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ABSTRACT

Background: Reduction in brain serotonin (5-HT) levels contributes to
depression. Nicotine may have antidepressant properties and smokers self-
medicate underlying depression. Epidemiological findings suggest that smokers
more often demonstrate depressive symptoms than non-smokers and depressed
patients are less likely to cease smoking. Therefore, the study was planned to
evaluate the effect of nicotine on serotonin levels in brain of depressed rats.
Methods: Antidepressant action of study drugs was evaluated using isolation
induced hyperactivity model in rats. Rats were divided into five groups with six
rats in each group. Study groups: Vehicle in normal rats 1 ml/kg
(subcutaneous); vehicle after isolation 1ml/kg (subcutaneous); imipramine 10
mg/kg (intraperitoneal) for 7 consecutive days; single dose of nicotine 0.4
mg/kg (subcutaneous); single dose of nicotine 0.2 mg/kg (inhalational). Brain
serotonin assay was carried out. The statistical significance was determined by
ANOVA followed by Tukey test (p<0.05).

Results: Serotonin levels (55.93ng/g of brain tissue) in rats after isolation were
significantly less than in normal rats (335.87ng/g) (p<0.001). In imipramine
treated group, serotonin levels (301.4ng/g) after isolation were highly
significant as compared to serotonin levels in vehicle treated group after
isolation (p<0.001). Nicotine administered by subcutaneous and inhalational
route showed significantly higher brain serotonin levels, i.e. 175ng/g and
254.62ng/g respectively as compared to vehicle treated rats after isolation
(p<0.001).

Conclusions: Single dose nicotine (inhalational) 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 serotonergic activity.

Keywords: Depression, Isolation induced hyperactivity model, Nicotine,
Serotonin

INTRODUCTION

Several researchers have studied interrelation between
depression and smoking. A decrease in NA and 5-HT or
both contributes to depression. Nicotine stimulates 5-HT
release and smoking may be used by smokers to attenuate
depression. Chronic smoking has been shown to inhibit
MAO (monoamine oxidase) enzyme, thus producing
antidepressive effects.? Nicotine patches can improve
the mood in depressed patients.’

www.ijbcp.com

However, it is unclear, if nicotine or other chemicals
directly affect the brain of a depressed person. Nicotine
may have antidepressant properties and smokers self-
medicate underlying depression.*®  Epidemiological
findings suggest that smokers more often demonstrate
depressive symptoms than non-smokers and depressed
patients are less likely to cease smoking.®

Therefore, use of nicotine analogues as a therapeutic
agent for people with neurological and psychiatric
diseases opens up new therapeutic advantages."’ The
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goal of this study is to evaluate effects of nicotine in
depression via serotonergic pathway.

METHODS

Experimental protocol was approved by Institutional
Animal Ethical Committee (IAEC). Wistar rats weighing
200-250 gm housed in polypropylene cages (single
rat/cage) were used. They were fed pellet diet and water
ad-libitum. The rats were maintained under standard
conditions of temperature (250°C+50°C) and relative
humidity (55+£10%). Rats of either sex were used. Rats
were divided into five groups with six rats in each group.

Design of experiment

Antidepressant action of nicotine was studied in isolation
induced hyperactivity model in rats.® In this model of
depression, adult Wistar rats were socially deprived for a
period of 15 days. Rats were housed singly in cages
(38cmx26cmx20cm) without any visual or auditory
contact with their normally housed counter parts for 15
days. After isolation, rats became hyperactive. This
increase in locomotor activity was measured by using
digital photoactometer.® Nicotine (0.2 mg/kg) was
administered by inhalational route using Electric
dhoopdani. The study treatment was administered as
shown in Table 1.

Table 1: Study treatment.

Groups Drug used Dose
Normal rats (Before isolation)

1 Vehicle 1ml/kg (s.c.)
Depressed rats (After isolation)

2 Vehicle 1ml/kg (i.p.)

3 Imipramine for 7
consecutive days

4 Nicotine (single dose)

5 Nicotine (single dose)

10mg/kg (i.p.)

0.4mg/kg (s.c.)
0.2mg/kg (inhal.)

For 5-HT neurotransmitter estimation, five groups were
included with six rats in each groups. After seven days
treatment of imipramine and single 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 1liter n-butanol
for spectroscopy) for 1 min 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 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 upper organic phase was
discarded. The aqueous phase (0.02 ml) was then taken

for 5-HT assay. All the above steps were carried
outat0".*

Serotonin assay

Some modifications in reagent concentration became
necessary, together with changes in the proportions of the
solvents, in order to obtain a good fluorescence yield with
the reduced volumes. For 5-HT determination, the o-
phthaldialdehyde (OPT) method was employed. From the
OPT reagent (20 mg% in conc. HCI) 0.025 ml were
added to 0.02 ml of the HCI extract. The fluorophore was
developed by heating to 100°C for 10min. After the
samples reached equilibrium with the ambient
temperature, excitation/emission spectra or intensity
readings at 360-470 nm were recorded.’°

Statistical analysis

The results were expressed as meantSD. The statistical
significance was determined by one-way analysis of
variance (ANOVA) followed by Turkey test, using
Primer of Biostatistics p<0.05 was considered to be
statistically significant.'!

RESULTS

Serotonin levels in normal rats were 335.87 ng/g of brain
tissue. Levels of serotonin were significantly less in rats
after isolation i.e. 55.93 ng /g as compared to normal rats
(p<0.001). Levels of serotonin after isolation in three
study treatment groups i.e. imipramine, nicotine by
subcutaneous and inhalational route were compared with
that of levels of serotonin after isolation in vehicle treated
groups (Table 2).

Table 2: Brain serotonin (5-HT) levels.
5-HT (ng/gm)

Mean+SD
1 Vehicle control 335.87+39 46
(normal rats)
5 Vehicl_e con_trol 55 93414 547
(after isolation)
Imipramine (10mg/kg)
3 for 7 consecutive days
(after isolation)
Nicotine (0.4mg/kg s.c.)
4 single dose
(after isolation)
Nicotine (0.2mg/kg
5 inhal.) single dose
(after isolation)
### = Comparison with vehicle control (normal rats) (p<0.001)
*** = Comparison with vehicle control after isolation (p<0.001)

Groups Treatment

301.4+9.95""

175+18.55™"

254.62+22.7°"

In imipramine treated group, serotonin levels were

significantly increased to 301.4ng/g of brain tissue after
isolation. This rise in serotonin levels in imipramine
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treated group was highly significant as compared to
serotonin levels in vehicle treated group after isolation
(p<0.001). Nicotine administered by subcutaneous and
inhalational route increased serotonin levels to 175 ng/g
and 254.62 ng/g of brain tissue respectively. Nicotine
administered by subcutaneous and inhalational route
showed significantly higher brain serotonin levels as
compared to vehicle treated rats after isolation i.e. in
depressed rats (p<0.001).

Serotonin levels in group receiving nicotine by
subcutaneous route were significantly less as compared to
serotonin levels in imipramine treated rats (p<0.001).
Serotonin levels in group receiving nicotine by
inhalational route was comparable with the imipramine
group (Table 2).

DISCUSSION

Major depression is treated with drugs that inhibit the
reuptake and metabolism of biogenic amines such as
noradrenaline, serotonin and dopamine. Drugs like
tricyclic antidepressants (TCAs) and selective serotonin
reuptake inhibitors (SSRIS) do not exhibit either a faster
onset of action or greater efficacy than their
predecessors.”? Therefore, there are concerted efforts
underway to develop antidepressants with possible
advantages over currently used antidepressant drugs.*®
Depressed smokers are more dependent on smoking and
smoking cessation in these subjects is often followed by a
depressive episode.* Nicotine patches can improve the
mood of depressed patients.***

Available reports regarding antidepressant action of
nicotine are controversial. Smoking is the most common
route by which nicotine is inhaled and the results of
subcutaneous nicotine have been inconsistent in various
studies on depression. Laura A Leon suggested that for
the sake of precision in animal modeling, animal models
like active avoidance, social isolation, learned
helplessness, behavioral despair, genetic depression
models would be important to evaluate the antidepressant
activity of a new potential compound.™® Social isolation
stress is a valuable stress paradigm for investigating the
effects of chronic psychosocial stress on various
pathophysiological alterations in animals.*®

Therefore, we conducted this study that compared the
effects of imipramine, a tricyclic antidepressant and
nicotine. Nicotine was administered by subcutaneous as
well as inhalational route. Before estimation of
neurotransmitters in rat brain tissue, rats were isolated for
15 days which induced depression. In this group,
serotonin levels were significantly decreased compared to
normal rats. Increased levels of 5-HT (serotonin) were
seen in groups treated with standard antidepressant drug
imipramine and nicotine administered by inhalational and
subcutaneous route.

Our study showed that effect of single dose of
subcutaneous nicotine on 5-HT (serotonin) levels was of
lesser magnitude than inhalational nicotine and
imipramine individually. But increase in 5-HT seen with
inhalational nicotine was found to be comparable with
imipramine. ECT (Electroconvulsive therapy) is the only
treatment available for acute episode of depression with
suicidal tendency. The available standard antidepressant
drugs i.e. TCAs and SSRIs have delayed onset of action.
So, inhalational nicotine may have clinical advantage in
such situation. Partial nicotine receptor (nAChRs)
agonists varenicline, sazetidine and cytisine are potent
partial agonists at a4p2 subtype but they have very low
affinity for other nAChRs subunits like a7. They are used
in the management of depression and they have delayed
onset of action as that of standard antidepressant like
TCAs and SSRIs and require longer duration for
therapeutic benefit.®?" Future studies will explore the
relationship  between monoaminergic, serotonergic,
GABAergic and cholinergic through central neuronal
nicotinic acetylcholine receptor (nAchRs) system and
should further clarify the potential mechanisms of
nicotine involved in the neurotransmission in mood
disorders.

In present study, it was observed that single dose of
nicotine by inhalation showed faster onset of action in
isolation induced hyperactivity model. Therefore, it is
suggested that single dose of inhalational nicotinic
analogues may be the drugs of future in the management
of acute episode of depression with suicidal tendency.
Although this study makes us aware of advantages of
inhalational nicotine, it has some limitations. It did not
estimate the concentration of nicotine inhaled by rat in
the inhalational chamber. Also, rate and depth of
respiration of animal, the concentration of nicotine
responsible for pharmacological action were not
estimated. Systemic concentration of nicotine in the rat at
different time points was not calculated. Effect of
repeated doses of nicotine was not studied.

CONCLUSION

Nicotine administered by both subcutaneous and
inhalational routes increased serotonergic activity in rats.
But single dose nicotine given by inhalation route
produced statistically significant antidepressant action
comparable to that of seven days’ treatment of standard
antidepressant drug imipramine in rats.
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