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Abstract 

The effects of selective L-type Ca 2+ channel antagonists on severity of dystonia were investigated in a mutant hamster model of 
idiopathic generalized dystonia. Nimodipine and diltiazem significantly decreased the severity of dystonia. Nimodipine was more potent 
in this respect and did not cause any behavioral side effects. The present data therefore suggest that Ca 2÷ channel antagonists could be 
useful in the treatment of idiopathic dystonia. The antidystonic effect of diltiazem and nimodipine may be based on their antidopaminer- 
gic action. However, the lack of significant effects of the L-type channel agonist (-4-)-BAY k-8644 (1-5 mg/kg; methyl-1,4-dihydro- 
2,6-dimethyl-3-nitro-4-(2-trifluoro-methylphenyl)-pyridine-5-carboxylate)) on severity of dystonia may indicate that voltage-gated Ca 2÷ 
channels are not critically involved in the pathophysiology of dystonia in mutant hamsters. 
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1. Introduction 

Ca 2 * channel antagonists, well established for the treat- 
ment of cardiovascular diseases, have been suggested to 
provide a novel therapeutic approach in disorders of the 
central nervous system (Raeburn and Gonzales, 1988). 
L-type channel inhibitors both of the dihydropyridine class, 
such as nimodipine, and diltiazem, a benzothiazepine, can 
penetrate the blood-brain barrier to a high extent and these 
agents were found to decrease the activity of striatal 
dopaminergic neurons (Kerckhoff and Drewes, 1985; Gaggi 
and Gianni, 1990). Therefore, these compounds might 
have potential relevance in the treatment of basal ganglia 
disorders in which enhanced dopaminergic activity is 
pathophysiologically involved. Several case reports indi- 
cate beneficial effects of diltiazem in tardive dyskinesia 
which was accompanied by (secondary) dystonic symp- 
toms (Ross et al., 1987; Falk et al., 1988, Leys et al., 1988; 
Puciiowski, 1992). However, to our knowledge there are 
no clinical or preclinical data on L-type Ca 2÷ channel 
blockers in idiopathic dystonia. 

Pharmacological treatment of dystonia, i.e. a neurologi- 
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cal syndrome of sustained muscle contractions resulting in 
twisting movements of abnormal postures, is unpredictable 
and often disappointing (McGeer and McGeer, 1988). The 
pathomechanisms of idiopathic dystonia are largely un- 
known, but beneficial effects of dopamine receptor antago- 
nists suggest dopaminergic overactivity in some forms of 
dystonia (Lang, 1988). Although dopamine receptor antag- 
onists are often useful in the treatment of dystonia, they 
bear the risk of adding a tardive dyskinesia to the dystonia 
(Marsden and Quinn, 1990). Neuroleptic-induced dyskine- 
sia is attributed to development of postsynaptic dopamine 
receptor supersensitivity. In contrast to neuroleptics which 
additionally increase dopamine turnover, Ca 2÷ channel 
antagonists of the dihydropyridine and benzothiazepine 
class were found to reduce the striatal dopamine turnover 
in rats (Fadda et al., 1989; Gaggi and Gianni, 1990), a fact 
which may explain the antidyskinetic efficacy of Ca 2÷ 
channel inhibitors. Compared to neuroleptics, L-type Ca 2+ 
channel antagonists may therefore provide advances in the 
treatment of dystonia. 

This prompted us to examine the effects of nimodipine 
and diltiazem on the severity of dystonia in the mutant 
hamster model of idiopathic dystonia which was recently 
found to be sensitive to acute treatment with neuroleptics 
(L~Sscher and Fredow, 1992; Richter and I./Sscher, 1993). 
Furthermore, previous studies have shown antidystonic 
efficacy of NMDA receptor antagonists in mutant hamsters 
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(Richter et al., 1991). The NMDA receptor is distinct from 
voltage-sensitive channels, but drugs which block this 
receptor-gated channel (e.g. MK-801) lead to decreased 
membrane depolarisation and subsequent inactivation of 
voltage-sensitive Ca 2+ channels (Skeen et al., 1993). Thus, 
indirect inhibition of voltage-operated Ca 2+ channels may 
contribute to the antidystonic effect of NMDA receptor 
antagonists in mutant hamsters. In order to examine the 
pathophysiological role of voltage-gated Ca 2+ channels, 
the L-type Ca 2+ channel agonist (_+)-BAY k-8644 
(methyl- 1,4-dihydro-2,6-dimethyl-3-nitro-4-(2-trifluoro- 
methylphenyl)-pyridine-5-carboxylate) was included in the 
present study. 

2. Materials and methods 

The experiments were carried out in 7 groups of 7-14 
male and female mutant dystonic hamsters (genetic symbol 
d r  ~z) which were obtained by selective breeding (for de- 
tailed description see Fredow and LSscher, 1991). Dys- 
tonic attacks in dt sz mutant hamsters, characterized by 
generalized twisting movements and abnormal postures of 
limbs and trunk, can be induced by handling and mild 
environmental stimuli. The severity of dystonia is age-de- 
pendent with maximum severity between the 30th and 40th 
day of life ('max period', suitable to study antidystonic 
effects of drugs). Thereafter, the severity of dystonia slowly 
declines ('post-max period', suitable to examine prodys- 
tonic drug effects). Similar to idiopathic dystonia in hu- 
mans, dystonia in mutant hamsters occurs in the absence of 
morphological alterations in the brain or spinal cord 
(Wahnschaffe et al., 1990). 

In the present study, the dystonic attacks were induced 
by the procedure of triple stimulation (Fredow and Lrscher, 
1991), i.e. (1) taking the animal from its home cage and 

placing it on a balance, (2) i.p. injection of vehicle (pre- 
and post-drug control) or of the drug (in the present study: 
diltiazem, nimodipine or (___)-BAY k-8644, respectively), 
(3) placement of the hamster in a clean and empty plastic 
cage (one animal per cage). The severity of dystonia was 
rated by the following score system (L6scher et al., 1989): 
stage 1, flattened ears and flattened posture; stage 2, facial 
contortions, rearing with forelimbs crossing, disturbed gait 
with retarded setting of the forepaws; stage 3, stiffened 
hindlimbs so that the animals appear to walk on tiptoe in a 
dysmetric hypergait; stage 4, twisting movements and loss 
of balance; stage 5, hindlimbs hyperextended caudally; 
stage 6, immobilisation in a twisted, hunched posture with 
hind- and forelimbs tonically extended forward, Straub 
tail, alternating unilateral forelimb elevation, opisthotonus, 
copious red eye mucus and salivation. After reaching the 
individual maximum stage the hamsters usually recover 
within 2-5 h. The individual maximum stage of dystonia 
is usually reached within 3 h after the hamsters were 
placed in the new cage. Therefore the hamsters were 
observed for 3 h. During this period the severity of dysto- 
nia, the latencies to the different stages and, in case of 
drug trials, the side effects were noted. Pre- and post-drug 
control trials were undertaken 2 days before and 2 days 
after drug testing. The following doses of drugs were 
administered intraperitoneally: diltiazem at doses of 20, 40 
and 100 mg/kg;  nimodipine at 10, 20 and 50 mg/kg  and 
(_+)-BAY k-8644 at 1, 3 and 5 mg/kg.  Diltiazem was 
freshly dissolved in distilled water and nimodipine was 
suspended (under dark conditions) in 10% cremophore EL 
prior to the experiments. In additional experiments, (+_)- 
BAY k-8644 was used in order to examine if this L-type 
Ca z + channel agonist exerts opposite effects on severity of 
dystonia compared to the antagonists. The adverse effects 
of ( + )-BAY k-8644 were also investigated in a group of 5 
age-matched non-dystonic control hamsters of an outbred 
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Fig. 1. Effect of  diltiazem on severity of dystonia in mutant hamsters at the age of maximum severity ( 'max period'). 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 of 20.0, 40.0 or 100.0 mg/kg ,  Control 
recordings were undertaken 2 days before (pre-drug control) and 2 days after (post-drug control) the drug trial. Asterisks indicate significant reduction of 
severity in comparison to the pre- and post-drug control ( * P < 0.05; * * P < 0.01). Data are shown as means + S.E. of  8 (20.0 mg/kg) ,  7 (40.0 m g / k g )  
or l I (100.0 m g / k g )  dystonic hamsters. Open bars: pre- and post-treatment control scores; black bars: scores under treatment. 
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Table 1 
Effect of diltiazem, nimodipine and ( ± )-BAY k-8644 on latency to onset of dystonic attacks in mutant dystonic hamsters 

199 

Dose Age (days) Latency (min) 
(mg/kg)  at drug trial Pre-drug trial Drug trial Post-drug trial 

Diltiazem 
20.0 38 10.9 _+ 1.2 10.0 ± 1.5 8.9 ± 1.9 8 
40.0 37 8.3 _+ 1.0 13.6 ___ 1.0 9.7 ___ 2.1 7 

100.0 33 7.6 _+ 0.7 14.4 ± 1.2 v 6.7 ± 0.9 11 
Nimodipine 

10.0 34 10.6 +_ 1.6 12.9 + 1.6 10.9 ± 2.0 8 
20.0 36 12.4 ± 1.4 11.7 ± 1.4 8.8 ± 1.4 9 
50.0 40 8.6 ± 1.5 15.6 ± 1.9 a 9.3 ± 1.1 8 

( +)-BAY k-8644 
3.0 38 11.3 ± 1.0 7.9 ± 0.9 Ca) 11.0 ±. 1.1 14 
1.0 49 11.9 ± 1.4 10.7 ± 0.7 14.5 ± 1.2 13 
3,0 50 10.0± 1.3 9.0+ 1.0 12.0±2.1 7 
5.0 52 12.0 ± 0.8 7.4 ± 0.9 ta) 13.8 ± 1.4 10 

Latency was determined as the time to the first unequivocal signs of the dystonic attacks (stage 2). Data are shown as means +_ S.E. of the number of 
hamsters indicated. Significances to pre-drug and post-drug controls are marked by a ( p  < 0.05) and b ( p  < 0.01). Significant decreases of the latency to 
onset by ( ___ )-BAY k-8644 ((a)) may merely be simulated by behavioral side effects. 

line. (+)-BAY k-8644, kindly provided from Tropon 
(Cologne, Germany), was freshly dissolved in 10% cre- 
mophore under dark conditions. Injection volume was 5 
ml/kg.  For control recordings, the hamsters received the 
same volume of vehicle. The significance of differences in 
severity of dystonia and the latency to onset of dystonia 
between pre- and post-drug control trials and drug trial 
was calculated by the Wilcoxon signed rank test for paired 
replicates. 

3. Results 

As shown in Fig. 1, diltiazem significantly reduced the 
severity of dystonia in mutant hamsters at the dose of 100 
mg/kg  during the 2nd and 3rd hour of observation. The 

latency to onset of dystonic symptoms was significantly 
increased (P  < 0.01)from 7.6 + 0.7 (pre-drug)or 6.7 + 0.9 
(post-drug) to 14.4 + 1.2 min (Table 1). At 20 or 40 
mg/kg,  no significant effects on severity or latency to 
onset of dystonia were recorded. Adverse effects of dilti- 
azem observed at 100 mg/kg  were reduction of sponta- 
neous locomotion, moderate sedation and ataxia during the 
1 st hour after injection. 

Nimodipine exerted similar antidystonic effects as dilti- 
azem, but was more potent in this respect. At a dose of 10 
mg/kg  nimodipine already tended to decrease the severity 
of dystonia (Fig. 2). At higher dosages of 20 and 50 
mg/kg  the severity of dystonia was significantly reduced 
during the 1st and 2nd hour after administration. At 50 
mg/kg,  the latency to onset of dystonia was increased 
(P  < 0.05) from 8.6 +__ 1.5 (pre-drug) or 9.3 + 1.1 (post- 
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Fig. 2. Effect of nimodipine on severity of dystonia in mutant hamsters at the age of maximum severity ( 'max period'). 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 of 10.0, 20.0 or 50.0 mg/kg.  Control 
recordings were taken 2 days before (pre-drug control) and 2 days after (post-drug control) the drug trial. Asterisks indicate significant reduction of 
severity in comparison to the pre-drug and post-drug control ( * P < 0.05; * * P < 0.01). Data are shown as means + S.E. of 8 (I0.0 and 50.0 mg/kg)  or 9 
(20.0 mg/kg)  dystonic hamsters. Open bars: pre- and post-treatment control scores; black bars: scores under treatment. 
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Fig. 3. Effect of (4-)-BAY k-8644 on severity of dystonia in mutant 
hamsters at the age of maximum severity of dystonia (' max period'). 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 
of 3.0 or 5.0 mg/kg. Control recordings were taken 2 days before 
(pre-drug control) and 2 days after (post-drug control) the drug trial. Data 
are shown as means + S.E. of 14 (3.0 mg/kg) or 7 (5.0 mg/kg) dystonic 
hamsters. Open bars: pre- and post-treatment control scores; black bars: 
scores under treatment. 

drug) to 15.6 + 1.9 min (Table 1). The slow development 
of  higher stages of  dystonia during the 2nd and 3rd hour 
(20 m g / k g )  or 3rd hour (50 m g / k g )  of  observation indi- 
cates that the duration of  action of  nimodipine in hamsters 
was not long enough to suppress the development of  
higher stages of  dystonia over the whole period of  observa- 
tion. At all doses, nimodipine did not cause any be- 
havioural adverse effects. 

The L-type Ca 2+ channel agonist ( + ) - B A Y  k-8644 
examined at doses of  3 and 5 m g / k g  in mutant hamsters at 
the age of  maximum severity of  dystonia ( 'max period') 
did not exert significant effects on the severity of  dystonia 

(Fig. 3). However, at a dose of 3 m g / k g  the latency to 
onset of  dystonia appeared to be significantly decreased 
(Table 1). At the dose of  3 m g / k g ,  marked facial contor- 
tions were observed 5 - 1 0  min after injection in both 
dystonic hamsters and in control hamsters. At a dose of  5 
m g / k g ,  ( + ) - B A Y  k-8644 caused marked side effects 
during the 1st hour after administration. Similar to be- 
havioural adverse effects in mice (Bolger et al., 1985; 
Palmer et al., 1993), Straub tail, facial contortions, limb 
clonus and tonus, sitting position with rearing and de- 
creased motor activity lasting 30 min were followed by 
grooming and licking, Since these adverse effects already 
appeared 5 min after administration, the latency to onset of  
dystonia could not adequately be determined. ( + ) - B A Y  
k-8644 (3.0 and 5.0 m g / k g )  exerted comparable adverse 
effects in age-matched non-dystonic control hamsters. 

(__+)-BAY k-8644 was additionally examined in dys- 
tonic hamsters at the age of 49 -52  days, at which the 
severity is decreased ( '  post-max'). The data shown in Fig. 
4 clearly demonstrate the lack of  any effects of  ( _+ )-BAY 
k-8644 (1.0, 3.0 and 5.0 m g / k g )  on the severity of 
dystonia. At the dose of  5 m g / k g ,  the latency to onset of  
dystonia was significantly reduced (Table 1). No be- 
havioural adverse effects were observed at the dose of 1 
and 3 mg and the adverse effects induced by 5 mg 
( + ) - B A Y  k-8644 were less marked than at the age of 
maximum severity both in mutant dystonic hamsters and in 
non-dystonic controls. Thus, at a dose of  5 mg the be- 
havioural adverse effects of  ( + ) - B A Y  k-8644 were lim- 
ited to facial contortions, rearing, grooming and licking, 
which occurred 5 min after administration with a duration 
of about 10 rain. 

Since one of  the first unequivocal signs of dystonia in 
mutant hamsters (stage 2) are facial contortions and rear- 
ing, the significant decrease of  latency to onset found after 
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Fig. 4. Effect of (4-)-BAY k-8644 on severity of dystonia in mutant hamsters aged 49-52 days, at which the severity of dystonia is decreased ('post-max 
period'). 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 of 1.0, 3.0 or 5.0 mg/kg. Control recordings were taken 2 days before (pre-drug control) and 2 days after (post-drug control) the drug trial. 
Data are shown as means + S.E. of 13 (1.0 mg/kg), 7 (3.0 mg/kg) or 10 (5.0 mg/kg) dystonic hamsters. Open bars: pre- and post-treatment control 
scores; black bars: scores under treatment. 
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administration of (+)-BAY k-8644 (Table 1) at doses of 3 
(' max period') and 5 mg (' post-max period') seems merely 
to be due to the adverse effects of (+)-BAY k-8644. 

4. Discussion 

The present data provide the first experimental evidence 
that the selective L-type Ca 2÷ channel antagonists ni- 
modipine and diltiazem may exert antidystonic effects in 
idiopathic dystonia. This finding could be clinically rele- 
vant, but the mechanism responsible for the antidystonic 
action of these Ca 2÷ channel inhibitors remains unclear. 
Since the L-type Ca 2÷ channel agonist (+)-BAY k-8644, 
even at high doses which induced convulsions, failed to 
increase the severity of dystonia in mutant hamsters, a 
primary pathogenetical role of voltage-operated L-type 
Ca 2 + channels seems to be unlikely. 

Several reports indicate that the dihydropyridine (e.g. 
nimodipine) and non-dihydropyridine (e.g. diltiazem) Ca 2÷ 
channel antagonists possess antidopaminergic properties 
which may essentially contribute to their therapeutic use- 
fulness in the treatment of a variety of central nervous 
system disorders (Pucilowski, 1992). This effect of Ca 2÷ 
antagonists might be relevant for their antidystonic activity 
found in the present study, since recent pharmacological 
and neurochemical experiments indicated that an overac- 
tivity of the dopaminergic system may be involved in 
dystonia in mutant hamsters (L~Sscher and Fredow, 1992; 
Richter and L~Sscher, 1993; Nobrega et al., 1995). The 
decrease in dopamine turnover by nimodipine and dilti- 
azem is restricted to the striatum (Gaggi and Gianni, 1990; 
Gaggi et al., 1992), whereas the opposite effect of (+)-  
BAY k-8644 on dopamine turnover seems not to be lim- 
ited to basal ganglia (Pucilowski, 1992). Such differences 
may explain that (+)-BAY k-8644 did not aggravate 
dystonia in mutant hamsters but induced convulsions. 

In addition to the antidopaminergic action, dihydro- 
pyridine Ca 2÷ channel blockers can inhibit NMDA recep- 
tor-mediated responses by other mechanisms than inhibi- 
tion of L-type Ca 2÷ channels (Chaudieu et al., 1992). With 
regard to previous finding of antidystonic effects of NMDA 
receptor antagonists in mutant hamsters (Richter et al., 
1991), this effect may contribute to the antidystonic effi- 
cacy of nimodipine. Furthermore, the effects of Ca 2+ 
channel inhibitors might be, at least partially, related to 
their anticholinergic properties that were demonstrated both 
at receptor and functional level (Pucilowski, 1992). As 
shown by previous pharmacological studies, anticholiner- 
gics exert weak antidystonic effects in mutant hamsters 
(Fredow and LSscher, 1991). 

Besides anticholinergics (administered at high doses), 
antidopaminergic drugs have been found to be the most 
effective therapeutics in terms of percentage of dystonic 
patients who receive moderate to marked benefit (Fahn, 
1987). However, chronic treatment with neuroleptics bears 

the risk of inducing tardive dyskinesia and dopamine 
depleting agents, such as tetrabenazine, may cause depres- 
sion (Marsden and Quinn, 1990). In this regard Ca 2÷ 
channel antagonists may provide advances in the treatment 
of dystonia because they possess antidyskinetic and antide- 
pressant properties (Pucilowski, 1992). However, it is im- 
portant to note that flunarizine, a non-selective Ca 2+ chan- 
nel blocker, exerts opposite effects, i.e. this compound was 
found to cause tardive dyskinesia and depression (Chouza 
et al., 1986). In contrast to selective L-type Ca z÷ channel 
antagonists, flunarizine increases the striatal dopamine 
turnover (Fadda et al., 1989; Gaggi and Gianni, 1990), 
which supports the hypothesis that beneficial effects of 
diltiazem and nimodipine are based on their antidopamin- 
ergic action. 

As shown by the present study, at antidystonic effective 
doses nimodipine did not induce any behavioural adverse 
effects, whereas diltiazem caused a reduction in sponta- 
neous motor activity and ataxia in dystonic hamsters. A 
similar dose-dependency of central adverse effects of ni- 
modipine and diltiazem was found in mice (Palmer et al., 
1993). Nimodipine might be therefore more useful in the 
treatment of dystonia than diltiazem, which has been re- 
ported to be beneficial in secondary dystonia (Pucilowski, 
1992). Ca 2÷ channel inhibitors may certainly cause vaso- 
dilatation, but also the common treatment with anticholin- 
ergics and neuroleptics is complicated by peripheral side 
effects (Fahn, 1987). At least, in view of the central side 
effects, Ca 2+ channel antagonists may be acutely better 
tolerated than neuroleptics. Recent pharmacological studies 
in mutant hamsters have shown that neuroleptics reduced 
the spontaneous motor activity at antidystonic effective 
doses (L~Sscher and Fredow, 1992). Further preclinical and 
clinical studies are needed in order to examine the chronic 
efficacy and side effects of Ca 2÷ channel blockers in 
comparison to neuroleptics in dystonia. 

In conclusion, the present study provides evidence that 
Ca 2÷ channel antagonists might be beneficial in idiopathic 
dystonia. The antidystonic efficacy of nimodipine and 
diltiazem could be related to their antidopaminergic activ- 
ity. Therefore, Ca 2÷ channel antagonist may represent an 
effective alternative in the treatment of dystonic patients 
who response to neuroleptics or dopamine depleting agents. 
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