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Abstract

The aim of this work was evaluate the effects of acute and chronic nicotine pretreatment in the physostigmine-induced tremor in rats.
Wistar male rats (3—4 months) were pretreated acutely with different nicotine doses (0, 0.1, 0.5 or 1.0 mg/kg) 10 min before physostigmine
(0 and 0.5 mg/kg) treatment and then the tremor was registered by computerized system for 10 min. In another group, rats were pretreated
acutely with 0.1 mg/kg of nicotine, recovered at different times (30 or 70 min), and were registered for physostigmine-induced tremor.
Nicotine was also used chronically with equal doses for 8 days and recovered at 2, 7 or 21 days before registration of physostigmine-induced
tremor. Tremor spectral analysis was performed for amplitude and frequency quantification. Our data show that the acute and chronic nicotine
pretreatments alter physostigmine spectrum profile. Nicotine decreased physostigmine-induced tremor amplitude (p<0.05), without
changing its tremor frequency. In acutely pretreated rats, recovery experiments showed return of physostigmine-induced tremor for control
levels after 70 min, but after 8 days of chronic nicotine pretreatment recovery was delayed 3 weeks. The data analysis shows that acute or
chronic nicotine administration can alleviate the physostigmine-induced tremor. Chronic nicotine pretreatment has a long tremor alleviation
effect of physostigmine-induced tremor. Possible mechanisms involving the nicotine effects on the physostigmine-induced tremor are

discussed.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Nicotine is a toxic component of the tobacco producing a
wide array of alterations in the body (Balfour and
Fagerstrom, 1996; Morgan et al., 2004; Valenca et al.,
2004), with psychoactive actions and addictive properties on
the central nervous system. (Balfour, 2002; Van Den
Eijnden et al., 2003).

Despite negative effects, nicotine increases arousal and
attention in humans (Wesnes and Warburton, 1984; Conners
et al,, 1996) and more than 14 independent important
epidemiological studies show that smokers present a lower
risk of developing Parkinson’s disease (PD) (Fratiglioni and
Wang, 2000; Quik, 2004). This finding could provide clues
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for therapies treating PD (Balfour and Fagerstrom, 1996;
Quik, 2004) and Alzheimer’s disease (Maelicke et al.,
2000). In addition, positive effects on Tourette’s syndrome
have been suggested (Silver et al., 2001; Tizabi et al., 2001;
Howson et al., 2004).

Pathophysiology in PD is based on the degenerative
process of dopamine neurons of substantia nigra (SN),
dopamine deficiency and reduced activation of dopamine
receptors (Obeso et al., 2000). Replacement therapy with the
dopamine precursor L-DOPA is the most effective pharma-
cotherapy (Graybiel et al., 2000). The basal ganglia motor
circuit is directly related to PD in a classical pathophysio-
logical model. However, new models explaining patho-
physiology of PD and new strategies for treatment are in
progress (Obeso et al., 2000; Bjarkam and Sorensen, 2004;
Quik, 2004).

There are dense dopaminergic and cholinergic neurons
with different dopamine, nicotinic and muscarinic receptors
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in the striatum, which is involved in motor coordination,
PD and other functions and disorders, (Zhou et al., 2003).
A well-coordinated dopamine/acetylcholine balance is
suggested as being important in striatum functions (Zhou
et al., 2003). On the other hand, the loss of this
coordination can cause several PD symptoms (Zhou et
al., 2003). Undoubtedly, neuroleptics induce movement
disorders where D2 receptor antagonism simulates parkin-
sonism (Owens, 1999). Similarly, stimulating muscarinic
receptors by direct or indirect agonists in experimental
animals (Salamone et al., 2001) or in patients therapy with
acetylcholinesterase (AchE) inhibitors can present as side
effects similar movement disorders symptoms (Aarsland et
al., 2004). Muscarinic antagonists, actually used as
secondary treatments for PD (Carlsson, 2002; Aarsland et
al., 2004), can relieve motor side effects induced by
neuroleptics (Owens, 1999). Thus, the knowledge about
the cholinergic system, and the possible interactions with
other neurotransmitters systems in experimental models of
tremor, is of great importance in understanding PD
pathology as well as for developing new pharmacological
agents.

Nicotine, the most important candidate of chemicals of
tobacco to explain lower risk of PD in smokers, stimulates
different nicotinic cholinergic receptors in the brain and in
the nigrostriatal pathway (Quik, 2004). Nicotine increases
the release of some neurotransmitters in the brain (Gallardo
and Leslie, 1998; Zhu and Chiappinelli, 1999), especially
dopamine (Salminen and Ahtee, 2000). The dopamine
decrease leads to PD pathophysiology with the appropriate
replacement therapy.

Physostigmine, a reversible AchE inhibitor, causes an
increase of acetylcholine at the synaptic cleft that in turn
acts on nicotinic and muscarinic receptors (Kandel et al.,
2000). This drug has also been described as a weaker
allosteric potentiator on the nicotinic receptor (Maclicke et
al., 2000). The tremorigenic effect of physostigmine
involves the whole body in small laboratory animals and
has been used as an experimental model of tremor (Santos
and Carlini, 1988; Mehta et al., 2001; Fonseca et al.,
2002).

Few studies have evaluated the influence of nicotine on
pathological tremor (Ishikawa and Miyatake, 1993; Fager-
strom et al., 1994; Nishimura et al., 1997; Vieregge et al.,
2001) or experimental tremor (Wang et al., 1996). More-
over, tremor data were accessed by tremor rating scales that,
despite their usefulness (Santos and Carlini, 1988; Almeida
and Santos, 1993), do not measure tremor “intensity”
(degrees) and frequency. Therefore, to better quantify drug-
induced tremor, a new technique was developed and
validated, where tremor amplitude and frequency were
accessed (Pereira and Santos, 1998; Fonseca et al., 2002).
However, the effect of nicotine on physostigmine-induced
tremor has not been evaluated until now.

The aim of this work was to evaluate the influence of the
acute and chronic nicotine pretreatment, as well as its

discontinuation, on the physostigmine-induced tremor in
rats.

2. Materials and methods
2.1. Animals

Adult male Wistar naive rats (250—350 g, 3—4 months of
age) from our own colony were used for this study. They
were housed, six per cage, in a room under controlled
environment: normal light/dark cycle conditions (12-h light/
12-h dark; lights on at 6:00 a.m.). Animals had free access
to water and food and ambient temperature was kept at
23+2 °C. Experiments were conducted in accordance with
the Department Committee of Animal Care.

2.2. Drugs

Physostigmine (HCI) and (—)-nicotine ([-]-1-methyl-2-
[3-pyridyl]-pyrrolidine) was purchased from Sigma, USA.
Water was used as vehicle and solutions were prepared
immediately before intraperitoneal administrations in 0.1
ml/100 g of body weight.

2.3. Nicotine pretreatment and recovery

For the acute pretreatment the nicotine was administered
in different doses (0, 0.1, 0.5 or 1.0 mg/kg, i.p.) 10 min
before physostigmine (0.5 mg/kg, i.p.) administration and
tremor registration procedure. Also, recovery of this acute
nicotine pretreatment was performed for 0.1 mg/kg of
nicotine dose at different periods (10, 30 or 70 min). After
these periods physostigmine (0.5 mg/kg, i.p.) was admin-
istered and tremor was registered.

For the chronic pretreatment nicotine was administered
once a day in different doses (0, 0.1, 0.5 or 1.0 mg/kg, i.p.)
for 8 days, then the day after (24 h), physostigmine (0.5 mg/
kg, i.p.) was administered and tremor was registered.
Recovery of this chronic nicotine pretreatment, was also
performed for 0.1 mg/kg of nicotine dose at different
periods (0, 2, 7 or 21 days). After these periods phys-
ostigmine (0.5 mg/kg, i.p.) was administered and tremor
was registered.

As control groups, rats were pretreated and treated
respectively with: vehicle+vehicle (C1), nicotine+vehicle
(C2) and vehicle+physostigmine (C3).

2.4. Tremor registration and spectral analysis procedures

After nicotine pretreatment and physostigmine admin-
istration (0.50 mg/kg, i.p.), tremor was registered during 10
min by computerized system and spectral analysis was
performed for tremor amplitude and frequency quantifica-
tion as described (Pereira and Santos, 1998; Fonseca et al.,
2002).
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Fig. 1. Average spectrum (a) and graphs of the amplitude (b) and frequency
(c) of physostigmine-induced tremor in rats submitted to acute nicotine
pretreatment. Rats (n=6; each group) were pretreated with different
nicotine doses and treated 10 min after with physostigmine (0.5 mg/kg)
i.p. and tremor was registered. Control groups were: (C1) vehicle+vehicle;
(C2) nicotine—vehicle; (C3) vehicle—physostigmine. Nicotine pretreated
groups were: (T1) nicotine(0.1 mg/kg)+physostigmine; (T2) nicotine(0.5
mg/kg)+physostigmine; (T3) nicotine(1.0 mg/kg)+physostigmine. Statis-
tical significance: ***p <0.001, when compared to control C3.

2.5. Statistical analysis

The data obtained for tremor amplitude and frequency
under different conditions of nicotine pretreatment were
analyzed by one-way ANOVA, followed by Bonfferoni post
hoc test. Statistical significance was chosen at p <0.05.

3. Results

Our data show that acute nicotine pretreatment (0.1 to 1.0
mg/kg) modified spectrum profile of physostigmine-induced
tremor (Fig. 1a) when compared with rats pretreated with
vehicle (C3 group). Fig. 1b shows a significant (p <0.05)
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Fig. 2. Average spectrum (a) and graphs of the amplitude (b) and frequency
(c) of physostigmine-induced tremor in rats after different times of the acute
nicotine pretreatment. Rats (n =6; each group) were pretreated with nicotine
(0.1 mg/kg) and recovered at different periods (10, 30 or 70 min). After
these periods physostigmine (0.5 mg/kg) was administered i.p. and tremor
was registered. Rats pretreated with vehicle before physostigmine admin-
istration were used as control. Statistical significance: **p <0.01, when
compared to control group.
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Fig. 3. Average spectrum (a) and graphs of the amplitude (b) and frequency
(c) of physostigmine-induced tremor in rats submitted to chronic nicotine
pretreatment. Rats (n=6; each group) were treated with different nicotine
doses during 8 days; after this period, physostigmine (0.5 mg/kg) was
administered i.p. and tremor was registered. Controls groups were: (C1)
vehicle+vehicle; (C2) nicotine—vehicle; (C3) vehicle+physostigmine.
Nicotine pretreated groups were: (T1) nicotine(0.1 mg/kg)+physostigmine;
(T2) nicotine(0.5 mg/kg)+physostigmine; (T3) nicotine(1.0 mg/kg)+phy-
sostigmine. Statistical significance: ***p <0.001, when compared to
control C3.

decrease of the amplitude of physostigmine-induced tremor
after acute nicotine pretreatment. The frequency of tremor
did not change in the same experiment (Fig. 1c). Rats of C1
and C2 groups presented a typical spectra of alleviatory

movement and did not show significant differences in
amplitude or frequency when similarly compared. No
important difference was observed between spectra of rats
pretreated acutely with different nicotine doses and pre-
treated with vehicle (data not shown).

Tremor spectra (Fig. 2a) of rats pretreated with nicotine
30 min before physostigmine show a similar modified
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Fig. 4. Average spectrum (a) and graphs of the amplitude (b) and frequency
(c) of physostigmine-induced tremor in rats after different times of the
chronic nicotine pretreatment. Rats (n=6; each group) were pretreated with
nicotine (0.1 mg/kg) during 8 days and recovered at different times (0, 2, 7
or 21 days). After these periods physostigmine (0.5 mg/kg) was
administered i.p. and tremor was registered. Rats pretreated with vehicle
before physostigmine administration were used as control. Statistical
significance: *p <0.05; **p <0.01; ***p <0.001, when compared to
control group.
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spectrum profile of the rats which received nicotine only 10
min before physostigmine. Otherwise, after 70 min of
nicotine pretreatment the effect on physostigmine-induced
tremor disappeared as shown by a spectrum profile similar
to control group (C group). Thus, compared with control
(Fig. 2b), the amplitude of physostigmine-induced tremor
was significantly decreased when nicotine was administered
10 or 30 min before, but not after a pretreatment period of
70 min, when it remained at control tremor levels.
Frequency analysis showed no significant differences
among the groups (Fig. 2c).

Chronic nicotine pretreatment also altered the spectrum
profile of physostigmine-induced tremor (Fig. 3a) when
compared with vehicle pretreated group (C3). Fig. 3b shows
a significant (p<0.01) decrease of tremor amplitude
induced by physostigmine, after chronic nicotine pretreat-
ment. There was no significant difference in tremor
frequency among the groups (Fig. 3¢c). Rats of C1 and C2
groups presented a typical spectra of alleatory movement
and showed no significant differences in amplitude or
frequency when similarly compared (Fig. 3a—c). No
important difference was observed between spectra of rats
pretreated chronically with different nicotine doses and
pretreated with vehicle (data not shown).

Fig. 4a shows the spectra of physostigmine-induced
tremor at different times after discontinuation of chronic
nicotine pretreatment. Two and seven days after chronic
nicotine pretreatment discontinuation, amplitude of phys-
ostigmine-induced tremor remains significantly decreased
(p<0.05; Fig. 2b) and then increased (control level) only
after 21 days. Frequency analyses indicate no differences
between the groups (Fig. 4c).

4. Discussion

There was significantly decreased amplitude of physos-
tigmine-induced tremor without altering its frequency (Figs.
la—c and 3a—c) when using all doses in acute and chronic
nicotine pretreatments. However, in acute experiments this
effect partially or totally disappeared after a short period of
time (70 min) when pretreated with nicotine (Fig. 2a,b),
while in chronic experiments amplitude reduction of
physostigmine-induced tremor remained at least 7 days
after nicotine discontinuation (Fig. 4a,b). Nevertheless,
acute and chronic nicotine (all doses used), per se, had no
effect on the spectra profiles of the respective control groups
(C1 and C2; Figs. la and 3a). There was no important
alteration in tremor frequency after discontinuation of
chronic nicotine pretreatment in rats (Fig. 4c).

Nicotine half-life in plasma is approximately 2 h
(Benowitz et al., 1991) but its concentration in the brain
decreases by half 30 min after nicotine administration
(Sziraki et al., 1998). Thus, the brain nicotine kinetic could
explain the recovery time (Fig. 2b) after acute nicotine
pretreatment.

Our results with acute nicotine are not in agreement with
previous data which described increased incidence of
oxotremorine-induced tremor in mice after two nicotine
treatments at 5-min intervals (Wang et al., 1996). Others
results in our laboratory also showed that acute nicotine
pretreatment decreased oxotremorine-induced tremor (not
published). However, this discordance may be explained by
difference in schedules of nicotine pretreatment and the use
of subjective methods (percentage incidence) to evaluate
tremor. Therefore, other data have shown that nicotine
effects depend on the administration schedule (Rowell and
Duggan, 1998).

Our results showing that nicotine decreased amplitude of
physostigmine-induced tremor could be explained by the
effect of increased release of dopamine in striatum
(Salminen and Ahtee, 2000; Sziraki et al., 1998) and striatal
synaptosomes (Rowell, 1995). This acute effect of nicotine
on dopaminergic system has been described as a rapid effect
(Szirdki et al., 1998). Other studies show that nicotine action
at presynaptic receptors stimulates striatal glutamate release,
which in turn stimulates glutamate receptors at dopaminer-
gic terminals (Kaiser and Wonnacott, 2000; Machova et al.,
2003). Also, it was verified that nicotine action on striatal
neurons decreased during dopamine blockade (Zarrindast et
al., 1998) and haloperidol blocks, while apomorphine
mimicked the effect of nicotine on the blink reflex (Evinger
et al,, 1993). These data suggest that nicotine can act
directly on dopamine release through presynaptic nAChRs
on dopaminergic neurons or indirectly by stimulation of
glutamatergic and dopaminergic nerve terminals leading to
dopamine enhancement, which in turn may decrease the
firing rate of cholinergic interneurons.

Chronic nicotine or tobacco smoke alters the functioning
of dopaminergic system by: (i) releasing dopamine (Gadd-
nas et al.,, 2002); (ii) increasing dopaminergic receptor
binding in striatum (Fung et al., 1996; Wiener et al., 1989);
(iii) increasing tyrosine hydroxylase activity (Smith et al.,
1991); (iv) decreasing dopamine metabolite dihydroxy-
phenyl-acetic acid in striatum (Kirch et al., 1987); and (v)
altering behavioral responses to dopaminergic drugs
(Sershen et al., 1991; Suemaru et al., 1993).

These observations suggest that acute and chronic
nicotine pretreatment may be involved in decreasing
physostigmine-induced tremor amplitude by increasing
striatal dopaminergic activity.

Physostigmine could be a weaker allosteric potentiator
on nicotinic receptor (Maelicke et al., 2000). Others studies
using acetylcholinesterase inhibitors not having this direct
action on nicotinic receptors are useful in making compar-
ison with our data and may contribute to understanding the
mechanisms involved in physostigmine-induced tremor.

Chronic nicotine decreases muscarinic receptor function
in the striatum but also increases in the hippocampus without
altering in the cortex (Li et al., 1992). In the cortex and
brainstem there is a decrease and an increase, respectively, of
muscarinic receptor affinity after chronic nicotine pretreat-
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ment (Yamanaka et al., 1985, 1987) but binding studies did
not show any modification in hippocampus and thalamus
(Marks and Collins, 1985; Yamanaka et al., 1987). However,
chronic nicotinic antagonist pretreatment produces super-
sensitivity to hypothermic effects of oxotremorine (Dilsaver
etal., 1991). Thus, our data suggest that a decreased function
of striatal muscarinic receptors after acute and chronic
nicotine pretreatment could also explain a decreased
amplitude of physostigmine-induced tremor.

Another important aspect of the present results is the
long-lasting effect after discontinuation of chronic nicotine
pretreatment (at least 7 days). There are no other exper-
imental or clinical studies reporting similar nicotine long-
lasting effect on tremor. This long-lasting effect shown in
our results are in accordance with similar nicotine long-
lasting effect observed with motor symptoms in Tourette’s
syndrome (Dursun et al., 1994; Howson et al., 2004; Silver
et al., 2001). An explanation for our data with tremor can be
a long-lasting neuroadaptation in the basal ganglia circuit as
a result of chronic nicotine exposure involving possible
genetic expression. In fact, studies show an increased
number of nicotinic binding sites in smokers (Breese et
al., 1997; Court et al., 1998). Similarly, chronic nicotine
pretreatment results in an increase of nAChRs in exper-
imental animals (Meyer et al., 2001; Zhang et al., 2001). In
addition, nicotine increases the mRNA expression of some
genes in various brain regions (Kane et al., 2000; Konu et
al., 2001).

However, chronic nicotine pretreatment causes desensi-
tization of nAChRs (Benwell and Balfour, 1997; Dwoskin
et al, 2001; Quick and Lester, 2002). The return of
desensitized receptors to normal function, as well as their
regulation, after interruption of prolonged stimulus appears
to be subtype-specific and brain-region-dependent (Olale et
al., 1997; Jacobs et al., 2002) and the nicotine effects on
specific behavior can vary. So, despite several studies
indicating that nicotinic mechanisms are important in
regulating dopamine release, desensitization of nAChRs,
which potently decrease dopamine release (Zhou et al.,
2003), also has to be taken into consideration.

Nicotine action in decreasing physostigmine-induced
tremor appears to have complex mechanisms, despite other
possible neurotransmitters being involved in nicotine action.
Nicotine also increases release of GABA, serotonin,
epinephrine and norepinephrine in some brain areas (Toth
et al., 1992; Ribeiro et al., 1993; Gallardo and Leslie, 1998;
Zhu and Chiappinelli, 1999).

In conclusion, our results suggest that the balance
between dopaminergic and muscarinic receptors can be
altered after acute and chronic nicotine pretreatment.
Nicotine effect can be mediated by release of dopamine
and/or an induction of decrease in muscarinic receptor
function. Chronic pretreatment and discontinuation of
nicotine suggest a neuroadaptation process between nic-
otinic, muscarinic and/or dopaminergic receptors. In addi-
tion, our data suggest that no continuous treatment with

nicotinic agonists was necessary to alleviate this experi-
mental tremor. However, further studies are being under-
taken by us to elucidate further knowledge in this field.
Other studies are necessary to find which mechanisms or
neurotransmitters systems are involved in the nicotinic
effects on dopamine/acetylcholine balance in this exper-
imental model of tremor.
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