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Mecamylamine-precipitated nicotine-withdrawal aversion in rats
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Abstract

The present study examined a rapid and convenient model for evaluating nicotine dependence using the conditioned place preference
paradigm. Rats were chronically infused subcutaneously with 9 mg/kg per day nicotine using an osmotic minipump. After nicotine
infusion for 7 days, the nicotinic receptor antagonist mecamylamine produced a place aversion in nicotine-dependent rats, but not in acute
nicotine-treated rats or sham-operated rats. These results suggest that the mecamylamine-precipitated withdrawal aversion in rats
chronically treated with nicotine may result from physical dependence on nicotine, and may be useful for studying the physical

dependence on nicotine.
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1. Introduction

In pharmacological research, the conditioned place pref-
erence paradigm has been demonstrated to be an effective
method for assessing the rewarding effects of several
abused drugs, such as cocaine, amphetamine, morphine
and nicotine (Hoffman, 1989). The aversive effects of
drugs can also be estimated using this paradigm. For
example, the k-opioid receptor agonist U50,488H produces
conditioned place aversion (Mucha and Herz, 19853).
Moreover, naloxone-precipitated withdrawal aversion in
morphine-dependent rats can also be assessed using the
conditioned place preference paradigm (Mucha, 1987). In
fact, when the morphine-withdrawal aversive response was
paired with specific environmental cues, the animal subse-
quently avoided the environment. Thus, the conditioned
place preference paradigm may also be useful for assessing
antagonist-precipitated withdrawal aversion.

Nicotine addiction, which has been likened to the addic-
tion produced by cocaine or heroin, has become widely
accepted as the mechanism which supports chronic to-
bacco use (US Department of Health and Human Services);
nicotine withdrawal produces a withdrawal syndrome,
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which includes irritability, anxiety, inhibition of concentra-
tion, insomnia and craving in nicotine-dependent subjects
(Hughes et al., 1991). Although animal models of physical
dependence on nicotine are potentially useful for investi-
gating nicotine dependence, there are currently few such
models.

There have been several reports that the chronic admin-
istration of nicotine can produce physical dependence on
nicotine in animal studies. For example, Costall et al.
(1990) reported that nicotine-withdrawal aversive re-
sponses could be estimated by the light /dark exploration
test in mice treated with nicotine for 14 days. Moreover,
Malin et al. (1994) reported that rats that had been chroni-
cally treated with nicotine for 7 days showed several
withdrawal signs, such as gasping/writhing, teeth
chatter /chewing, shakes/tremors and ptosis after
mecamylamine injection.

In the present study, we examined a convenient and
sensitive model for evaluating nicotine dependence using
the conditioned place preference paradigm.

2. Materials and methods
2.1. Animals

Male Sprague-Dawley rats {Tokyo Experimental Ani-
mals. Tokyo. Japan), weighing 270-320 g, were housed in
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groups of 2-3 in a temperature-controlled room (22 + 1°C).
The animals were maintained on a 12-h light /dark cycle
(lights on 8:00 a.m. to 8:00 p.m.) with laboratory rat chow
and tap water available ad libitum.

2.2. Apparatus

Place conditioning was conducted according to the
method of Suzuki et al. (1990). The apparatus consisted of
a shuttlebox (30 X 60 X 30 cm: w X 1Xh) which was
divided into two compartments of equal size. One com-
partment was white with a textured floor and the other was
black with a smooth floor.

2.3. Procedure

2.3.1. Motivational effect of mecamylamine after chronic
treatment with nicotine

On day 1, an osmotic minipump (Alzet 2001, Alza
Corporation, CA, USA) with a flow rate of 1.03 pl/h
filled with (—)-nicotine tartrate in saline was subcuta-
neously implanted in rats that had been anesthetized with
diethylether. The concentration of nicotine was adjusted
for differences in body weight, but was approximately 116
mg/ml, resulting in continuous subcutaneous infusion of
nicotine tartrate at the rate of 9 mg/kg per day according
to the method of Malin et al. (1993, 1994). Nicotine-naive
rats received sham operations: they were subjected to the
same anesthesia and surgical procedure as the implanted
animals except for the implantation of an osmotic
minipump.

In the morning (9:00 a.m.) on day 7 of nicotine infu-
sion, rats were subcutaneously injected with mecamy-
lamine (0.1-1.0 mg /kg) or saline (1.0 ml /kg), and imme-
diately confined to one compartment of the test apparatus
for 60 min. In the evening (7:00 p.m.) on the same day,
rats were then treated with saline or mecamylamine, re-
spectively, and confined to the other compartment for 60
min. The pairings of injection (mecamylamine or saline)
and compartment (white or black) were counterbalanced
across all of the subjects. The control rats in the sham-op-
erated and nicotine-infused groups were injected with saline
(1.0 ml/kg, s.c.) instead of mecamylamine in the condi-
tioning session. After the saline injections, the rats were
confined to one compartment in the morning and to the
other compartment in the evening. Before the start of the
experiments, either saline control (black- or white-floored
compartment place) was randomly chosen to be the substi-
tute for the mecamylamine-associated place.

In the morning on day 8, tests of conditioning were
performed as follows: the partition which separated the
two compartments was raised to 12 cm above the floor,
and a neutral platform was inserted along the seam separat-
ing the compartments. The time spent in each compartment
during a 900-s session was measured automatically in a

blind fashion by an infrared beam sensor (KN-80, Natsume
Seisakusho, Tokyo, Japan). The position of the rat was
defined by the position of its body. All sessions were
conducted under conditions of dim illumination (40 lux)
and masking white noise.

2.3.2. Motivational effect of mecamylamine after acute
nicotine injection

In the morning (9:00 a.m.) on day 1, rats were treated
with nicotine (0.2-0.8 mg/kg, s.c.). Five minutes after
nicotine treatment, rats were subcutaneously injected with
mecamylamine (1.0 mg/kg) or saline (1.0 ml/kg), and
immediately confined to one compartment for 60 min. In
the evening (7:00 p.m.) on the same day, rats were again
treated with nicotine and saline or mecamylamine, respec-
tively, and confined to the other compartment for 60 min.
The control rats were injected with saline (1.0 ml /kg, s.c.)
instead of nicotine 5 min before mecamylamine injection.
The pairings of injection (mecamylamine or saline) and
compartment (white or black) were counterbalanced across
all of the subjects. In the morning on day 2, conditioning
was tested in the same manner as in the chronic nicotine-
treated group.

2.4. Drugs

The drugs used in the present study were (—)-nicotine
hydrogen tartrate (Sigma, St. Louis, MO, USA) and
mecamylamine hydrochloride (Sigma). All drugs were dis-
solved in saline and injected in a volume of 1.0 ml/kg.

2.5. Data analysis

Conditioning scores represent the time spent in the
drug-paired place minus the time spent in the vehicle-paired
place and are expressed as the mean + S.E.M. Behavioral
data were statistically evaluated with a one-way ANOVA
followed by a Dunnett’s multiple comparison test, which
was used to determine whether an individual dose pro-
duced a significant place conditioning, and with a two-way
ANOVA, which was used to determine the effects of
treatment on mecamylamine-induced place conditioning.

3. Results

3.1. Motivational effect of mecamylamine after chronic
treatment with nicotine

As shown in Fig. 1, the saline-control rats exhibited no
preference for either compartment. The mean conditioning
scores in sham-operated and chronic nicotine-infused rats
were 7.3+ 672 s (n=28) and —12.3+634 s (n=28),



T. Suzuki et al. / European Journal of Pharmacology 314 (1996) 281-284 283

200

100

-100

-200 A
—O— Non-treated group
-300 -
—@— Nic-treated group

Preference for drug-paired piace (sec)

-400 T T T T
0 0.1 0.3 1
Mecamylamine (mg/kg)

Fig. 1. Place conditioning produced by mecamylamine in rats that were
chronically treated with nicotine (Nic) using an osmotic minipump. Rats
were injected with saline (1.0 ml/kg, s.c.) or mecamylamine (0.1-1.0
mg/kg, s.c.). Each point represents the mean conditioning score with
S.EM. of 8-12 rats. * P <0.05, *" P < 0.01 vs. saline-treated control.

respectively. Mecamylamine (0.1, 0.3 and 1.0 mg /kg) did
not produce either significant place preference or place
aversion in sham-operated rats. The mean conditioning
scores associated with 0.1, 0.3 and 1.0 mg/kg mecamy-
lamine were —8.4 +90.2 s (n=28),478+57.1 s (n=28)
and —31.0 £ 674 s (n=28), respectively. On the other
hand, mecamylamine produced place aversion (F(1,60) =
14.18, P <0.01) in chronic nicotine-infused rats. The
lowest dose of mecamylamine (0.1 mg/kg) induced a
slight place aversion, but this effect was not significant,
with a mean conditioning score of —101.1 +65.3 s (n =
8). Significant place aversion was observed at 0.3 and 1.0
mg/kg mecamylamine, with mean conditioning scores of
—240.0 £ 53.6 s (n=12, P<0.05) and —329.0 + 53.8 s
(n=28, P<0.01), respectively. There was no significant
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Fig. 2. Place conditioning produced by mecamylamine in rats that were
acutely injected with nicotine twice a day. Rats were injected with saline
(1.0 ml/kg, s.c.) or mecamylamine (1.0 mg/kg, s.c.) 5 min after
treatment with nicotine (0.2-0.8 mg/kg, s.c.) in the morning and the
evening. Each point represents the mean conditioning score with S.E.M.
of 8 rats.

effect of dose (F(3,60) =2.62, P> 0.05) or treatment X
dose interaction ( F(3,60) = 2.28, P > 0.05).

3.2. Motivational effect of mecamylamine after acute nico-
tine injection

As shown in Fig. 2, mecamylamine (1.0 mg/kg) did
not produce place aversion in acute nicotine-treated rats.
The mean conditioning scores associated with saline (con-
trol), 0.2, 0.4 and 0.8 mg/kg nicotine were 2.5 + 70.5 s
(n=218), =56.1 +60.1 s(n=28), —10.9+94.9 s (n=38),
and 4.1 + 65.0 s (n = 8), respectively.

4, Discussion

There are several reports that chronic administration of
nicotine can produce physical dependence in animals,
which show various withdrawal signs when nicotine is
withdrawn. For example, Fung et al. (1996) reported that
nicotine-dependent rats showed a decrease in locomotor
activity after nicotine withdrawal. In addition, the adminis-
tration of mecamylamine to rats that had been chronically
treated with nicotine using an osmotic minipump induced
various withdrawal signs, such as gasping /writhing, teeth
chatter /chewing, shakes /tremors and ptosis (Malin et al.,
1994). In the present study, nicotine was subcutaneously
infused with an osmotic minipump according to the method
of Malin et al. (1993, 1994). However, we did not observe
mecamylamine-precipitated withdrawal signs, except for
ptosis. Takada et al. (1988) reported that the chronic
administration of nicotine using an osmotic minipump can
produce behavioral signs, such as penis erection, grooming
and an increase in water consumption after removal of the
osmotic minipump, but it is unclear whether these behav-
iors are signs of withdrawal from nicotine. Signs of nico-
tine withdrawal are weaker than those with opioids, barbi-
turates and alcohol. Thus, it is difficult to observe marked
nicotine withdrawal signs. In the present study, we focused
on mecamylamine-precipitated withdrawal aversion as a
sign of nicotine withdrawal.

The conditioned place preference paradigm can be used
to evaluate not only the rewarding effects but also the
aversive effects of drugs. Using the conditioned place
preference paradigm, naloxone-precipitated withdrawal
aversion was observed in morphine-dependent rats, sug-
gesting that place aversion may be a sign of morphine
withdrawal (Mucha, 1987). Naloxone-precipitated with-
drawal aversion was produced in morphine-dependent rats
by a low dose of naloxone which does not induce marked
withdrawal signs. Therefore, the appearance of naloxone-
precipitated withdrawal aversion may be a very sensitive
sign of morphine withdrawal. Since the conditioned place
preference paradigm possesses these properties,
antagonist-precipitated withdrawal aversion may be useful
for investigating dependence on nicotine as well as opi-
oids.
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In the present study, we found that mecamylamine
produced place aversion in chronically nicotine-treated
rats, but not in sham-operated rats. Therefore, mecamy-
lamine-precipitated withdrawal aversion may be a sign of
nicotine withdrawal, similar to naloxone-precipitated with-
drawal aversion in morphine-dependent rats. There is a
possibility that mecamylamine produces place aversion
due to its antagonistic effects after acute nicotine injection.
However, we found that mecamylamine did not produce
place aversion when mecamylamine-precipitated place
aversion was examined after the acute injection of nicotine
(0.2-0.8 mg /kg). The highest dose (0.8 mg/kg) of nico-
tine is the maximal dose without a sedative effect. There-
fore, the mecamylamine-precipitated withdrawal aversion
resulting from chronic treatment with nicotine may reflect
physical dependence on nicotine, i.e. a withdrawal sign.
These results suggest that mecamylamine-precipitated
withdrawal aversion in the conditioned place preference
paradigm may be useful for investigating physical depen-
dence on nicotine.

Previous studies have indicated that several mechanisms
contribute to the appearance of nicotine withdrawal signs.
For example. Harris et al. (1986) reported that nicotine
withdrawal partially generalizes to the discriminative stim-
ulus effects of pentylenetetrazole, an anxiogenic drug. In
addition, Costall et al. (1990) reported that an aversive
response caused by nicotine withdrawal was detected by
the light/dark exploration test; this aversive behavior is
related to an anxiogenic response which is mediated by
overstimulation of central serotonergic neurons. Moreover,
the opioid system may play a role in physical dependence
on nicotine, since naloxone precipitates withdrawal signs
in nicotine-dependent rats and morphine inhibits with-
drawal signs after the termination of nicotine (Malin et al.,
1993). Since multiple neurotransmitter systems are modu-
lated by nicotine, these systems may contribute to
nicotine-withdrawal aversion. Nicotine produces a condi-
tioned place preference (Fudala et al., 1985; Risinger and
Oakes, 1995) and an increase in dopamine release from the
nucleus accumbens (Di Chiara and Imperato. 1988), as
does morphine. On the other hand, naloxone-precipitated
withdrawal in morphine-dependent animals produced a
conditioned place aversion (Mucha, 1987) and a decrease
in dopamine turnover in the limbic forebrain (Suzuki et al.,
1995). Moreover, dopamine contents in the nucleus ac-
cumbens decreased after the termination of nicotine treat-
ment in nicotine-dependent rats (Fung et al., 1996). These
results suggest that mecamylamine-precipitated withdrawal
aversion may be related to a decrease in the activity of the
mesolimbic dopaminergic system.

In conclusion, we found using the conditioned place
preference paradigm that mecamylamine produces a place
aversion in rats that have been chronically treated with
nicotine. However, mecamylamine-precipitated withdrawal
aversion was not observed after the acute injection of

nicotine. Therefore, mecamylamine-precipitated with-
drawal aversion resulting from chronic treatment with
nicotine may reflect physical dependence on nicotine, i.e.
withdrawal, and this method may be useful for investigat-
ing physical dependence on nicotine.
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