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Gabapentin decreases the severity of dystonia at low dosesin a genetic
animal model of paroxysmal dystonic choreoathetosis
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Abstract

The effects of the y-aminobutyric acid (GABA)-potentiating drug gabapentin (1-(aminomethy!) cyclohexaneacetic acid) on severity of
dystonia were examined in a hamster model of idiopathic paroxysmal dystonic choreoathetosis. In the genetically dystonic hamster (dt %)
recent pharmacological and neurochemical studies suggested that disturbed GABAergic inhibition is involved in the pathogenesis. In line
with a case report of beneficial effects in human paroxysmal dystonic choreoathetosis, gabapentin reduced the severity of dystonia in
mutant hamsters at doses of 5 and 10 mg kg~ i.p. At higher doses (20 and 100 mg kg~1), gabapentin, however, failed to exert
antidystonic effects. The GABApotentiating activity of gabapentin could explain the antidystonic effects of low doses, while the loss of
efficacy at higher doses may be due to other mechanisms of gabapentin. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Gabapentin (1-(aminomethyl)cyclohexaneacetic acid) is
a novel anticonvulsant drug which is generaly well-
tolerated (Ramsey, 1995). Although classical antiepileptic
drugs are not effective in idiopathic paroxysmal dystonic
choreoathetosis, a subtype of dystoniain which episodes of
dystonic and choreoathetotic movements precipitated by
stress may last up to several hours, gabapentin has been
reported to exert beneficia effects (Chudnow et al., 1997b).
The pathophysiology of idiopathic paroxysmal dystonic
choreoathetosis in humans is unknown, but previous phar-
macological and neurochemical findings in mutant dys-
tonic hamsters (gene symbol dt?), an animal model which
shows al characteristics of paroxysmal dystonic choreo-
athetosis, indicated that dysfunction of the y-aminobutyric
acid (GABA)-ergic system plays a critical role in the
pathogenesis (Richter and Loscher, 1998).

Although gabapentin was designed as a structural ana-
log of GABA, it does not modulate GABA receptor func-
tion, i.e,, the drug actions are distinct from those of severa
other GABApotentiating drugs such as benzodiazepines
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which are known to be effective in human paroxysmal
dystonic choreoathetosis (Demirkiran and Jankovic, 1995)
and to reduce the severity of dystonia in dt>* hamsters
(Richter and Loscher, 1998). Gabapentin was found to
elevate brain GABA levels probably by enhanced GABA
synthesis (Loscher et al., 1991) and also decreases brain
glutamate concentrations (Taylor et al., 1998). In dystonic
hamsters, neurochemical studies suggested that the GABA
synthesis is reduced in the striatum, and drugs such as
aminooxyacetic acid which increase brain GABA levels
exerted antidystonic effects in the hamster model (Richter
and Loscher, 1998). Furthermore, glutamate receptor an-
tagonists decreased the severity of dystoniain dt>* mutant
hamsters (Richter et al., 1991, 1993). With regard to the
effects of gabapentin on inhibitory and excitatory amino
acids, we examined in the present study if gabapentin
reduces the severity of dystonia in mutant hamsters, as
observed in a patient with paroxysmal dystonic choreoa-
thetosis (Chudnow et al., 1997h).

2. Materials and methods

The mutant dystonic hamsters (genetic symbol dt*?)
used for the present study were obtained by selective
breeding (for detailed description see Richter and Loscher,
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1998). The experiments were carried out in four groups of Gabapentin was administered intraperitoneally at doses
9-11 mutant dystonic hamsters with an age of 30-40 of 5, 10, 20 and 100 mg kg~ !. Gabapentin was freshly
days, at which the age-dependent dystonia reaches maxi- dissolved in distilled water. The injection volume was 5 ml
mum severity. In dts* hamsters dystonic attacks can be kg~!. For control recordings, the hamsters received the
provoked by mild stress. In the present study, the dystonic same volume of vehicle. The significance of differencesin

attacks were induced by the procedure of triple stimulation severity of dystonia and the latency to onset of dystonia
(Loscher et a., 1989), i.e., (1) taking the animal from its between pre- and post-drug control trials and drug trial
home cage and placing it on a balance, (2) i.p. injection of was calculated by the Wilcoxon signed rank test for paired
vehicle (pre- and post-drug control) or of gabapentin, (3) replicates.

placement of the hamster in a clean and empty plastic cage

(one animal per cage). Since the dystonic syndrome con-

sists of a sequence of abnormal movements, the severity of 3. Results

dystonia can be rated by following score-system (Loscher

et al., 1989; Richter and Loscher, 1998): stage 1, flattened As shown in Fig. 1, gabapentin decreased the individua
ears and flattened posture; stage 2, faciad contortions, maximum severity of dystonia in mutant hamsters at a
rearing with forelimbs crossing, disturbed gait with re- dose of 5.0 mg kg~! in comparison to the pre- and
tarded setting of the forepaws; stage 3, stiffened hindlimbs post-drug controls. At adose of 10.0 mg kg™?, the antidys-
so that the animals appear to walk on tiptoes in a dysmet- tonic effect became already evident during the second hour
ric hypergait; stage 4, twisting, choreoathetotic movements of observation. At both doses, the severity of dystonia was

and loss of baance; stage 5, hindlimbs hyperextended not reduced during the first hour after administration and
caudaly; stage 6, immobilisation in a twisted, hunched no significant effects could be observed on the latency to

posture with hind- and forelimbs tonically extended for- onset of unequivocal dystonic symptoms (stage 2), indicat-
ward and other signs, such as aternating unilateral fore- ing a delay in the onset of gabapentin’s antidystonic effect.
limb elevation and opisthotonos. After reaching the indi- The antidystonic effective doses did not cause any side
vidual maximum stage the hamsters usually recover within effects.

2-5 h. The individual maximum stage of dystonia is At higher doses of 20.0 and 100 mg kg~ *, gabapentin
usually reached within 3 h after the hamsters were placed did not exert any significant effects on the severity of
in the new cage. Therefore, the hamsters were observed for dystonic choreoathetosis (Fig. 1). The symptoms of the

3 h. During this period the severity of dystonia, the different stages appeared to be more marked after adminis-
latencies to the different stages and, in case of drug trials, tration of 100 mg kg~* gabapentin compared to the vehi-

the side effects were noticed. Pre- and post-drug control cle controls, and the latency to stage 6 tended to be
trials were undertaken 2 days before and 2 days after drug decreased from 84.7 + 9.7 (pre-drug) or 81.3 + 13.3
testing. (post-drug control) to 56.0 + 7.6 min (P < 0.05 vs. pre-
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Fig. 1. Effect of gabapentin on severity of dystonia in mutant hamsters. Usually, the individual maximum severity of dystonia is reached within 3 h after
induction of dystonia by triple stimulation including the i.p. injection 5, 10, 20 or 100 mg kg~ gabapentin (black bars) or vehicle for pre- and post-drug
controls (open bars). The figure shows the average of the maximum individual severity scores of dystonia reached within the 1st, 2nd and 3rd hour after
i.p. administration, reflecting the progression of dystonia in mutant hamsters after treatment with the compounds and without drug-treatment (vehicle
controls). Control recordings were undertaken 2 days before (pre-drug control) and 2 days after (post-drug control) the drug trial. Data are shown as
means + S.E. of 11 (5.0 mg kg~1), 9(10.0 mg kg~ 1) or 10 (20.0 and 100 mg kg~ 1) dystonic hamsters. Asterisks indicate significant reduction of severity
in comparison to the pre-drug and post-drug control (*P < 0.05).
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drug, not significant vs. post-drug), indicating a tendency
to prodystonic effects. A dose of 20 mg kg~! caused
moderate hyperlocomotion lasting from 30 to 100 min
after injection. Twenty minutes after administration of 100
mg kg~ ! gabapentin, the hamsters exhibited marked hy-
peractivity (hyperlocomotion and biting) and ataxia during
the 3-h observation period.

4. Discussion

The present finding of antidystonic efficacy of low
doses of gabapentin in mutant hamsters confirms the dt s>
hamster as a suitable animal model for drug testing be-
cause the data are in line with a case report of human
paroxysmal dystonic choreoathetosis in which gabapentin
(10 mg kg™ ! day™!) exerted benefit (Chudnow et al.,
1997b). These observations seem to support the suggestion
of Fouad et al. (1996) that GABAergic dysfunctions de-
serve attention in human paroxysmal dystonic choreoa
thetosis. Although the cellular mechanisms of pharmaco-
logical actions of gabapentin are not completely known,
severa lines of evidence indicate that gabapentin increases
GABA synthesis (Loscher et al., 1991; Taylor et a.,
1998). Furthermore, gabapentin inhibits the striatal
dopamine release and the synthesis of glutamate (Reimann,
1983; Taylor et al., 1998). These mechanisms of action
may be relevant for its antidystonic efficacy in mutant
hamsters. As indicated by recent pharmacological and
neurochemical studies in dt®* hamsters, disturbed
GABAergic function and enhanced striatal dopaminergic
activity play a critical role in the dystonic syndrome, and
glutamatergic overactivity may contribute to the manifesta-
tion of dystonia(Rehders et al., 1998; Richter and Loscher,
1998). Furthermore, gabapentin seems to exert calcium
channel antagonistic properties (Taylor et al., 1998). Al-
though there is no evidence that calcium channel function
is disturbed in mutant hamsters, antidystonic effects of
calcium channel blockers which decrease dopamine release
were observed in recent studies (Richter and Loscher,
1996).

However, the antidystonic effects of 5 and 10 mg kg™ *
gabapentin were not very marked in dystonic hamsters,
probably due to delayed onset of action of gabapentin.
Delayed onset, also observed for the anticonvulsant proper-
ties, has been explained by delayed distribution of
gabapentin to the brain compartment and biochemical
events, such as elevation of extracellular GABA levels
(Welty et al., 1997; Taylor et al., 1998).

The lack of antidystonic effects of gabapentin at higher
doses of 20 and 100 mg kg~ ! in mutant hamsters was an
unexpected finding. Since recent studies have shown
prodystonic effects of Na® channel blockers in mutant
hamsters (Richter et al., 1994, 1997), it should be consid-
ered that gabapentin decreases sustained firing of Na™-de-
pendent action potentials during long incubation periods in

vitro (Wamill and McLean, 1994). In humans, various
Na* channel inhibitors have been reported to may cause
dystonic and choreoathetotic movements (Corey and
Koller, 1983; Frost et a., 1996). Chudnow et al. (1997a)
described two epileptic patients with choreoathetotic reac-
tions after treatment with high doses of gabapentin (> 20
mg kg~ 1). Tentatively, the loss of antidystonic efficacy at
higher doses, and a tendency of aggravation of dystonia
observed after administration of 100 mg kg~ gabapentin
in mutant hamsters, may be related to effects on voltage-
dependent Na* channels. From the present data in mutant
hamsters and case reports in humans, it may be concluded
that gabapentin could represent an interesting candidate for
the treatment of paroxysmal dystonic choreoathetosis at
low well-tolerated doses, but the administration of higher
doses of gabapentin may rather bear the risk to aggravate
dystonia.
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