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Riluzole, an Inhibitor of Glutamatergic Transmission,
Suppresses Levodopa-Induced Rotations in
6-Hydroxydopamine-Lesioned Rats
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The unilateral 6-hydroxydopamine-lesioned rat model is
popular for the study of Parkinson’s disease. Administra-
tion of levodopa, the primary treatment in Parkinson’s dis-
ease, to 2,4,5-trihydroxyphenethylamine (6-hydroxydopam-
ine)-lesioned rats causes contraversive circling. This may
be due, in part, to overstimulation of supersensitive dop-
aminergic receptors in the lesioned hemisphere, by un-
stored dopamine formed from exogenous levodopa
(Crossman 1990). Following nigrostriatal dopamine de-
pletion, glutamatergic pathways within the striatum and
its output nuclei become overactive (Baas 2000). Riluzole
[2-amino-6-(trifluoromethoxy) benzothiazole; 6-trifluoro-
methoxy-1,3-benzothiazolde-2-ylamine] is a drug that
selectively depresses potential-driven glutamate action over
y-aminobutyric acid (GABA) release, and at higher con-
centrations, also strongly potentiates postsynaptic GABA
responses (Prakriya & Mennerick 2000; He et al. 2002).
Therefore, riluzole is currently used to treat amyotrophic
lateral sclerosis patients in whom glutamate excitotoxicity
is believed to play a role in motor neurone degeneration
(Bryson et al. 1996). In several experimental models, rilu-
zole was demonstrated to inactivate voltage-dependent so-
dium channels (Herbert et al. 1994; Taylor & Meldrum
1995; Anaki et al. 2000; Prakriya et al. 2000), although
evidence for activation of the G-protein-dependent process
has also been obtained (Doble et al. 1996). Riluzole pro-
tected dopaminergic cells in several experimental models
for Parkinson’s disease, induced by 6-hydroxydopamine in
rats (Barneoud et al. 1996), and by 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine, a metabolic poison with tro-
pism toward dopaminergic cells, in mice (Boireau et al.
1994), and monkeys (Benazzouz et al. 1995; Bezard et al.
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1998). In the present study, we investigated the effect of
riluzole on levodopa and apomorphine-induced rotational
behaviour in animals with already established unilateral 6-
hydroxydopamine lesions.

Brain lesions to the substantia nigra were made under
supervision of the Animal Care Committee at the Rabin
Medical Center. Male Sprague-Dawley rats weighing 250—
300 g (Harlan, Israel) were housed in standard conditions,
anesthetized with chloral hydrate, 350 mg/kg intraperito-
neally, and secured in a stereotaxic frame (Stoelting, USA).
6-Hydroxydopamine hydrobromide (12 pg in 6 pl of saline
with 0.01% ascorbate, Sigma, USA) was prepared fresh and
in order to prevent autooxidation, kept on ice until injec-
tion. A special drill was used to place a single burr hole at
the appropriate site with the following coordinates: pos-
terior 4.8 mm, lateral 1.8 mm dorsoventral, 8.1 mm with
respect to bregma and dura, based on the Stereotaxis Atlas
(Paxinos & Watson 1986). 6-Hydroxydopamine (6 pl, 1 pl/
min.) was injected using a Hamilton 10 pl syringe with a
26-gauge needle. At the completion of the injection, the
needle was left in place for another 3 min. and then with-
drawn at 1 mm/min. in order to prevent vacuum. The burr
hole was cleaned and the skin was closed (Perese et al.
1989).

The effectiveness of the lesion was determined 14 days
after surgery, by testing apomorphine-induced contralateral
turning behaviour (0.25 mg/kg), a reliable index of dop-
amine depletion (Hudson et al. 1993). The contralateral
turnings were measured visually in a round tool (40 cm di-
ameter), and only rats demonstrating an average of at least
six counterclockwise turns/min. over 30 min. were selected
for further study. For all rats (n=6), a one-week washout
period was interposed between each drug treatment. Com-
parison between the means in the rotational behavioural
data after drug administration, was analyzed by paired,
two-tail Student’s t-test with P<<0.05 considered as statisti-
cally significant.
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Fig. 1. Riluzole (10 mg/kg and 30 mg/kg, intraperitoneally) treatment after levodopa-induced (A) and apomorphine-induced (B) rotations
in 6-hydroxydopamine lesioned rats. Measured in a round tool for 2 hr. *P<<0.02, **P<0.01, ***P<0.005, Student’s t-test.

We found that administration of levodopa/carbidopa (50/
5 mg/kg respectively, intraperitoneally) elicited a high rate
of contraversive rotations away from the 6-hydroxydopami-
ne lesion site (30145 rotations/for 2 hr), while administra-
tion of riluzole (10 mg/kg, intraperitoneally), 30 min. before
levodopa/carbidopa, reduced rotations by 44% (169*21 ro-
tations/for 2 hr, P<<0.005). A higher dose of riluzole (30 mg/
kg, intraperitoneally) mildly enhanced the inhibitory effect
and reduced levodopa-induced rotation by 58% (12738 ro-
tations/2 hr; P<<0.02) (fig. 1A). Pretreatment with riluzole
(10 mg/kg, intraperitoneally) also reduced apomorphine-in-
duced (0.25 mg/kg) rotations by 49% (112*37 versus
219+45 rotations/for 2 hr; P<0.01) (fig. 1B).

In contrast, pretreatment with the N-methyl-D-aspartate
(NMDA) receptor antagonists amantadine (100 mg/kg,
intraperitoneally) or the synthetic cannabinoid that lacks
psychotropic properties (Eshhar et al. 1995), (+)- (3S,
48)-7-hydroxy-A°-tetrahydrocannabinol 1,1-dimethylheptyl
(HU-211, 0.5 mg/kg, intraperitoneally), did not affect the
rotation rate. In addition, pretreatment with the GABA
agonist, gabapentin (40 mg/kg, intraperitoneally) or the
voltage-sensitive sodium channels inhibitor, lamotrigine
(12.5 mg/kg, intraperitoneally) did not affect the rotation
rate (data not shown).

It is well known that following nigrostriatal dopamine
depletion, glutamatergic pathways within the striatum and
its output nuclei become overactive (Baas 2000). Therefore,
in the present study we used riluzole, an inhibitor of
glutamatergic release, and showed that it reduced levodopa-
and apomorphine-induced rotations in rats with 6-hydroxy-
dopamine lesions. The pharmacological properties of rilu-
zole include an inhibitory effect on glutamate release and
inactivation of voltage-dependent sodium channels. It also
has the ability to interfere with intracellular events that fol-
low neurotransmitter binding at excitatory amino acid re-
ceptors (Herbert ef al. 1994; Doble 1996; He et al. 2002).
However, in our study, pretreatment with amantadine or
HU-211, NMDA receptor antagonists, or gabapentin, a
GABA agonist, or the sodium channel inhibitor, lamotrigi-
ne, did not inhibit the rotational behaviour induced by levo-

dopa or apomorphine. This suggests that the mechanism in
which riluzole exerts its action in our model involves other
glutamate receptors subtypes or G-protein-dependent pro-
cesses or other mechanisms, such as interactions with other
neurotransmitter systems, yet unknown. In our study, rilu-
zole was given after the 6-hydroxydopamine lesion and thus
its effect was symptomatic only and not neuroprotective as
was shown by Barneoud ez al. (1996). Riluzole, given 15
min. before and 24 hr after the 6-hydroxydopamine lesion
in rats, was demonstrated to reduce both the apomorphine-
and amphetamine-induced rotations, and attenuated the de-
creased dopaminergic metabolism, in the striatum and the
substantia nigra (Barneoud et al. 1996).

As in patients with advanced Parkinson’s disease, rats
with massive (over 90%) unilateral destruction of the dop-
aminergic nigrostriatal projections, generated dopamine
from exogenous levodopa in the striatum occurring pre-
dominantly in dopa-decarboxylase containing non-dop-
aminergic compartments (Hefti er al. 1980). Since these
neuronal and non-neuronal sites unlike the dopaminergic
nerve terminals, do not contain dopamine storage vesicles,
the formed dopamine molecules are spilled out rapidly and
stimulate the receptors in a non-physiologic pulsatile
fashion (Melamed et al. 1980). In rats with unilateral 6-
hydroxydopamine nigral lesions, contralateral rotations in-
duced by levodopa may be analogous to the beneficial effect
of this drug in Parkinson’s disease patients. However, such
rotations may also relate to levodopa-induced dyskinesia,
which is the most common side effect of chronic treatment.
Overactivity of glutamateric transmission was suggested to
play a role in the pathogenesis of levodopa-induced dyski-
nesias (Baas 2000). Indeed, in a small non-controlled pilot
study, we have recently shown that riluzole treatment (100
mg/day) decreased the hours spent in dyskinesias, without
any deterioration of the signs and symptoms of Parkinson’s
disease, and with no significant side effects (Merims et al.
1999). In conclusion, our findings suggest that treatment
with riluzole might be beneficial for levodopa-treated pa-
tients with Parkinson’s disease through attenuation of the
glutamatergic overactivity.



SHORT COMMUNICATION, © Pharmacology & Toxicology 2003, 93, 54-56.

Acknowledgements

This work was performed in partial fulfillment of the re-
quirements for a Ph.D. degree of Yossi Gilgun-Sherki,
Sackler Faculty of Medicine, Tel-Aviv University, Israel.
Supported in part by grants from the Israel Ministry of
Health, The National Parkinson Disease Foundation,
U.S.A., and the Horviz and Nechet families.

References

Anaki, T., T. Kumagai, M. Matsubara, T. Ido, Y. Imai & Y. Itoya-
ma: Protective effect of riluzole on MPTP-induced depletion of
dopamine and its metabolite content in mice. Metab. Brain Dis.
2000, 15, 193-201.

Baas, H.: Dyskinesia in Parkinson’s disease. Pathophysiological and
clinical risk factors. J. Neurology 2000, 247, Suppl 4, IV/12-16.

Barneoud, P, M. Mazadier, J. M. Miqute, S. Parmentier, P. Dubed-
at, A. Doble & A. Boireau: Neuroprotective effects of riluzole in
a model of Parkinson’s disease in the rat. Neuroscience 1996, 74,
971-983.

Benazzouz, A., T. Boraund, P. Dubedat, A. Boireau, J. M. Stutz-
mann & C. Gross: Riluzole prevents MPTP-induced Parkinson-
ism in the rhesus monkey: a pilot study. Eur. J. Pharmacol. 1995,
284, 299-307.

Bezard, E., J. M. Stutzmann, C. Imbered, T. Boraund, A. Boirecau &
C. Gross: Riluzole delayed appearance of Parkinsonian motor
abnormalities in chronic MPTP monkey model. Eur. J. Pharmac-
ol. 1998, 356, 101-104.

Boireau, A., P. Dubedat, F. Bordier, C. Peny, J. M. Miquet, G. Dur-
and, M. Meunier & A. Doble: Riluzole and experimental Par-
kinsonism: antagonism of MPTP-induced decrease in central
dopamine levels in mice. Neuroreport 1994, 5, 2657-2660.

Bryson, H. M., B. Fulton & P. Benfield: Riluzole: a review of its
pharmacodynamic and pharmacokinetic properties and thera-
peutic potential in amyotrophic lateral sclerosis. Drugs 1996, 52,
549-563.

Crossman, A. R.: A hypothesis on the pathophysiological mechan-
isms that underlie levodopa- or dopamine agonist-induced dyski-

nesia in Parkinson’s disease: implications for future strategies in
treatment. Mov. Disord. 1990, 5, 100-108.

Davis, T. L., G. Brughitta, F. Baronti & M. M Mouradian: Acute
effects of pulsatile levodopa administration on central dopamine
pharmacodynamics. Neurology 1991, 41, 630-633.

Doble, A.: The pharmacology and mechanism of action of riluzole.
Neurology 1996, 47 (Suppl 4), S233-S241.

Eshhar, N., S. Striem, R. Kohen, O. Tirosh & A. Biegon: Neuropro-
tective and antioxidant activities of HU-211, a novel NMDA re-
ceptor antagonist. Eur. J. Pharmacol. 1995, 283, 19-29.

He, Y., A. Benz, T. Fu, M. Wang, D. E Covey, C. E Zorumski & S.
Mennerick: Neuroprotective agent riluzole potentiates post-
synaptic GABA (A) receptor function Neuropharmacology 2002,
42, 199-209.

Hefti, F, E. Melamed & R.J. Wurtman: The decarboxylation of
DOPA in the parkinsonian brain: in vivo studies in animal
models. J. Neural. Transm. 1980, Suppl. 16, 95-101.

Herbert, T., P. Drapeau, L. Pradier, & R. J. Dunn: Block of the rat
brain IIA sodium channel alpha subunit by the neuroprotective
drug riluzole. Mol. Pharmacol. 1994, 45, 1055-1060.

Hudson, J. L., V. H. G. Craig, I Stromberg, S. Brock, J. Clayton, J.
Masserano, B. J. Hoffer & G. A. Gerhardt: Correlation of apo-
morphine and amphetamine-induced turning with nigrostriatal
dopamine content in inilateral 6-hydroxydopamine lesioned rats.
Brain Res. 1993, 626, 167-174.

Melamed, E., F. Hefti & R. J. Wurtman: Nonaminergic striatal neu-
rons convert exogenous L-DOPA to dopamine in Parkinsonism.
Ann. Neurol. 1980, 8, 558-563.

Merims, D., I. Ziv, R. Djaldetti & E. Melamed: Riluzole for levod-
opa- induced dyskinesias in advanced Parkinson’s disease. Lancet
1999, 353, 1764-1765.

Paxinos, G. & C. Watson: The rat brain in stereotaxic coordinate.
New York Academic Press, 1986.

Perese, D. A., J. Ulman, J. Viola, S. E. Ewing & K. S. Bankiewicz:
A 6-hydroxydopamine-induced selective parkinsonian rat model.
Brain Res. 1989, 494, 285-293.

Prakriya, M. & S. Mennerick: Selective depression of low-release
probability excitatory synapses by sodium channel blockers. Neu-
ron 2000, 26, 671-682.

Taylor, C.P. & B. S. Meldrum: Na™ channels as targets for neuro-
protective drugs. Trends Pharmacol. Sci. 1995, 16, 309-316.



