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Abstract

In the present study the effect of nicotine on naloxone-induced jumping behaviour in morphine-dependent mice was examined. In
addition, the modulatory role of dopaminergic, adrenergic and cholinergic mechanisms upon the effect of nicotine were investigated.
Animals were rendered dependent on morphine by subcutaneous (s.c.) injections of morphine sulfate 3 times a day for 3 days, and
jumping behaviour was induced by intraperitoneal (i.p.) administration of naloxone 2 h after the tenth injection of morphine sulfate on
day 4. Nicotine (0.001-2 mg/kg s.c.) caused a significant decrease in withdrawal jumping behaviour in morphine-dependent mice. The
effect of nicotine was blocked by the central nicotinic antagonist mecamylamine (0.01-0.1 mg/kg i.p.) but not by the peripheral nicotinic
antagonist hexamethonium (0.01 and 0.1 mg/kg i.p.) nor the muscarinic receptor antagonist atropine (2.5-10 mg/kg i.p.). The dopamine
receptor antagonist SCH 23390 ( R-(+ )-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyi- 1 H-3-benzazepine-7-ol maleate) (0.01-0.5 mg/kg
s.c.) reduced the response induced by nicotine. The dopamine receptor antagonist sulpiride (25 and 50 mg/kg s.c.) and the adrenoceptor
antagonists phenoxybenzamine (5 and 10 mg/kg i.p.) and propranolol (5 and 10 mg/kg i.p.) were without an effect. The results indicate

that the effect of nicotine on naloxone-induced jumping is mediated by central nicotinic receptors.
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1. Introduction

Nicotine is the most pharmacologically active compo-
nent of tobacco products (Benowitz, 1988; Henningfield
and Goldberg, 1988; Stolerman, 1988). It exhibits
widespread pharmacological effects in the central and pe-
ripheral nervous system. Many of these effects are possibly
due to the ability of nicotine to release various neurotrans-
mitters (Balfour, 1982). In the central nervous system,
nicotinic receptor stimulation enhances the release of
acetylcholine from the cortex (Chiou et al., 1970; Nord-
berg et al., 1989), and noradrenaline (Hall and Turner,
1972; Goodman, 1974) and serotonin (Balfour, 1982) from
the hippocampus. It also increases the release of dopamine
from the limbic system (Imperato et al., 1986) and from

* Corresponding author. Department of Pharmacology, School of
Medicine, Tehran University of Medical Sciences, P.O. Box 13145-784,
Tehran, Iran.

0014-2999 /96 /$15.00 © 1996 Elsevier Science B.V. All rights reserved
SSDI 0014-2999(95)00761-X

striatal slices (Goodman, 1974; Giorguieff et al., 1979).
There is also good evidence that nicotine is involved in
activating opioid system(s) (Balfour, 1982; Davenport et
al., 1990). Nicotinic receptor stimulation activates
enkephalin release and biosynthesis in discrete brain nuclei
and adrenal chromaffin cells (Eiden et al., 1984; Houdi et
al., 1991). These findings may have some bearing on the
observation that opiate addicts and cigarette smokers dis-
play parallel emotional profiles during abstinence from
their habits (Gossop et al., 1990). This hypothesis would
predict that nicotine should alleviate at least some of the
signs of morphine abstinence. There is a report that nico-
tine suppresses naloxone-induced jumping in morphine-de-
pendent mice (Brase et al, 1974). The purpose of the
present study was to determine the possible mechanism(s)
of the suppressive action of nicotine on the jumping
behaviour induced by the opiate antagonist naloxone as an
index of withdrawal in mice treated chronically with mor-
phine and injected with naloxone (Way et al., 1969; Sae-
lens et al., 1971).
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2. Materials and methods
2.1. Animals

Male albino mice (20-25 g) were housed in plastic
cages in an animal room maintained at 21 4 2°C on a 12-h
dark cycle. Food and water were available at all times
except during the experiments. Each animal was used once
only and was killed immediately after the experiment.

2.2. Induction of dependence

The mice were rendered dependent on morphine using
the method previously described by Marshall and Gra-
hame-Smith (1971). Morphine sulfate was injected subcu-
taneously (s.c.) 3 times daily at 9:30, 13:30 and 17:30 h on
the following dosage schedule. The first three doses were
50, 50 and 75 mg/kg, respectively. The higher dose at the
third daily injection was aimed to minimize any overnight
withdrawal. Each of the doses was then increased by 25
mg/kg/day. Morphine administration was carried out over
a maximum of 3 days for all groups of mice. A dose of 50
mg/kg of morphine sulfate also was injected on the 4th
day (2 h before naloxone injection). Hyperactivity and the
Straub tail effect were seen after morphine injections. With
chronic administration of morphine sulfate, loss of weight
(8—12%) and death (5-10%) also were observed.

2.3. Jumping

Groups of mice were tested for the occurrence of
jumping after their tenth injection of morphine on day 4.
Two hours after the last dose of morphine (50 mg/kg),
abstinence was precipitated by an intraperitoneal (i.p.)
injection of naloxone; then animals were placed individu-
ally on filter paper in a cylindrical glass (25 cm in
diameter, 40 cm height) and the number of jumps was
recorded over a 30 min period.

2.4. Drugs

The following drugs were used: atropine sulfate (Merck,
Germany), domperidone (Research Biochemicals, USA),
hexamethonium bromide (Sigma, UK), mecamylamine HCI
(Merck, Germany), morphine sulfate (MacFarlan Smith,
UK), naloxone HCI (Sigma, UK), nicotine hydrogen ( +)-
tartrate (BDH Chemicals, UK), phenoxybenzamine HCI
(SK&F, USA), propranolol (ICI, UK), SCH 23390 (R-
(+)-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyl-1 H-3-
benzazepine-7-ol maleate; Research Biochemical, USA)
and sulpiride (Sigma, UK). Nicotine solutions were pre-
pared in saline and the pH was adjusted to 7.2 + 0.1 with
sodium hydroxide. In ali cases, the drug doses reported are
for the base, except for morphine sulfate. The drugs were
dissolved in saline, except for sulpiride and domperidone,
which were dissolved in a drop of acetic acid and diluted

with saline. SCH 23390 was dissolved in a drop of lactic
acid and diluted with saline. The vehicle control in respec-
tive cases was acetic acid or lactic acid in saline. The
drugs were given in a volume of 10 ml/kg and were
prepared immediately before use. The doses of antagonists
and pretreatment time were usually those used previously
and shown to be pharmacologically active (Zarrindast and
Abolfathi-Araghi, 1992; Zarrindast and Tabatabai, 1992;
Zarrindast and Heidari, 1994).

2.5. Statistical analysis
Comparisons between groups were made with a New-
man-Keuls test following ANOVA. Differences with P <

0.05 between experimental groups at each point were
considered statistically significant.

3. Results

3.1. Naloxone-induced withdrawal jumping in morphine-
dependent mice

Fig. 1 shows the number of jumps per mouse during the
abstinence syndrome elicited by different doses of nalox-
one. Naloxone produced significant withdrawal jumping in
morphine-dependent mice [ F(7,64) = 82.3, P < 0.01]. The
maximum response was obtained with 20 mg/kg of the
drug. The dose of 5 mg/kg of naloxone was chosen for
morphine withdrawal-induced jumping in subsequent ex-
periments.

3.2. Effects of nicotine on naloxone-induced jumping

Nicotine, when administered 15 min before naloxone (5
mg/kg, i.p.), significantly decreased the jumping response
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Fig. 1. Dose-refated induction of jumping behaviour by injection of
naloxone into morphine-treated mice. Each group had 9 mice. Data are
means +S.EM. " P <0.05, " " P < 0.01 different from the control group
(saline-treated animals).
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Fig. 2. Effects of different doses of nicotine on jumping induced by
naloxone (5 mg/kg, i.p.) in morphine-dependent mice. Each group had 9
mice. Data are means+S.EM. * P <0.01, different from the control
group.

induced by naloxone in morphine-dependent animals
[F(5,48) =328, P <0.01]. The nicotine response was
dose-dependent, with an EDs, of 0.1 mg/kg (obtained by
regression analysis) (Fig. 2).

3.3. Effects of mecamylamine on the suppressive action of
nicotine

Pretreament of animals with different doses of mecamy-
lamine 5 min prior to nicotine (0.1 mg/kg, s.c., 15 min
before naloxone) produced a statistically significant reduc-
tion [F(3,32) = 11.2, P < 0.01] of the inhibitory response
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Fig. 3. (A,B) Effects of mecamylamine on jumping induced by naloxone
(5 mg/kg i.p.) in morphine-dependent mice, in the presence (A) or the
absence (B) of nicotine (0.1 mg/kg, s.c.). Results are expressed as
means + S.E.M. for 9 mice. * P <0.05, * * P < 0.01, different from the
control group.

induced by nicotine (Fig. 3A). However, administration of
mecamylamine alone, 20 min before naloxone, did not
alter the withdrawal jumping induced by the opioid antago-
nist [ F(3,32) = 1.42, P > 0.05] (Fig. 3B).

3.4. Effects of hexamethonium and atropine on the sup-
pressive action of nicotine

Naloxone-induced jumping in morphine-dependent mice
in the presence of nicotine (0.1 mg/kg s.c., 15 min before
naloxone) + either hexamethonium (0.01 and 0.1 mg/kg
1.p., 15 min before nicotine, 96 + 15 and 97 + 11, respec-
tively) or atropine (2.5, 5 and 10 mg/kg i.p., 15 min
before nicotine, 107 + 8, 112 +- 15 and 105 + 11, respec-
tively) was not significantly different from that induced
when nicotine (0.1 mg/kg s.c., 92+ 11) was injected
[F(5,48) = 0.4, P> 0.05].

Jumping induced by naloxone in animals treated with
either hexamethonium (0.01 and 0.1 mg/kg i.p., 30 min
before naloxone, 142 +9 and 149 + 27, respectively) or
atropine (2.5, 5 and 10 mg/kg i.p., 30 min before nalox-
one, 176 + 26, 184 + 27 and 166 + 14, respectively) alone
also was not significantly different from that of the saline
controls (10 ml/kg i.p., 150 + 11) [F(5,48)=0.67, P >
0.05].

3.5. Effects of dopamine D, and D, receptor antagonists
on the suppressive action of nicotine

Pretreatment of animals with SCH 23390, 15 min be-
fore nicotine (0.1 mg/kg, s.c.), dose relatedly antagonized
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Fig. 4. (A,B Effects of SCH 23390 on jumping induced by naloxone (5
mg/kg i.p.) in morphine-dependent mice, in the presence (A) or the
absence (B) of nicotine (0.1 mg /kg, s.c.). Each group had at least 9 mice.
Results are expressed as means+S.EM. * P < 0.01, different from the
control group.
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the reduction of jumping induced by nicotine [F(3,57) =
10.2, P <0.01] (Fig. 4A). Pretreatment of animals with
SCH 23390 alone significantly decreased the jumping
response induced by naloxone in morphine-dependent mice
[F(3,32) =6.1, P <0.01]. The lowest dose of SCH 23390
(0.01 mg/kg) was able to maximally suppress
withdrawal-induced jumping, although it was ineffective in
altering the action of nicotine (Fig. 4B).

Jumping induced by naloxone in animals treated with
nicotine (0.1 mg/kg s.c., 15 min before naloxone) +
sulpiride (25 and 50 mg/kg s.c., 90 min before naloxone,
98 + 12 and 88 + 11, respectively) was not significantly
different from jumping induced in animals treated with
vehicle (10 ml/kg s.c.) + nicotine (0.1 mg/kg s.c., 87 +
20) [F(2,24)=0.2, P> 0.05]. The response induced in
the presence of nicotine (0.1 mg/kg s.c., 15 min before
naloxone) + domperidone (5 and 10 mg/kg s.c., 20 min
before naloxone, 92 + 20 and 107 + 11, respectively) also
was not significantly different from that of mice given the
vehicle (10 ml/kg s.c.) + nicotine (0.1 mg /kg s.c., 84 + 8)
[F(2,24)=0.8, P> 0.05].

Treatment of animals with sulpiride (25 and 50 mg/kg
s.c., 164 + 22 and 166 + 24, respectively) itself did not
have any significant effects on the jumping induced by
naloxone in morphine-dependent mice as compared with
vehicle controls (10 ml /kg s.c., 154 + 18) [ F(2,24) = 0.01,
P > 0.05]. Domperidone itself (5 and 10 mg/kg s.c.,
147 + 25 and 141 + 23, respectively) likewise was devoid
of activity in this regard, as compared with vehicle con-
trols (10 ml /kg s.c., 152 + 11) [ F(2,24) = 0.08, P > 0.05].

3.6. Effects of propranolol and phenoxybenzamine on the
suppressive action of nicotine

Jumping induced by naloxone in morphine-dependent
mice treated with either nicotine (0.1 mg/kg s.c., 15 min
before naloxone) + propranolol (5 and 10 mg/kg i.p., 60
min before naloxone, 95 + 20 and 87 + 9, respectively) or
nicotine (0.1 mg/kg s.c., 15 min before naloxone) +
phenoxybenzamine (2.5 and 5 mg/kg i.p., 60 min before
naloxone, 93 + 8 and 97 + 13, respectively) was not sig-
nificantly different from that induced in animals treated
with saline (10 ml/kg i.p.) + nicotine (0.1 mg/kg s.c.,
85 + 12) [F(4,40) = 0.16, P > 0.05].

Jumping induced by naloxone in morphine-dependent
mice was not altered in animals treated with propranolol (5
and 10 mg/kg i.p., 60 min before naloxone, 132 + 24 and
125 + 12, respectively) or phenoxybenzamine (5 and 10
mg /kg i.p., 60 min before naloxone, 133 + 14 and 130 +
11, respectively) as compared with that of saline controls
(141 + 13) [F(4,40) = 0.14, P > 0.05].

4. Discussion

In the present experiment nicotine was remarkably ef-
fective in reducing the incidence of withdrawal jumping in

morphine-dependent mice. The results indicate that nico-
tinic receptor mechanism(s) may be involved in the sup-
pressive action of nicotine. Interactions between nicotinic
receptors and opioid systems were observed in relation to
the release of endogenous opioid peptides, including
enkephalins (Eiden et al., 1984; Davenport et al., 1990;
Houdi et al., 1991) and B-endorphin (Rosecrans et al.,
1985). This leads to the hypothesis that nicotine may
stimulate the release of endogenous opioid peptides, with
overactivation of opioid receptors as a result (Malin et al.,
1993, 1994). It may be that nicotine suppresses withdrawal
jumping by such a mechanism.

The present data demonstrate that the central nicotinic
receptor antagonist mecamylamine (Martin et al., 1989),
but not the peripheral nicotinic receptor antagonist hexa-
methonium, antagonized the suppression of withdrawal
jumping produced by nicotine in a dose-related manner.
Since the muscarinic receptor antagonist atropine did not
alter the effect of nicotine, both peripheral and central
muscarinic receptor involvement may be excluded. Several
investigations have indicated that nicotine increases acetyl-
choline release in brain (Balfour, 1982; Nordberg et al.,
1989), suggesting that nicotine can directly and indirectly
stimulate nicotinic receptors. Other authors have also
pointed out that withdrawal jumping in morphine-depen-
dent mice can be inhibited by acetylcholine receptor ago-
nists and potentiated by acetylcholine receptor antagonists
(Jhamandas and Dickinson, 1973; Jhamandas et al., 1973;
Brase et al., 1974).

It has also been reported that morphine inhibits the
release of substance P from the spinal cord and that
substance P accumulates during the development of mor-
phine dependence, possibly due to chronic inhibition of
substance P release (Bergstrom et al., 1984). There is a
report showing that the opioid receptor antagonist nalox-
one is able to release substance P and that substance P
receptor antagonists inhibit naloxone-induced withdrawal
jumping (Ueda et al., 1987). Since nicotine has been
proposed to inhibit substance P release through a presynap-
tic nicotinic receptor mechanism (Torrens et al., 1981), it
may be that nicotine suppresses withdrawal jumping by
such a mechanism.

The selective dopamine D, receptor antagonist SCH
23390, which has more than 500 times greater affinity for
the dopamine D, than for the dopamine D, receptor
(Hyttel, 1983; Christensen et al., 1984), decreased the
effect of nicotine on withdrawal jumping behaviour in-
duced by naloxone. Therefore, nicotine may also elicit its
effect upon withdrawal jumping through a dopamine D,
receptor mechanism. Nicotinic receptors are located in the
striatum and the mesolimbic system at the levels of cell
bodies and terminals (Giorguieff et al., 1979; Clarke and
Pert, 1985). Activation of nicotinic receptors has been
shown to be effective in stimulating the release of dopamine
from the striatum and the limbic system (Goodman, 1974;
Balfour, 1982; Imperato et al., 1986). One may speculate
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that nicotine indirectly causes the inhibition of jumping
through dopamine D, receptor stimulation. It has also been
reported that the dopamine D, receptor agonist bromocrip-
tine may potentiate morphine withdrawal signs (Gomaa et
al., 1989), and that the dopamine D, and D, receptors
exert opposite influences on morphine antinociception
(Zarrindast and Moghadampour, 1989).

Adminstration of the dopamine D, receptor antagonist
sulpiride (Di Chiara et al., 1976; Stoof and Kebabian,
1984) did not alter the effect of nicotine. Sulpiride itself
also did not affect withdrawal jumping. These data indicate
that the dopamine D, receptor is not involved in the
attenuation of withdrawal jumping induced by nicotine.

The present data show that administration of the
dopamine D, receptor antagonist SCH 23390 itself re-
duced withdrawal jumping. Although SCH 23390 is
thought to be a selective dopamine D, receptor antagonist,
it binds with high affinity to 5-HT, receptors in the brain
(Bischoff et al., 1986) and antagonizes 5-HT, receptor
activation both centrally and peripherally (Bijak and Smi-
alowski, 1989; Hicks et al., 1984). The administration of
5-HT, receptor antagonists attenuates naloxone-precipi-
tated withdrawal and quasi-morphine withdrawal (Kleven
and Sparber, 1989; Neal and Sparber, 1986; Neal and
Sparber, 1990). This may account for the reduction of
withdrawal jumping by SCH 23390.

The a- or B-adrenoceptor antagonists phenoxybenza-
mine and propranolol did not alter the effect of nicotine.
Therefore, the involvement of adrenergic mechanism(s) in
this action of nicotine is unlikely.
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