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Abstract: Nicotine addiction is frequent in people with mood disorders; however the mechanisms
involved in nicotine action are not well understood, despite numerous electrophysiological,
pharmacological and behavioural studies. The present study investigates the antidepressant effect of
nicotine on 30 male Wistar rats divided into three groups. nicotine, nicotine plus mecamylamine and
control. The rats were exposed after substance administration to the forced swimming test, the most
predictive and widely used animal test for antidepressant action. The results showed a significant
increase in swimming activity, a reduction of immobility activity and a delay in immobility latency. The
effects of nicotine were blocked by mecamylamine administration. The study demonstrates that acute
nicotine administration induces the activation of serotonergic neurons, acting as an antidepressant
pharmacological agent.

Rezumat: Dependenza de nicotina este frecvent intalnita la pacienyii cu tulburari de dispozrie, totusi
mecanismele implicate Tn acfiunea nicotinel sunt Tnca insuficient cunoscute, n ciuda numeroaselor
studii de electrofiziologie, farmacologie si comportament din literatura. Studiul prezent investigheaza
efectul antidepresiv al nicotinei pe un numar de 30 de sobolani Wistar, Tmparigi in trel loturi: nicoting,
nicotina plus mecamilaming si control. Dupa administrarea substanselor, animalele au fost expuse
testului de Tnot forzat, cel mai raspandit si mai predictiv test utilizat pentru demonstrarea efectelor
antidepresive la animal. Rezultatele demonstreazz o crestere semnificativa a timpului de Tnot, o
reducere a imobilitarii si o crestere a latenzei imobilitarii. Efectele induse de nicotina au fost inhibate in
Situayia administrarii mecamilaminei. Studiul prezent demonstreaz: ca administrarea acuta a nicotinei

conduce la activarea neuronilor serotonergici si acfioneazi ca un agent farmacologic antidepresiv.

INTRODUCTION

Tobacco smoking is probably the most widespread
and persistent addiction in humans and is driven by nicotine in
tobacco smoke.

Over the last several decades, numerous studies have
investigated the molecular  genetics,  pharmacology,
electrophysiology and behaviour in nicotine reinforcement.

Although several treatments have been designed for
smoking cessation, smoking motivations like the ability to
control symptoms of anxiety and depression or the desire to
control appetite are not fully understood in terms of functional
mechanisms.(1)

Serotonin (5-HT) neurons are located mainly in the
raphe nuclei of the brain stem and provide the majority of 5-HT
innervations to the forebrain.

Their function is associated to wide spectrum of
actions in the nervous system by modulating neura
development, synaptic plasticity, pain sensation, rhythm, food
intake and a variety of behaviours.(2-4)

It has been proposed that perturbation of the 5-HT
level in the brain contributes to depression and anxiety.(5,6)
Severa lines of evidence suggest that forebrain 5-HT
contributes to acute and chronic nicotine exposure.

Nicotine increases the firing rate of neurons located in
the raphe nuclel and leads to arisein extracelular 5-HT in some
regions of the forebrain.(7,8)

Direct administration of nicotine to the dorsal raphe
nuclei (DRN) demonstrated clear anxiolytic effects (9).

Certain studies point nicotine to be involved in the
onset of depression secondary to the suppression of 5-HT
transporters (10) and the inhibition of 5-HT 3 receptors.(11)

The forced swimming test (FST) is a common
behavioural test for assessing depression in rodents and testing
the efficiency of anti-depressant drugs. Despite some
limitations, the FST is currently the most widely used preclinical
in-vivo test of antidepressant efficacy.(12,13)

PURPOSE

The am of the current study is to investigate the
effects of nicotine acute administration on a rat model of
depression, involving the forced swimming test.

To vaidate the behavioura effects of nicotine,
mecamylamine hydrochloride, a noncompetitive nicotinic
acetylcholine receptor antagonist was also administered.
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METHODS

The study was conducted in accordance with the
guiding principles for biomedical research involving animals as
stated by the European Communities Council Directive
86/609/EEC and carried out with approva of the local ethics
committee for animal research of “Carol Davild® University of
Medicine and Pharmacy (Bucharest, Romania).

Substances. Nicotine and mecamylamine
hydrochloride were obtained from SigmaAldrich Gmbh,
Munich, Germany. Both agents were administered through
intraperitoneal (i.p.) injection. A 0.15 mg/kg dose was used for
nicotine.

For mecamylamine hydrochloride a 2 mg/kg dose was
used (dissolved as base, 167.29 g per mole).

Animals and treatments. Adult male Wistar rats
(aged 14 weeks, body weight 291 + 31 g, n=30), housed in
individual cages, floored with wood shavings, in a room with
constant temperature (23°C) and 12-h light-dark cycle (lights on
at 07:00 h), with free access to rat chow and water ad libitum,
were randomly allocated into three experimental groups:
nicotine group (NIC) (N=10) — treated with nicotine i.p.
injection; nicotine and mecamylamine group (MEC) (N=10) —in
which mecamylamine was administered, rats were placed back
into home cages for 10 min before receiving the nicotine dose;
control group (N=10) received only salinei.p. injection.

Behavioural tests. The (Porsolt) forced swim test,
also known as the behavioural despair test, was used to test for
depression-like behaviour. The FST apparatus consists of a glass
cylinder (30 cm diameter, 45 cm tall) filled with water to a depth
of 20 cm and maintained at a temperature of 23-25°C.

Animals are subjected to two trials in the FST
apparatus. Thefirst trial lasts 15 minutes. Then, after 24-hours, a
second trial is performed that lasts 5 minutes. The second tria
represents the actua testing, the investigated drugs being
administered 30 minutes prior to the trial. An automated video-
tracking software system (Ethovision 3.0, Noldus, Leesburg,
VA) simultaneously analyzes the behavioral response of the
animal in real-time.

During the trial, behavioural responses are separated
into 3 categories: immobility, swimming, climbing (14).
M easurements of the behavioural response are tabulated in 10 1-
min bins.

Statistical analysis. Differences between
measurements were compared by the Wilcoxon's matched pairs
signed-rank test using SPSS software (version 11.0, SPSS Inc.,
Chicago, IL). If not otherwise indicated, results are presented as
mean = SD. Significant differences were considered if p < .05.

The administration of nicotine demonstrates a
significant reduction of immobility (90.7 + 13.1 s, p < .001)
compared to the control (147.9 + 13.5s) and MEC (137.6 + 15.1
S) groups ; and an increase in swimming activity (126.6 + 14.6 s,
p < .001) compared to control (70.4 £ 11.8 s) and MEC (75.4 +
11.1 s) groups (figure no. 1).

No significant differences were noticed between MEC
and control group, for the measurements of immobility and
swimming, as well as between the three groups while
quantifying climbing activity.

While measuring the latencies of different activities
during the FST, a significant delay was noticed for nicotine
(144.0 £ 16.9 s, p < .001) compared to control (92.0 £ 7.6 s) and
MEC (99.5 + 13.4 s) groups.

Figure no 1. Effects on immobility, swimming and climbing
in the forced swimming test in the nicotine (NIC), nicotine
plus mecamylamine (MEC) and control groups ** p < .001
vs. control and MEC groups

DISCUSSIONS

Animal behaviour during FST has been divided into
three categories: climbing has been associated to noradrenergic
neurotransmission, enhancement of 5-HT neurotransmission is
expressed during swimming, and immobility as a marker of
behavioural despair.(15,16)

In the present study the administration of nicotine
demonstrates a significant increase in serotonergic activity by
increasing swimming activity and reducing immobility. The
effect is consolidated by the results obtained from the MEC
group, which demonstrate the reversal of the effects elicited by
nicotine under mecamylamine receptor blockade. A second
finding of the present study demonstrates a significant increase
in the latency of immobility under nicotine administration,
which is also reverted by mecamylamine coadministration. A
nonsignificant difference could be noticed between the MEC
and the control groups during the FST. This difference might be
explained by the incomplete antagonist effect of mecamylamine
on the nicotinic receptors, as the o7 nicotinic acetylcholine
receptors are not blocked by mecamylamine.

Our results are in accordance with previously
published studies that demonstrate that nicotinic effects are
mediated by 5-HT1A receptors showing that nicotine can have
anxiolytic and antidepressant actions.(17) Studies done on rat
midbrain slices demonstrated an increase in DRN neurons firing
rates after the administration of nicotine, but the effects were
blocked by mecamylamine administration.(8) However, there
are still controversies in the understanding of nicotine action on
the 5-HT systems. For instance, a paradoxica situation is the
activation of the 5-HT system both by exposure to nicotine and
by withdrawal from it. Endogenous activation of several 5-HT
receptors appears to contribute to nicotine withdrawal
syndromes including anxiety (18,19) and place aversion.(20)
Another paradoxical situation is that athough nicotine
administration demonstrates antidepressant effects, as it results
from our study but aso from the literature (21), long term
administration of nicotine is associated with pro-inflammatory
processes and increased oxidative stress leading to the
development of depressive disorders.(22)

A limitation of the current study is that nicotine
administration is associated to locomotor stimulation, mediated
probably by activation of postsynaptic dopamine receptorsin the
nucleus accumbens.(23,24) Therefore a cumulative locomotor
effect due to dopamine system stimulation is hard to exclude.
The antidepressant effects of nicotine during the forced
swimming test might be enhanced through the effect of nicotine
on dopaminergic neurons (25), however this effect could be
responsible for the reduction of immobility but not for the
increase in swimming activity.(26)
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CONCLUSIONS

The results of this study show that acute nicotine

administration increases swimming activity during the forced

swimming test in

rats, presumably by stimulating the

serotonergic neurons. The concomitant administration of
mecamylamine eliminates the effects induced by nicotine. Acute
administration of nicotine demonstrates clear antidepressant
effects, however further studies are needed to fully understand
the pharmacological and behavioural action of nicotine.
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