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Abstract

Background & Objectives: Earlier studies from our laboratory
have confirmed the role of melatonin in the reversal of morphine
tolerance and dependence in mice. The present study was
performed to explore the possible involvement of melatonin in
the reversal of diazepam tolerance and dependence in mice.

Methods: Diazepam (20 mg/kg/day, i.p.) was administered
chronically on days 1-21. Mirrored-chamber was used to evaluate
the anxiogenic reaction in mice due to withdrawal. Melatonin
(2.5 or bmg/kg; i.p.) was administered daily prior to diazepam
administration for 21 days.

Results: Chronic administration of diazepam (20 mg/kg/day;, i.p.)
ondays 1-21 and its withdrawal produced anxiogenic reaction in
mice as assessed in the mirrored-chamber test. Daily
administration of melatonin (2.5 or 5 mg/kg, i.p.) prior to
diazepam for 21 days prevented withdrawal-induced anxiety in
mice. However, acute administration of a single dose of melatonin
(2.5 orb mg/kg), to animals withdrawn from diazepam, i.e. on
the 22nd day, did not prevent withdrawal-induced anxiety.
Diazepam withdrawal also induced a significant increase in the
locomotor activity of mice indicating an anxiogenic response.
Daily administration of melatonin (2.5 or 5 mg/kg) prior to
diazepam for 21 days also prevented withdrawal- induced
increased locomotor activity. Both acute and chronic
administration of melatonin (2.5 and 5 mg/kg) exhibited a
significant protection against diazepam withdrawal-induced
anxiety and hyper locomotor activity in mice.

Conclusions: The result suggests the protective effect of this
safe drug, melatonin, in the management of diazepam withdrawal
reactions.
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Introduction

The benzodiazepines are widely prescribed for the treatment of
anxiety and sleep disorders. These agents are extremely safe, but
tolerance (1- 3) and physical dependence develops rapidly upon
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long-term exposure (1-5). In animal models tolerance to their
anxiolytic activity can also be measured. On abrupt withdrawal
from benzodiazepine exposure, patients can experience a number
of symptoms indicative of a dependent state and physical aspects
of the withdrawal phenomena can be reproduced in animals.
The benzodiazepines produce their beneficial effects by interaction
with GABA A receptors, but it appears that tolerance and
dependence are not due to a simple down regulation of these
receptors (6).

Pineal hormone melatonin has been suggested to produce its
CNS depressant effects by interacting with the benzodiazepine
receptors (7). Further, the presence of high affinity melatonin
recognition sites in the CNS, particularly their localization in areas
such as forebrain and spinal cord, show that these receptors may
be involved in the regulation of sensory transmission, visceral
and autonomic reflexes (8,9). Melatonin (N-acetyl-5-methoxy-
tryptamine), the chief indolamine produced by the pineal gland,
has been shown to be an effective antioxidant and free radical
scavenger (10-13). Melatonin is a broad spectrum free radical
scavenger and indirect antioxidant. Melatonin, apart from direct
free radical scavenging activity, indirectly enhances antioxidative
defense mechanisms by increasing the activities of several
antioxidant enzymes and by stimulating the synthesis of another
important intracellular antioxidant, glutathione (GSH) may be
involved in the regulation of sensory transmission, visceral and
autonomic reflexes (14-15). Melatonin, because of its small size
and high lipophilicity, crosses biological membranes easily, thus
reaching all components of the cell (16).

Melatonin has been shown to exert an antioxidant effect on
dopaminergic neurons (17), as well as dopaminergic modulating
activities (18) suggesting thereby the possibility of melatonin being
useful in the treatment of some aspects of drug abuse in man. In
the present study, therefore, a possible effect of melatonin in the
induction and expression of benzodiazepine tolerance and
withdrawal-induced hyperlocomotor activity and anxiety was
studied.

Materials and Methods

Animals

Albino mice (Laka strain) of either sex (20-25 g, bred in Central
Animal House facility of the Panjab University, Chandigarh) were
housed 5 per cage at room temperature and allowed to adapt to
laboratory conditions for at least 2 days before the initiation of
any experiment. The animals were housed under a natural light
and dark cycle, and had free access to food and water. FEach
animal was used only once. All experiments were carried out
between 0900 and 1700 h. The experimental protocols were
approved by the Institutional Animal Ethics Committee and
conducted according to the Indian National Science Academy
Guidelines for the use and care of experimental animals.

Induction of BZD tolerance and withdrawal

Animals were made BZD dependent by administration of
diazepam (20 mg/kg/day, i.p.) for 21 consecutive days (19,20).
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The injections were made daily at 1000 h. Control animals were
injected with the vehicle alone. Development of BZD tolerance
was assessed 30 min after the last injection of diazepam, and
the spontaneous drug withdrawal was started 24h after the last
injection. Similarly, in combination studies, melatonin and
diazepam were administered concurrently for 21 days. The control
animals were treated with the vehicle alone.

Treatment schedule

Diazepam (20 mg/kg, i.p.) was administered once daily for 21
days. Melatonin (2.5 or 5 mg/kg, i.p.) was administered for
21days. Similarly, in combination studies melatonin and diazepam
were administered concurrently for 21 days. For the assessment
of effect of melatonin on the expression of tolerance and
withdrawal, mice that had received diazepam during the induction
phase (days 1-21) were acutely treated with melatonin on day
22. The control animals were treated with vehicle alone. Various
treatment groups (pretreatment : treatment) included (1) saline :
vehicle; (2) vehicle : diazepam (20 mg/kg, i.p.); (3) saline :
melatonin (2.5 or 5 mg/kg, i.p.); (4) melatonin (2.5 or 5 mg/kg,
i.p.) : diazepam (20 mg/kg, i.p.).

Measurement of locomotor activity

The diazepam withdrawal-induced hyper loco motor activity of
mice was measured in actophotometer for a period of 5 minutes
and the ambulatory and total activities recorded. The locomotion
was expressed in terms of total photobeam counts/5 min. per
animal.

Measurement of anxiety - Mirrored chamber test

The mirrored chamber used for mice consists of a wooden
chamber having a mirror-chamber enclosed within it. During the
5 min test session the following parameters were noted: (i) transfer
latency, (ii) the total time spent in mirror-chamber, (iii) number
of entries the animal made in mirror-chamber. Animals were put
individually at the distal corner of the mirrored chamber facing
towards the mirror-chamber at the beginning of the test. An
anxiogenic response was defined as decreased number of entries
and time spent in the mirror chamber (21).

Drugs

Diazepam (Intas, India) was dissolved in distilled water (water
soluble injection). Melatonin (Morepen, India) was dissolved in
distilled water. The selection of doses was based on previous
work done in our pharmacology research laboratory.

Statistical Analysis

The data expressed as mean + SEM were analyzed by one way
analysis of variance (ANOVA) followed by Dunnett's t-test. A
value of P< 0.05 was considered statistically significant.

Results

Effect of melatonin on diazepam tolerance and withdrawal in
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mice on chronic administration of diazepam (20 mg/kg/day, i.p.)
resulted in tolerance to both the behavioral sedation and anxiolytic
effects. Abrupt discontinuation of diazepam, after 21 days
treatment, resulted in withdrawal syndrome manifested as hyper
loco motor activity and severe anxiety, i.e., a decrease in the
number of entries and time spent in mirrored chamber at 24, 48
and 72h after the last injection. The peak withdrawal hyper loco
motor activity and anxiety were observed on the third day of
diazepam withdrawal. Co-administration of melatonin (2.5 or 5
ma/kg, 1.p.) significantly prevented the development of diazepam
tolerance and attenuated the withdrawal-induced hyper locomotion
and anxiety state in mice. No significant alterations in any
parameter were observed with melatonin (2.5 or 5 mg/kg, i.p.)
given alone for 21 days when compared with vehicle-treated mice.

Chronic administration of melatonin (2.5 or 5 mg/kg, i.p.) along
with diazepam had no significant effect per se, but significantly
reversed dose-dependent withdrawal-induced hyperlocomotor
activity and severe anxiety.

Discussion

Benzodiazepines are one of the most widely used class of drugs
in the management of anxiety, insomnia, muscle spasms,
convulsions and alcohol withdrawal. However, their indiscriminate
use has shown that these agents have a potential for producing
physiological and psychological dependence.

All drugs including opiates and benzodiazepines when
administered systemically lead to an increase in extra cellular
levels of DA in mesolimbic pathway (22). Benzodiazepines produce
drug dependence and withdrawal reactions on abrupt termination.
These reactions involve both GABA / BZ receptor system and
noradrenergic hyper-function in the brain. Apart from GABA,
other neurotransmitter systems are also implicated in the
psychopathology of benzodiazepine withdrawal. For example,
diazepam withdrawal causes increased release of serotonin (5-
HT) from the amygdala of rats, and this may contribute to the
anxiogenic response (23). Exposure to anxiogenic drugs is also
associated with increased activity of the neurotransmitter
dopamine (DA) in the nucleus accumbens (24).

The present study demonstrated that melatonin can attenuate
the BZD abstinence syndrome. Melatonin administration alone
for 21 days did not result in significant differences in loco motor
behavior, which suggest the present attenuation effects upon BZID
withdrawal were independent of motoricity.

Involvement of GABAergic and non-GABAergic mechanisms in
withdrawal reactions are well documented. Melatonin significantly
prevented the development of severe withdrawal to diazepam,
the response being more pronounced at 24 h of withdrawal.

Melatonin is a safe drug having no apparent response per se on
reward system. Concurrent administration of this drug may help
in preventing the development of tolerance and dependence to
benzodiazepines and other psychotropic drugs. The drug is also
effective in combating withdrawal reactions to chronic
administration of diazepam.
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Fig.l.  Effect of co-administration of melatonin on ambulatory activity (measurement of loco motor activity) in diazepam-withdrawn
mice. Values expressed mean + SEM. P<0.05 as compared to diazepam treated group (for treatment schedule see text)
(ANOVA followed by Dunnett s t-test).
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Fig.2 (A) Effect of co-administration of melatonin on number of entries, in mirrored-chamber (measurement of anxiety) in diazepam

withdrawn mice. Values expressed mean + SEM. P<0.05 as compared to diazepam treated group (for treatment schedule see
text) (ANOVA followed by Dunnetts t-test).
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withdrawn mice. Values expressed mean £ SEM. P<0.05 as compared to diazepam treated group (for treatment schedule see
text) (ANOVA followed by Dunnett’s t-test).

70 -
60 o
_.50 4
m
]
@ ¢ ¢
Ldi 407 K
c
@
[o%
n
£30-
=
©
=
20 4
«=$=—Control == Diazepam (20)(W/D)
10 - === Diazepam (20) (W/D)+Melatonin (2.5) === Diazepam (20) (W/D)+Melatonin (5)
0 LJ v v L] L]
Day1 Day 21 Day1 (W/D) Day2 (W/D) Day3 (W/D)
DAYS

Fig. 2 (C). Effect of co-administration of melatonin on mean time spent in mirrored-chamber (measurement of anxiety) in diazepam
withdrawn mice. Values expressed mean = SEM. P<0.05 as compared to diazepam treated group (for treatment schedule see
text) (ANOVA followed by Dunnett’s t-test).
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Melatonin (N-acetyl-5-methoxytryptamine), the chief indolamine
produced by the pineal gland, has been shown to be an effective
antioxidant and free radical scavenger (10-13). Melatonin, apart
from direct free radical scavenging activity, indirectly enhances
anti oxidative defense mechanisms by increasing the activities of
several antioxidant enzymes and by stimulating the synthesis of
another important intracellular antioxidant, glutathione (GSH)
(14-15). Melatonin has been shown to exert an antioxidant effect
on dopaminergic neurons, as well as dopaminergic modulating
activities (17, 18). Melatonin, by acting through its own plasma
membrane receptors, facilitates inhibitory GABAergic
neurotransmitter functions, antagonizes 5-HT-2A/2C receptor-
mediated behavioral responses and affects cholinergic
neurotransmission in the nucleus accumbens (25-30). Besides
these actions, at a cellular level melatonin suppresses nitric oxide
synthase (NOS) activity via complex formation with cytoplasmic
calmodulin in brain regions concerned with motor, autonomic
and vegetative functions (31,32).

The present study provides evidence for the de-addiction potential
of acute as well as chronic administration of melatonin against
diazepam. The mechanism of action of reversal of diazepam
tolerance and withdrawal-induced hyper loco motor activity and
anxiety by melatonin, still remains to be explored.

Taken together, the present study shows that melatonin significantly
reverses the development of diazepam tolerance and withdrawal-
induced hyper loco motor activity and anxiety in mice.
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