Available online at www.sciencedirect.com

sciznce (@oineer:

Pharmacology, Biochemistry and Behavior 76 (2003) 409—415

PHARMACOLOGY
BIOCHEMISTRY
AND

BEHAVIOR

ELSEVIER

www.elsevier.com/locate/pharmbiochembeh

Effects of donepezil on DOI-induced head twitch response in mice:
implications for Tourette syndrome

Renee L. Hayslett, Yousef Tizabi*

Department of Pharmacology, College of Medicine, Howard University, 520 W Street N.W., Washington, DC 20059, USA
Received 8 April 2003; received in revised form 10 August 2003; accepted 18 August 2003

Abstract

Tourette syndrome (TS) is a neurological disorder characterized by persistent motor and phonic tics. Administration of the selective 5-
HT,a/c agonist 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI) induces head twitches in mice that have been proposed to model
tics seen in TS. Previous studies have demonstrated that nicotine markedly attenuates DOI-induced head twitch response (HTR). This and the
reports that nicotine may have clinical efficacy in reducing symptoms of TS suggest possible involvement of the nicotinic cholinergic system
in this disorder. Donepezil is an acetylcholinesterase inhibitor approved for use in mild to moderate Alzheimer’s disease. The purpose of this
study was to investigate whether donepezil might also reduce DOI-induced HTR, and whether its combination with nicotine might result in
an additive or synergistic effect. Moreover, to elucidate the possible role of nicotinic receptors in this paradigm, the effects of mecamylamine,
a nicotinic antagonist, were also evaluated. Acute and chronic administration of donepezil (0.1 mg/kg) or nicotine (0.5 mg/kg base)
significantly reduced DOI-induced HTR. No additive or synergistic effects of donepezil and nicotine were observed. Acute mecamylamine
administration (0.5—5.0 mg/kg) dose dependently inhibited DOI-induced HTR. None of the mecamylamine doses blocked the inhibitory
effects of donepezil or nicotine on DOI-induced HTR. These results suggest that donepezil may have therapeutic potential in treating motor

tic symptoms of TS. Moreover, the action of donepezil and nicotine may be mediated through the same mechanism.

© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Tourette syndrome (TS) is a neurological disorder in
humans characterized by persistent motor and phonic tics
and occurs in patients before the age of 18 years. Tics range
in severity and are coupled with sensory urges (Leckman,
2002). The disorder affects approximately 0.1—-1% of the
population and males are affected 3—4 times more than
females (Peterson and Leckman, 1998). In addition, behav-
ioral disorders such as obsessive—compulsive disorder and
attention deficit—hyperactivity disorder are sometimes
linked with TS (Dure and Tucker, 1997).

The etiology of TS is unknown; however, a genetic
component and abnormalities of neurotransmitter systems
are suggested. Twin and family studies indicate that TS has
strong genetic determinants (Price et al., 1985; Pauls et al.,
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1991). Furthermore, an imbalance among neurotransmitter
systems including the catecholamines and acetylcholine may
contribute to the symptoms of the disorder (Baker et al.,
1995). It is also postulated that a developmental abnormality
in cortico—striato—thalamo—cortical circuits is responsible
for tic symptoms (Leckman et al., 1997; Singer, 1997).
Pharmacological treatment of TS utilizes neuroleptics
such as haloperidol, pimozide, risperidone, and ziprasidone
whose actions include blockade of dopamine receptors.
Although these agents have shown efficacy in treating
symptoms of TS, severe side effects such as drowsiness,
muscle rigidity, and movement disorders may limit their
use and long-term effectiveness. The alpha-2 adrenergic
agonists, clonidine and guanfacine, are also used, but these
agents possess sedative properties as well (Leckman,
2002). Nicotine, in the form of a gum (McConville et
al., 1991) or transdermal patch (Dursun et al., 1994; Shytle
et al., 1996; Sanberg et al., 1997), has shown clinical
efficacy in treating tic symptoms. In addition, combination
of nicotine and a neuroleptic may further reduce the tic
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Fig. 1. Effects of acute donepezil administration on DOI (1.0 mg/kg)-
induced HTR; n=_8/group. * P<.05 compared to saline group (SAL).

severity (Sanberg et al., 1989; McConville et al.,, 1991;
Shytle et al., 1996; Silver et al., 1996, 2001).

It has been proposed that shakes or twitches of the
head in mice or shakes in the shoulders in rats following
administration of the selective serotonin 5-HT, A, agonist
1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI)
can serve as an animal model of tics seen in TS (Handley
and Dursun, 1992; Gaynor and Handley, 2001). In addi-
tion, the neuroleptic haloperidol significantly reduces
DOl-induced head shakes in mice (Dursun and Handley,
1996).

Previous studies have demonstrated that acute nicotine
administration markedly attenuates the DOI-induced head
shakes (Gaynor and Handley, 2001) or head twitch
response (HTR) in mice (Tizabi et al., 2001), suggesting
possible involvement of the nicotinic cholinergic system
in this behavior. Donepezil (Aricept) is a reversible
noncompetitive acetylcholinesterase inhibitor approved
for use in mild to moderate Alzheimer’s disease. It is
believed that increases in acetylcholine concentrations is
a major contributory factor to therapeutic efficacy of
donepezil. However, specific acetylcholinesterase inhibi-
tors may also interact directly with nicotinic receptors
(Storch et al., 1995). The purpose of this study was to
investigate whether donepezil might also be effective in
reducing the DOIl-induced HTR, and whether its com-
bination with nicotine would have an additive or syn-
ergistic effect. Moreover, to elucidate possible involve-
ment of nicotinic receptors in this paradigm, the effects
of mecamylamine, a nicotinic antagonist, were also
evaluated.

2. Methods
2.1. Animals

Adult male albino ICR mice, weighing 22—25 g at the
beginning of the experiments, were used. The animals were
housed four to six per cage and kept on a 12:12-h light/
dark cycle (lights on at 7:00 a.m.) in a temperature-
controlled room (24—26 °C). The animals had ad libitum
access to food and water except during experiments. All
behavioral experiments were performed during the light

hours. Experimental procedures were conducted in compli-
ance with the National Institutes of Health Guide for Care
and Use of Laboratory Animals (Publication No. 85-23,
revised 1985).

2.2. Drugs

Donepezil HCl was supplied by Eisai Pharmaceutical
(Ibaraki, Japan). Nicotine hydrogen tartrate salt, mecamyl-
amine HCI, and DOI HCIl were purchased from Sigma-
Aldrich (St. Louis, MO). All drugs were dissolved in saline
and were injected intraperitoneally in a volume of 10 ml/kg.
Nicotine dose was calculated as the base weight. Control
animals were injected with saline.

2.3. Behavioral experiments

To induce HTR, a dose of 1 mg/kg of DOI was used
throughout the study. This dose has been shown to
produce robust frequencies of HTR in mice (Darmani
and Gerdes, 1995; Darmani et al., 1996; Tizabi et al.,
2001). The HTR is a very distinctive behavior that rarely
occurs spontaneously and usually cannot be mistaken for
spontaneous behaviors such as head shakes (lateral move-
ments of the head from side to side) or head jerks (up
and down jerks). Mice were randomly assigned to
various treatment groups (7—8 mice/group). Each mouse
was tested in a clear plastic cage lined with bedding.
Animals were allowed to habituate to the test environ-
ment for 30 min prior to experiments. The test was
carried out immediately after DOI injection and lasted for
30 min, during which the number of head twitches was
recorded.

2.4. Acute studies

For acute studies, the effects of various doses of
donepezil (0.01, 0.1, or 0.5 mg/kg), nicotine (0.2 or 0.5
mg/kg, base), or mecamylamine (0.2, 0.5, 1.0, 2.0, or 5.0
mg/kg) on DOI-induced HTR were evaluated. These drugs
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Fig. 2. Effects of acute administration of donepezil (DON, 0.1 mg/kg),
nicotine (NIC, 0.5 mg/kg), and their combination (DON +NIC) on DOI
(1.0 mg/kg)-induced HTR; n=7-8/group. * P<.05 compared to saline
group (SAL).
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Fig. 3. Effects of mecamylamine (MEC, 0.5 mg/kg) pretreatment on acute
administration of donepezil (DON, 0.1 mg/kg) and nicotine (NIC, 0.5 mg/
kg) prior to DOI (1.0 mg/kg)-induced HTR; n=8/group. * P<.05
compared to saline group (SAL—SAL).

were injected 10 min prior to DOI administration. To
determine the effects of the combination of donepezil and
nicotine, donepezil was injected 10 min before administra-
tion of nicotine, which was followed 10 min later by
injection of DOI. To investigate whether mecamylamine
could block the effects of donepezil or nicotine, groups of
mice were injected with various doses of mecamylamine 10
min prior to donepezil or nicotine administration. Ten
minutes later, mice were injected with DOI and were
monitored for HTR.

2.5. Chronic studies

To evaluate the effects of chronic donepezil, nicotine,
or their combination on DOI-induced HTR, groups of
mice were treated once or twice daily (first injection
before 11:00 a.m. and second injection after 4 p.m.) for
7 or 14 days and were tested 18—20 h after the last
injection. The doses of the drugs used in chronic studies
were derived from the doses that produced maximal effects
in acute studies. On the test day, the mice were injected
with DOI (1.0 mg/kg), and the HTR frequency was
recorded for 30 min.
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Fig. 4. Effects of mecamylamine (MEC, 1 mg/kg) pretreatment on acute
administration of donepezil (DON, 0.1 mg/kg) and nicotine (NIC, 0.5 mg/
kg) prior to DOI (1.0 mg/kg)-induced HTR; n=8/group. * P<.05
compared to saline group (SAL—SAL).
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Fig. 5. Effects of mecamylamine (MEC, 2 mg/kg) pretreatment on acute
administration of donepezil (DON, 0.1 mg/kg) and nicotine (NIC, 0.5 mg/
kg) prior to DOI (1.0 mg/kg)-induced HTR; n=8/group. * P<.05
compared to saline group (SAL—SAL).

2.6. Statistical analysis

All data were analyzed using one-way ANOVA, fol-
lowed by Tukey’s post hoc test. Significance was set a priori
at P<.05.

3. Results
3.1. Acute studies

3.1.1. Effects of donepezil on DOI-induced HTR

Fig. 1 depicts the effects of acute administration of
various doses of donepezil on DOI-induced HTR. Maximal
reduction of DOI-induced HTR was obtained at 0.1 mg/kg
dose (approximately 30%) [F(3,28)=9.71, P<.05]. In-
creasing the dose to 0.5 mg/kg did not have any additional
effect, suggesting a ceiling effect of donepezil at 0.1 mg/kg.
Therefore, the 0.1 mg/kg dose was chosen for chronic
studies.

3.1.2. Effects of nicotine on DOI-induced HTR

Acute administration of 0.2 mg/kg of nicotine did not
exhibit any effect on DOI-induced HTR. The dose of 0.5
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Fig. 6. Effects of mecamylamine (MEC, 5 mg/kg) pretreatment on acute
administration of donepezil (DON, 0.1 mg/kg) and nicotine (NIC, 0.5 mg/
kg) prior to DOI (1.0 mg/kg)-induced HTR; n=8/group. *P<.05
compared to saline group (SAL—SAL).
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Fig. 7. Effects of chronic administration of donepezil (DON, 0.1 mg/kg), nicotine (NIC, 0.5 mg/kg), and the combination of donepezil and nicotine
(DON +NIC) on DOI (1.0 mg/kg)-induced HTR. Mice were treated once (1 X ) or twice (2 X ) daily for 7 days and were tested on Day 8 with DOI (1.0 mg/kg);

n=_8/group.

mg/kg, however, produced a significant reduction of DOI-
induced HTR (approximately 32%) [F(3,26)=6.11,
P<.05]. Therefore, the 0.5 mg/kg dose of nicotine was
used in chronic studies.

3.1.3. Effects of donepezil and nicotine on DOI-induced
HTR

Acute administration of the combination of submaximal
doses of donepezil (0.05 mg/kg) and nicotine (0.2 mg/kg)
did not exhibit any detectable effect on DOI-induced HTR.
Acute administration of the combination of donepezil (0.1
mg/kg) and nicotine (0.5 mg/kg), as depicted in Fig. 2,
significantly decreased DOI-induced HTR (approximately
39%) [ F(3,26)=6.11, P<.05]. However, the reduction was
not significantly different from either donepezil alone (ap-

45

proximately 35%) or nicotine alone (approximately 32%),
indicating lack of an additive or synergistic effect between
donepezil and nicotine.

3.1.4. Effects of mecamylamine pretreatment on DOI-
induced HTR

Acute mecamylamine administration at 0.2—1 mg/kg did
not significantly affect DOI-induced HTR. However, at 2
and 5 mg/kg, mecamylamine significantly reduced the DOI-
induced HTR (approximately 31% and 44%, respectively)
[F(4,36)=4.20, P<.05]. These results are in agreement
with previous studies where higher mecamylamine doses
attenuated DOI-induced HTR (Tizabi et al., 2001). To
investigate whether nicotinic receptors mediate the actions
of donepezil or nicotine on DOI-induced HTR, animals
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Fig. 8. Effects of chronic administration of donepezil (DON, 0.1 mg/kg), nicotine (NIC, 0.5 mg/kg), and the combination of donepezil and nicotine
(DON +NIC) on DOI (1.0 mg/kg)-induced HTR. Mice were treated once (1 X ) or twice (2 X ) daily for 14 days and were tested on Day 15 with DOI (1.0 mg/
kg); n=8/group. * P<.05 compared to once-daily saline group (1 x SAL). "P<.05 compared to twice-daily saline group (2 X SAL).
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were treated with various doses of mecamylamine prior to
donepezil or nicotine administration. As depicted in Figs.
3-6, pretreatment with a single dose of mecamylamine
(0.5-5.0 mg/kg) did not modify the effects of either drug
on DOIl-induced HTR.

3.2. Chronic studies

Administration of once or twice daily of 0.1 mg/kg
donepezil, 0.5 mg/kg nicotine, or their combination for 1
week did not significantly affect DOI-induced HTR (Fig. 7).
However, as depicted in Fig. 8, administration of once- or
twice-daily donepezil, nicotine, or their combination for 2
weeks resulted in a reduction of DOI-induced HTR. Admin-
istration of donepezil once daily for 2 weeks resulted in
approximately 21% reduction, although this decrease did not
achieve statistical significance. Two weeks of twice-daily
treatment with donepezil resulted in approximately 28%
reduction in DOI-induced HTR [ F(3,34)=5.43, P<.05].
Once- or twice-daily treatment with nicotine for 2 weeks
resulted in approximately 27% reduction in DOIl-induced
HTR in both cases, for once-daily [ F(3,28)=5.09, P<.05]
and for twice-daily [ F(3,34)=5.43, P<.05] injection. Ad-
ministration of a combination of donepezil and nicotine once
or twice daily for 2 weeks resulted in approximately 31%
[F(3,28)=5.09, P<.05 for once daily] and 35%
[F(3,34)=5.43, P<.05 for twice daily] reduction in DOI-
induced HTR. In all cases, the combination treatment was not
significantly different from single drug treatment, indicating
lack of an additive or synergistic effect between donepezil
and nicotine in reducing DOI-induced HTR.

4. Discussion

Acute and chronic donepezil administration significantly
attenuated DOI-induced HTR. These results suggest possi-
ble therapeutic efficacy of an acetylcholinesterase inhibitor
in treating motor tic symptoms of TS. This finding is in line
with recent suggestion of potential applicability of cholin-
esterase inhibitors in treatment of various neuropsychiatric
disorders including motor tics (Burt, 2000). Interestingly, a
case report on effectiveness of donepezil in treating TS has
appeared (Hoopes, 1999).

Our results indicate that multiple daily dosing of donepezil
at 0.1 mg/kg for at least 14 days was required to achieve an
inhibitory effect on DOI-induced HTR. Similarly, 2 weeks of
chronic nicotine treatment was required to produce signifi-
cant reduction in DOI-induced HTR. Relatively long-term
dosing of donepezil or nicotine to exhibit an inhibitory
response on DOI-induced HTR may be the result of neuro-
chemical adaptations that require prolonged and sustained
increases in acetylcholine concentrations or stimulation of
central nicotinic receptors. Alternatively, pharmacokinetic
parameters or prolonged inactivation of nicotinic receptors
due to chronic intermittent exposure to donepezil or nicotine

may be important contributory mechanisms in observed
behavioral effects (Quick and Lester, 2002; Gentry et al.,
2003). In this regard, receptor desensitization following
chronic exposure to nicotine (Marks et al., 1993; Fenster et
al., 1999) or a cholinesterase inhibitor (Zhou et al., 2001)
have been reported. Cholinesterase inhibitors may interact
directly with nicotinic receptors (Storch et al., 1995) or
indirectly through elevation of acetylcholine levels (Giaco-
bini et al., 1996; Zhou et al., 2001).

Due to complex diversity of nicotinic receptors and
indication of both functional desensitization (Quick and
Lester, 2002; Gentry et al., 2003), as well as sensitization
(Buisson and Bertrand, 2002) following chronic exposure to
nicotine, it seems reasonable to assume that a combination
of these two phenomena may be responsible for the final
pharmacological effects of nicotinic agents. Thus, a balance
between desensitization or inactivation of specific nicotinic
receptors in certain areas and sensitization or activation in
other areas of the brain may be the final determinant of the
pharmacological outcome. Further investigation is necessary
to determine the exact mechanism of donepezil and nicotine
in reducing DOI-induced HTR.

Acute and chronic administration of nicotine significant-
ly reduced DOI-induced HTR, consistent with a previous
report (Tizabi et al., 2001). It is interesting to note that
multiple daily doses of nicotine (0.5 mg/kg) for 14 days did
not produce a greater reduction in DOI-induced HTR
compared to once-daily administration of the same dose of
nicotine for 14 days, suggesting a possible ceiling effect of
nicotine dosing.

Acute and chronic administration of the combination of
donepezil and nicotine significantly decreased DOI-induced
HTR. However, these reductions were not additive or
synergistic compared to either agent administered alone.
These data suggest that the actions of donepezil and nicotine
may be mediated through the same mechanism.

Pretreatment with various doses of the nicotinic receptor
antagonist, mecamylamine, did not alter the acute inhibitory
effects of donepezil or nicotine in this model. These findings
are consistent with a previous report indicating that meca-
mylamine did not block the inhibitory effect of nicotine on
DOI-induced HTR (Tizabi et al., 2001). Indeed, mecamyl-
amine by itself caused a dose-dependent decrease in DOI-
induce HTR. Gaynor and Handley (2001) did observe a
block of nicotine effect on DOI-induced head shakes by
mecamylamine. The discrepancy between these studies may
be due to differences in nicotine doses and/or differences in
strains of mice. The ICR mice used in our studies exhibited
an insignificant amount of spontaneous head twitches dur-
ing the 30-min test period, whereas the strain used by
Gaynor and Handley (2001) had a significant number of
spontaneous head shakes. Lack of mecamylamine effect in
our studies does not support a nicotinic receptor-mediated
action for acute donepezil or nicotine on DOI-induced HTR.

Interactions between nicotine and nonnicotinic receptors
(e.g., NMDA) are widely recognized (Court et al., 1990;
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Aizenman et al., 1991; Zhang et al., 1994; Tizabi et al.,
1998). Nicotine may also block behavioral effects of quin-
pirole, a dopamine D,/D5 agonist (Tizabi et al., 1999, 2002).
Some of quinpirole effects may be reflective of symptoms
associated with TS or obsessive—compulsive disorder
(Tizabi et al., 1999, 2002). Interaction between nicotine
and the serotonergic system has also been documented.
Specifically, 5-HT,. receptors have been implicated in the
locomotor and rewarding effects of nicotine (Grottick et al.,
2001). In this regard, it would be of considerable interest to
determine whether the same receptors may also be involved
in actions of donepezil or nicotine in attenuating the DOI-
induced HTR.

In summary, acute and chronic administration of done-
pezil reduced DOI-induced HTR in mice, suggesting possi-
ble therapeutic potential of donepezil in treating motor tics.
Combination of nicotine and donepezil did not result in any
further effect. Mecamylamine at higher doses attenuated
DOI-induced HTR but did not block the effects of donepezil
or nicotine. Further investigation of possible involvement of
nicotinic receptors in TS as well as direct interaction
between donepezil or nicotine with SHT,A,,c receptors is
warranted.
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