increasing release of
DA inhibit development of these symptoms.1®! Popik P
reported antidepressant activity after two weeks of
chronic treatment with imipramine and after one week of
treatment with combination of nicotine and imipramine,
in apomorphine induced hyperactivity model. This effect
could be due to nicotine’s adaptive action on
dopaminergic system and imipramine’s action on
noradrenergic system.'? In present study, nicotine given
by both subcutaneous and inhalational routes inhibited
haloperidol induced catalepsy. Isolation induced
hyperactivity method was used to induce depression in
rats.’®* Dopamine levels in depressed rats were
significantly increased in imipramine group. It was found
that dopamine levels in groups receiving nicotine by both
route i.e. subcutaneous and inhalational were increased as
compared to vehicle treated depressed rats.

The study also showed that inhalational nicotine
increased dopamine in depressed rat brain, but lesser in
magnitude as compared to imipramine. Increased levels
of dopamine in rat brain substantiate the findings of our
study confirming the effect of imipramine and nicotine.
Other studies with subcutaneous implantation of nicotine
showed a delayed antidepressant action in learned
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helplessness models. The results of our study are
consistent with the same.1415

Inhalational nicotine reduced catalepsy at all time points
indicating that inhalational nicotine increased levels of
dopamine for a longer time in rat brain. A single dose of
inhalational nicotine showed comparable result to that of
seven-day treatment with imipramine. This is of clinical
importance since at present no satisfactory drug treatment
is available for an acute episode of depression.

CONCLUSION

The present study shows that brain dopamine levels are
low in rats with depression. Nicotine increased brain
dopamine levels in these rats. Thus, antidepressant effect
of nicotine observed by the present authors may be
exerted by increasing brain dopamine levels.
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