Available online at www.sciencedirect.com

“e.¢ ScienceDirect

PHARMACOLOGY
BIOCHEMISTRY
AND

BEHAVIOR

ELSEVIER Pharmacology, Biochemistry and Behavior 87 (2007) 65—72

www.elsevier.com/locate/pharmbiochembeh

Zonisamide decreases ethanol intake in rats and mice

Clifford M. Knapp **, Melissa Mercado ?, Tara Lynn Markley °, Steven Crosby *°,
Domenic A. Ciraulo ®, Conan Kornetsky *°

* Division of Psychiatry, Boston University School of Medicine, 715 Albany Street, R-620, Boson, MA 02118, USA
° Department of Pharmacology, Boston University School of Medicine, 715 Albany Street, R-620, Boson, MA 02118, USA

Received 15 August 2006; received in revised form 23 March 2007; accepted 3 April 2007
Auvailable online 11 April 2007

Abstract

Several anticonvulsant agents, including topiramate and valproate, have been found to reduce alcohol consumption in rodent models of
drinking. The question of whether the novel anticonvulsant agent, zonisamide, shares similar actions in either mice or rats was investigated in the
present experiments. In an initial experiment, the consumption of a 10% ethanol-5% sucrose solution, available for one hour, by Wistar rats treated
with lactose, topiramate, or zonisamide was determined. In a second experiment, the intake of a 10% ethanol/water solution, accessible for two
hours, by C57BL/B6N mice treated with either zonisamide or vehicle was assessed. In the rat, 50 mg/kg (PO) doses of either topiramate or
zonisamide produced significant, but moderate decreases in ethanol/sucrose intake. The administration of a 50 mg/kg (IP) dose of zonisamide to
mice resulted in a marked lowering in ethanol consumption. These results provide evidence that zonisamide administration will decrease ethanol
consumption by both mice and rats in limited access models of drinking, and might, like topiramate, be useful as a medication for alcoholism.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Anticonvulsant agents have been evaluated in both pre-
clinical and clinical studies as medications for the treatment of
alcohol dependence. Certain older anticonvulsant agents have
been found to decrease ethanol consumption in rodent models
of drinking. These agents include carbamazepine (Messiha et
al., 1986) and valproate (Gardell et al., 1998). In several clinical
trials, carbamazepine (Mueller et al., 1997), the carbamazepine
metabolite, oxcarbazepine (Croissant et al., 2004), and several
valproate-related derivatives have been found to reduce ethanol
consumption in alcoholic individuals (Longo et al., 2002;
Salloum et al., 2005). However, in other clinical trials neither
carbamazepine (Kranzler et al., 1995) nor divalproex, a
valproate derivative (Brady et al., 2002), significantly altered
alcohol intake in alcohol dependent subjects. Also, valproate
has not been found to reduce the desire of alcoholic individuals
to drink (Minuk et al., 1995). Thus, questions remain
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concerning the efficacy of older anticonvulsants as medications
for the treatment of alcohol dependence.

Newer anticonvulsant medications, including gabapentin
(Bisaga and Evans, 2006), lamotrigine (Rubio et al., 2006),
tiagabine (Nguyen et al., 2005; Rimondini et al., 2002; Schmitt
et al., 2002), and topiramate (Gabriel and Cunningham, 2005;
Johnson et al., 2003; Nguyen et al., 2007; Rubio et al., 2004)
also have been evaluated in pre-clinical and clinical studies as
agents for the treatment of alcoholism. At present, only
topiramate has been shown to reduce ethanol consumption in
alcohol dependent subjects in a double-blind placebo-controlled
trial (Johnson et al., 2003).

Topiramate, a derivative of sulfamate fructopyranose, is a
representative of a new class of sulfamate anticonvulsants
(Maryanoff et al., 1998). These agents bear some structural
resemblance to the sulfonamide anticonvulsants. The novel
anticonvulsant zonisamide (1,2-benzisoxazole-3-methanesulfo-
namide) is a member of this class of anticonvulsants (Maryanoff
et al., 1998), however, whether treatment with zonisamide or
other related sulfonamide anticonvulsants would modify
ethanol consumption has not been previously examined.
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Both topiramate (Astrup et al., 2004; Brown et al., 2002;
Carpenter et al., 2002; Chengappa et al., 2002; Tonstad et al.,
2005; Wilding et al., 2004) and zonisamide (Gadde et al., 2003;
McElroy et al.,, 2004) may promote weight loss in obese
individuals suggesting that these agents may share an ability to
influence one form of appetitive behavior. One mechanism that
might mediate the effects of topiramate, and possibly
zonisamide, on weight is suggested by the findings that the
chronic administration of topiramate has been shown to increase
neuropeptide Y messenger ribonucleic acid (mRNA) in the
hypothalamus while decreasing hypothalamic mRNA for
neuropeptide Y1 and Y5 receptors in Osborne—Mendel rats
(York et, al., 2000). Topiramate also has been shown to elevate
hypothalamic neuropeptide Y in Flinders rat lines (Husum et al.,
2003). These findings are of interest because neuropeptide Y
has been implicated in the regulation of ethanol consumption in
rodents (Gilpin et al., 2003; Gilpin et al., 2004; Gilpin et al.,
2005; Hayes et al., 2005; Schroeder et al., 2005; Sparta et al.,
2004). Whether zonisamide has similar actions on neuropeptide
Y activity remains to be determined.

Topiramate and zonisamide have some common pharmaco-
logical effects. Both agents may block voltage-sensitive sodium
channels (Rock et al., 1989; Schauf, 1987; Taverna et al., 1999;
Zona et al., 1997) and are low potency inhibitors of carbonic
anhydrase (Maryanoff et al., 1998; Maryanoff et al., 2005;
Masuda et al.,, 1980; Masuda and Karasawa, 1993). Both
topiramate and zonisamide inhibit calcium channel activity,
however, topiramate acts selectively on L-type calcium
channels (Zhang et al., 2000) while zonisamide actions are
directed towards T-type calcium channels (Kito et al., 1996;
Suzuki et al., 1992). Topiramate may inhibit the activity of
alpha-amino-3-hydroxy-5-metyloisixazole-4-propionate
(AMPA)/kainate receptors (Angehagen et al., 2004; Gibbs et al.,
2000; Gryder and Rogawski, 2003; Qian and Noebels, 2003;
Skradski and White, 2000). Zonisamide administration inhibits
excitatory post-synaptic potentials in frontal cortical tissues in a
manner consistent with the blockade of AMPA receptors
(Huang et al., 2005). Whether topiramate and zonisamide act
on the same AMPA/kainate receptor populations is open to
question. There is clear evidence that topiramate may have
selective actions on the kainate-type of receptors that contain
GluRS5 subunits (Gryder and Rogawski, 2003), while studies of
the interaction of zonisamide with specific AMPA/kainate
receptor subunits have not been conducted.

The present experiments were conducted to assess whether
zonisamide might have actions on ethanol consumption that are
similar to those produced by topiramate administration. The
effects of zonisamide administration on ethanol consumption in
both rats and mice were determined in limited access single
bottle choice experiments. In an initial experiment, the actions
of zonisamide on the consumption of an alcohol—sucrose
solution by Wistar rats were compared with those of topiramate.
Topiramate and zonisamide were orally administered in this
experiment. The presence of sucrose in the solution used to
assess drinking behavior introduces the confounding factors of
sugary taste and the ready availability of energy from sugar. To
circumvent this problem, a second experiment was conducted

using C57BL/B6 mice, a strain of mice that will readily learn to
consume ethanol without the use of sucrose fading procedures
(Le et al,, 1994). In the second experiment, the effects of
zonisamide were tested on the consumption of a 10% ethanol—
water solution by C57BL/BN mice. Also, in contrast to the first
experiment, animals were injected in the mouse experiment
with test agents to avoid the stresses associated with the oral
administration of drugs, which include restraining the animals,
the forced placement of a tube into the mouth, and possible
residual unpleasant drug tastes.

2. Methods

The Boston University Institutional Animal Care and Use
Committee approved all of the procedures used in the
experiments described below.

2.1. Experiment 1

2.1.1. Animals

Animals: Thirty male Wistar rats (Charles River Laborato-
ries, Inc., Wilmington, MA) were used in this experiment.
Animals were randomly assigned to lactose (n=10), topiramate
(n=10), or zonisamide (n=10) treatment groups. They were
individually housed in a facility separate from the testing
environment and maintained on a 12-hour light:12-hour dark
cycle. Training and testing were performed during the light
cycle. Animals had free access to food and water.

2.1.2. Training and testing

Rats were given access to ethanol solutions in acrylic
chambers with a 3/8-inch hole drilled in the side, located about
an inch above the bottom of the chamber. Forty-milliliter glass
tubes with rubber stoppers and metal sipper tubes placed
through the holes were mounted to the side of each box.

Rats were given unrestricted access to ecthanol—sucrose
solutions during 2-hour sessions. The concentration of ethanol
in these solutions was systematically increased, while the
concentration of sucrose was decreased over a 38-day period.
On Days 1-11 animals were given access to a 2% ethanol-10%
sucrose solution, on Days 12—24 to a 5% ethanol—5% sucrose
solution, on Days 25 to 38 an 8% ethanol-5% sucrose solution,
and then to a 10% ethanol-5% sucrose solution, which was
continued for 18 days prior to the start of the treatment phase.

The drug treatment phase began after animals had completed
8 weeks of drinking sessions. During this phase and during the
post-treatment phase animals continued to be given access to a
10% ethanol—5% sucrose solution during test sessions. Rats in
the three treatment groups were treated with 25 mg/kg doses of
either topiramate or zonisamide or with 25 mg/kg of lactose for
5 days, respectively. The dose of the two test anticonvulsant
medications was then increased to 50 mg/kg daily for 5 days.
Immediately after the drug treatment phase, the daily consump-
tion of ethanol-sucrose solution was monitored in the post-
treatment phase for 1 week to determine if any drug-induced
changes in drinking would persist after the discontinuation of
drug. Before and during the treatment phase rats’ weights were
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recorded daily to allow monitoring of drug-induced weight
changes.

2.1.3. Drug preparation and administration

In this experiment (Experiment #1) all test agents were
administered orally. These agents were delivered in two mini-
marshmallows (Kraft®) during the first four days of the drug
treatment phase in an effort to reduce the stress of forced oral
administration of test agents. Drugs were then administered
orally in a saccharin-sweetened solution, by a syringe con-
nected to a soft plastic tube. Only commercially available
oral forms of topiramate and zonisamide could be obtained
for this first experiment. Topiramate (Topamax®-Ortho-
McNeil Pharmaceutical, Raritan, New Jersey) (200 mg),
zonisamide (Zonegran®-Elan Biopharmaceuticals, San
Diego, California) (100 mg), or lactose (100 mg) were each
suspended in powdered form in distilled water brought up to
a volume of 1 ml. Two saccharin tablets were added to each
milliliter of the prepared suspensions to mask drug tastes.
Test agents were administered 2 h prior to the placement of
animals into drinking chambers with the exception of
topiramate, which was administered 1 h before testing during
Days 9 and 10 of the treatment phase. Times of topiramate
administration were varied because of uncertainties con-
cerning the pharmacokinetics of orally administered topir-
amate in the rat. Data concerning topiramate plasma
concentrations appear to be available only for times at 1, 6
and later hours (up to 24 h) following oral dosing of this drug
(Shank et al., 2000).

2.1.4. Statistical analysis

Mean ethanol consumption during the baseline phase in g/kg
for each animal was calculated by taking the mean of the last
five drinking days prior to drug administration. The g/kg of
ethanol consumed each day during drug administration minus
the baseline phase value was then divided by the baseline value
for each animal to determine the percent change from baseline.
For days on which the 50 mg/kg doses were administered,
separate comparisons for percent change in ethanol intake were
conducted between the lactose group and corresponding results
for each anticonvulsant group. These comparisons entailed the
use of a two-way repeated measures analysis of variance
(ANOVA), with treatment as the between group factor and
treatment day (time) as the within subject factor. Pair-wise
comparisons for each treatment day were performed using
Fisher’s least-significant difference test.

One-way ANOVA’s were used to compare mean baseline
volume of ethanol intake, percent change in ethanol intake on
treatment Day 5 (25 mg/kg dose in suspension) and mean
animals’ baseline weights amongst groups. Repeated measures
one-way ANOVA’s were used for within group comparisons of
mean baseline ethanol consumption with mean intake during
the marshmallow and post-treatment phase groups, and of group
weights across the treatment period. Two-way repeated
measures ANOVA’s with group and time as factors were
performed to determine if weight was altered by drug
administration during the treatment phase.

2.2. Experiment 2

2.2.1. Animals

Male C57BL/B6NHsd mice (Harlan Sprague Dawley,
Indianapolis, IN), derived from an NIH colony, were used in
this experiment. These mice are putatively alcohol preferring.
They were assigned to either vehicle (n=10) or zonisamide
(n=9) treatment groups. Mice weighed approximately 25 g
when they arrived and were 5—6 weeks old. Mice were handled
daily for a minimum of 5 days prior to the induction of drinking
and were maintained on a 12-hour light/dark cycle with all
testing conducted during the light cycle. They were housed
individually with free access to food and water.

2.2.2. Training and testing

Drinking sessions were 1 h in length. These sessions were
conducted in plastic cages that were identical to home cages
except that they did not contain bedding. A 15-milliliter
graduated wide mouth centrifuge tube was suspended in the
cage from an overhead wire screen cover. A metal sipper tube
was placed into a stopper in the mouth of the centrifuge tube.
Mice were induced to drink by the initial presentation of 3%
ethanol in tap water during drinking sessions over a 7-day
period. Animals were then given access to a 5% ethanol solution
for 7 days. The concentration of the ethanol solution made
available was then increased to 10%. Mice were then allowed to
drink a 10% ethanol solution for 13 days prior to the
administration of zonisamide or vehicle injections.

During the treatment phase of this experiment mice were
treated daily with 25 mg/kg of zonisamide or vehicle for 5 days
followed by a daily dose of 50 mg/kg daily for 5 days. Animals
were given access to ethanol on the first three days on which the
25 mg/kg dose of zonisamide was administered, and during the
5 days in which the 50 mg/kg dose of this drug was
administered. After the completion of the treatment period,
animals were given access to 10% ethanol solutions daily for
3 days to allow an assessment of ethanol consumption after
discontinuation of zonisamide administration. Before and
during the treatment phase, the weights of mice were recorded
daily to allow monitoring of drug-induced changes in the
animals’ weights.

2.2.3. Drug preparation and administration

Zonisamide (ChemAgis, Mountain Lakes, New Jersey) was
dissolved in a 40% propylene glycol solution by first
suspending this drug in propylene glycol, followed by the
addition of hot distilled water. A 40% propylene glycol solution
was used as the control vehicle in this experiment. Both
zonisamide and the control vehicle were administered by IP
injection in a volume of 10-ml/kg 45 min prior to the placement
of mice into the drinking chambers.

2.2.4. Statistical analysis

Mean ethanol consumption in g/kg for the 3 days prior to the
start of the drug treatment phase was used as the baseline level
of alcohol intake in this experiment. The mean ethanol intake
for the first three days of post-treatment phase was used as a
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measure of ethanol intake after treatment discontinuation. One-
way ANOVA’s were used to compare baseline values. Within
group comparisons of alcohol intake between the pre- and post-
treatment phases were performed using one-way repeated
measures ANOVA'’s. Separate comparisons were conducted
between lactose and each dose of anticonvulsant for percent
change in ethanol intake. Two-way repeated measures ANO-
VA’s were used for these comparisons with treatment as a
between group factor and time as a within subject factor. Post-
hoc testing was conducted using the Fisher’s least-significant
difference test. Two-way repeated measures ANOVA analysis
was also used for comparisons for weight over the treatment
phase.

3. Results
3.1. Experiment 1 (rats)

The first 38 pre-drug days allowed enough time for the rats to
escalate to the final concentration of 10% ethanol, 5% sucrose.
Animals then continued drinking at this concentration for
18 days prior to the start of the treatment phase.

The mean daily intake of ethanol in g/kg for each treatment
group for the baseline phase, the administration of drugs in
marshmallows (treatment phase Days 1-4), and the post-
treatment phase of this experiment are presented in Fig. 1. Mean
baseline ethanol consumption did not differ amongst the three
treatment groups. There was also no significant difference
amongst the groups in the amount of ethanol consumed during
the 4 days (treatment phase Days1—4) during which test agents
were administered in marshmallows. The mean amount of
ethanol consumed during days on which marshmallows were
eaten was significantly less than for the baseline phase for the
topiramate [F(1,9)=37.6; p=0.0002] and zonisamide [F(1,9)
=11.7; p=0.008], and approached being significantly different
for the lactose [F(1,9)=4.5; p=0.06] group.
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Fig. 1. Mean (+S.E.) g/kg daily intake of ethanol for the 5-day baseline phase
[Baseline], the drug in marshmallow treatment phase (treatment phase Days 1—
4) [Marsh], and for the post-treatment phase [Post] by the lactose [LAC] (n=10),
topiramate [TOP] (n=10) and zonisamide [ZON] (n=10) treatment groups.
*p<0.05 for comparison with baseline for the respective group. »=0.06 for
comparison with baseline for the lactose group.
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Fig. 2. Ethanol intake during treatment phase Days 510, when test agents were
administered in oral suspensions is presented. Intake is shown as the mean (£S.E.)
percent change from baseline in 10% ethanol—5% sucrose solution consumption by
the lactose, topiramate, and zonisamide treatment groups. Anticonvulsant agents
were administered as 25 mg/kg dose on Day 5 and as a 50 mg/kg dose on Days 6—
10 *p<0.05 for comparison between zonisamide and with lactose groups.
*p=0.057 for comparison between zonisamide and lactose groups. “p<0.05 for
comparison between topiramate and lactose groups.

For treatment Days 5—10, when drugs were administered in
suspension form, the mean daily percent change from baseline
in ethanol consumption over the drug treatment phase for each
group is shown in Fig. 2. For treatment phase Day 5, when the
25 mg/kg dose of anticonvulsant drugs was administered in
suspension form, the treatment effect was not significant for
mean percent in ethanol solution consumed for each active
agent compared to lactose. It should be noted, however, that
values for mean percent change from baseline were lower for
the anticonvulsant treatment groups than values for the lactose
group. For treatment phase Days 6—10, when 50 mg/kg doses of
drugs were administered in suspension form, the treatment
effect was significant for both the topiramate [F(1,18)=11.2;
p=0.004] and zonisamide groups [F(1,18)=10.2; p=0.005]
when each group was compared to the lactose group. Pair-wise
comparisons of topiramate and lactose groups indicate a
significant between group difference only for Day 10.
Significant or near significant differences between zonisamide
and lactose groups were detected for several treatment days (see
Fig. 2).

The mean daily amount of ethanol consumed during the
post-treatment phase was not significantly different from the
mean daily amount consumed during the baseline period for
either the lactose or zonisamide groups (Fig. 1). The mean daily
intake of ethanol during the post-treatment phase was
significantly reduced [F(1,9)=6.75; p=0.03], albeit to a small
extent, from the level consumed at baseline for the topiramate
group.

Mean weights for the three treatment groups did not differ
significantly from one another for the day prior to the start of the
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treatment phase. For daily weights obtained for the period of
time ranging from the day prior to the start of treatment to the
last day of the treatment phase, group X time interactions were
not significant for weights between the lactose and topiramate
groups or the lactose and zonisamide groups. There was a
modest increase in weight over the treatment phase for all of the
treatment groups. Mean weights changed from the day before
treatment to the last day treatment from 425.6 (SE£13.6) g to
438.6 (SE+14.5) g, from 449 (SE£14.2) gto 459 (SE£14.7) g,
and from 427.5 (SE+12.9) to 440.0 (SE+12.7) for lactose,
topiramate, and zonisamide groups respectively. For each
group, the time effect was significant (p < 0.001) for mean
weights obtained from the day before treatment to the last day of
treatment.

3.2. Experiment 2 (mice)

Although the mean baseline ethanol intake in the mice was
higher for the zonisamide group than for the vehicle group,
these values did not differ significantly [F(1,17)=2.5; p=0.13]
between these two groups (Fig. 3). For percent change from
baseline in ethanol intake there was a significant treatment
effect for the 50 mg/kg [F(1,17)=11.3; p=0.004], but not for
the 25 mg/kg zonisamide dose (Fig. 4). Significant or near
significant between group differences were found for Days 7, 8,
and 9. It should be noted that a significant between group
difference was not detected on Day 10 due, in part, to an
increase in drinking from Day 9 by mice in the zonisamide
group. This suggests the possibility that tolerance may develop
to the effects of zonisamide on drinking. However, because of
the reduction of drinking in the vehicle group for this day, the
failure to find a significant between group difference may reflect
a Type 1II error.

When mean ethanol intake for the baseline period and the
post-treatment phase were compared, no significant difference
between values obtained for these phases were found for either
the vehicle [F(1,9)=1.14; p=0.31] or the zonisamide [F(1,8)=
2.96; p=0.12] groups. Mean weights of mice did not differ
between the treatment groups the day prior to the administration
of test agents. The time x group interaction was significant [F
(10,170)=2.78; p=0.003] for weights obtained during the time
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Fig. 3. Mean (+S.E.) g/kg ethanol intake by mice for the vehicle [VEH] (n=10)
and zonisamide [ZON] (n=9) treatment groups for the baseline phase.
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Fig. 4. Mean (+S.E.) percent change from baseline in intake of 10% ethanol
solution by mice over treatment phase Days 1—10 for the zonisamide and vehicle
groups. A dose of 25 mg/kg was administered over treatment phase Days 1-5
and 50 mg/kg during Days 6—10. Alcohol consumption was not assessed on
Days 4 and 5. *p<0.05 for comparison with lactose group. p=0.054 for
comparison with lactose group.

period ranging between the day before the treatment phase to
the end of the treatment phase. This interaction appears to
reflect a trend for slightly greater rate in weight loss over the
treatment phase in the zonisamide group as compared to the
vehicle group. The mean weight for mice in the zonisamide
group changed from a mean of 32.4 (SE+1.0) g to a mean of
30.8 (£0.9) g, while mean weights for the vehicle-treated
animals went from 32.05 (SE£1.0) g to 31.3 (SE£0.9) g.

4. Discussion

The results of this investigation support the hypothesis that
zonisamide may reduce ethanol consumption in rodents. In both
mice and rats, significant reductions in ethanol consumption
were observed after administration of the 50 mg/kg dose, but
not after the 25 mg/kg dose. Following the discontinuation of
zonisamide administration, both rats and mice resumed
consumption of ethanol solutions at levels that were equivalent
to baseline intake levels, suggesting that the effects on drinking
of this anticonvulsant were readily reversible. While the 50 mg/
kg dose of zonisamide reduced ethanol intake, it did not alter
daily weight in the rats over the treatment period, and produced
only modest weight loss in mice. This suggests that the effects
of this drug on ethanol consumption are not associated with a
marked influence on the neuronal systems that are involved in
the regulation of food consumption.

The oral administration of topiramate to rats resulted in a
moderate reduction in the consumption of an ethanol—sucrose
solution. The overall treatment effect was significant for the 50
mg/kg dose of topiramate. However, while ethanol consump-
tion tended to be lower for the topiramate than for the lactose
group when the 50 mg/kg dose of this drug was administered,
between group comparisons for individual treatment days
indicated a significant group difference for the last treatment
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day only. Other investigators have shown that the administra-
tion of topiramate will decrease alcohol consumption in C57BL/
B6J mice (Gabriel and Cunningham, 2005; Nguyen et al.,
2007). It is of interest to note that topiramate administration has
not been found to alter ethanol-induced place preference in
C57B1/6J mice (Gremel et al., 20006).

Drugs were administered to rats in marshmallows during the
first four treatment days to minimize the stresses associated with
forced oral administration. The consumption of marshmallows
2 h before drinking sessions, however, tended to reduce the
amount of ethanol/sucrose solution consumed, although this
effect only approached significance for the rats treated with
lactose. Consequently, drugs were administered in suspension
form during the last 6 days of treatment.

The reduction in the intake of ethanol—sucrose solutions seen
after the consumption of marshmallows suggests that the
presence of sugar may have been a major factor in motivating
rats to drink these solutions, because the motivation for
consuming sucrose may have been satiated by the marshmal-
lows. The presence of sugars was clearly not a factor, however,
in motivating mice to drink ethanol-water solutions in the
second experiment. This leaves open the question as to whether
zonisamide altered ethanol consumption by mice and rats
through similar mechanisms involving a selective action on the
motivation to consume alcohol, or if its influence on the
consumption of sugars was a major factor for rats and not mice.
In recent work in a collaborating laboratory, a 50 mg/kg IP dose
of zonisamide was found to reduce the consumption of an
ethanol/water solution in one group of Long Evans rats, but not
that of a sucrose solution in a second group of animals (Leite-
Morris and Ciraulo, 2007). Thus, zonisamide administration
may have a selective inhibitory effect on ethanol intake while
not influencing sucrose consumption. The lack of effect of
zonisamide administration on sucrose solution intake also
suggests that this drug does not have a non-specific suppressant
effect on liquid consumption.

In mice, the administration of topiramate, at doses that
reduced ethanol consumption in C57BL/6 mice, did not
significantly alter motor activity (Nguyen et al., 2007).
Locomotor activity is not significantly decreased by the IP
administration of topiramate at doses ranging between 30 and
50 mg/kg in rats (Ciraulo et al., 2006; Shannon et al., 2005).
Performance on the rotorod is not impaired by the administra-
tion of doses of topiramate at a dose of 200 mg/kg IP to mice
(Tutka et al., 2005). These results suggest that topiramate-
induced reductions in ethanol consumption observed in the
present study also are unrelated to effects of this agent on motor
activity.

When used clinically, anticonvulsant doses are increased
gradually to enhance the extent to which they are tolerated. An
attempt was made to parallel this practice in the present study
with the dose of topiramate and zonisamide being raised to the
50 mg/kg level only after five days of administration of the 25
mg/kg dose. This approach should have reduced the likelihood
that non-specific drug effects such as sedation had an influence
on the consumption of ethanol by the experimental animals
when the 50 mg/kg dose was administered.

The doses of zonisamide tested in animals in the present
study were comparable to those found to be effective in the
prevention or suppression seizure activity in mice (Borowicz et
al., 2007; Masuda et al., 1979; Masuda et al., 1980; Nakamura
et al., 1994) and rats (Hamada et al., 2001; Kitano et al., 2005;
Masuda et al., 1979; Nakamura et al., 1994). These doses are
markedly lower than those of zonisamide reported to produce
motor impairing or sedative/hypnotic effects in most studies.
The ratio for plasma concentrations of anti-seizure to motor
impairing (as assessed by the rotorod test) effects of zonisamide
have been reported to be 7.6 and 8.8 for STD-ddy strain mice
and Wistar HLA strain rats, respectively (Masuda et al., 1979).
In Sprague—Dawley rats, locomotor activity was significantly
suppressed by a minimum effective dose of 300 mg/kg (IP) of
zonisamide (Shannon et al., 2005). Oral doses of zonisamide
below 300 mg/kg (PO) did not alter the spontaneous movement
of mice or rats (Masuda et al., 1980). The EDs, for impairment
of Wistar rats on the rotorod for zonisamide has been reported to
be 160 mg/kg (PO) (Kitano et al., 2005). Impairment of
performance of mice on the rotorod test has been produced by
zonisamide with EDsy’s ranging between 100 and 292 mg/kg
(PO) (Kitano et al., 2005; Masuda et al., 1980; Uno et al., 1979).
A 50 mg/kg dose of zonisamide when administered IP did not
significantly alter latency for escape by Long Evans rats from
the water in a Morris Water Maze (Ciraulo et al., 2006). The
EDjs, for the hypnotic effects of zonisamide in mice was found
to be 934 mg/kg (PO) (Masuda et al., 1980). These findings
suggest that zonisamide, at the doses used in the present study,
may not have hypnotic or motor impairing effects in either mice
or rats.

Higher concentrations of zonisamide may be attained in the
plasma after IP injection of this drug than if this drug was
administered orally when the same mg/kg dose of the drug is
administered (Masuda et al., 1979; Nagatomo et al., 1996). This
may be one explanation as to why the effects of zonisamide on
cthanol intake were greater in mice treated IP with this
anticonvulsant than they were in rats who received zonisamide
orally. This may also explain why zonisamide had an effect on
weight loss in the present study in mice, but not in rats. Finally,
the possibility needs to be considered that non-specific effects
of zonisamide resulting in reduced ethanol consumption would
be more likely to occur in the present experiment in mice after
IP injection of this agent than it would in rats following the oral
administration of this drug.

The limited access model of drinking used in the present study
fails to incorporate many features of drinking seen in the clinical
manifestations of alcohol dependence. For example, mice or rats,
when given limited access to ethanol, do not typically consume
sufficient quantities of ethanol over a long enough period of time
to produce the sustained high blood alcohol concentrations
needed to produce physical dependence such as is seen in severe
alcoholism. Ethanol consumption by animals in the experiments
described here can be characterized as being modest. This level of
consumption would not be expected to produce elevations in
brain or blood alcohol concentrations that exceed those observed
in previously reported limited access model studies of alcohol
consumption (Finn et al., 2004; Nurmi et al., 1999; O’Callaghan
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et al., 2002). Despite the limitations associated with the use of
limited access models, drugs such as naltrexone (Kim et al., 2004;
Stromberg et al., 1998; Stromberg et al., 2002), that have reduced
ethanol consumption in limited access sessions, have been found
to be effective medications for the treatment of alcoholism.
Therefore, the finding in the present study that zonisamide
decreases ethanol intake in both rats and mice may indicate that
zonisamide, like topiramate, will reduce alcohol consumption in
humans.
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