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RABBANI, M., J. BROWN, A. R. BUTTERWORTH AND H. J. LITTLE. Dihydropyridine-sensitive calcium chan- 
nels and barbiturate tolerance and withdrawal PHARMACOL BIOCHEM BEHAV 47(3) 675-680, 1994. -- We have shown 
previously that the dihydropyridine calcium channel antagonist nitrendipine, given chronically, prevents the development of 
ethanol tolerance and physical dependence. The present study examines the effects on barbiturate tolerance and physical 
dependence. Nitrendipine, given acutely during withdrawal, provided little protection against barbiturate withdrawal, as 
measured by convulsive behaviour on handling. When nitrendipine was given chronically concurrently with the barbiturate, a 
prolonged protection against the withdrawal syndrome was seen. Acute nitrendipine significantly increased the latency of 
seizures in response to the partial benzodiazepine inverse agonist FG7142 during barbiturate withdrawal, but there was no 
effect on the seizure incidence in response to bicuculline. Chronic treatment with nitrendipine did not alter the development 
of tolerance to the ataxic or general anaesthetic actions of barbiturates, but evidence was found of a possible interaction 
between nitrendipine and pentobarbitone, which may have been pharmacokinetic. The results suggest that neuronal calcium 
channels may be involved to some degree in the development of the changes responsible for barbiturate withdrawal, but to a 
less extent than found previously for ethanol dependence. 

Barbiturate Dependence Dihydropyridine Calcium channels Withdrawal Tolerance 

TOLERANCE to the barbiturates occurs after chronic admin- 
istration, and they produce a physical dependence resembling 
that of ethanol, but the physiological changes that are respon- 
sible for these effects are not fully understood. Acutely, the 
barbiturates are well known to potentiate the effects of GABA 
(3,-aminobutyric acid), acting at their own receptor sites on 
the GABA/receptor ionophore complex (22,26). This action 
may be involved in the adaptations that develop on chronic 
treatment (11). 

The high threshold, "L" subtype of voltage-sensitive calcium 
channels is said to be selectively blocked by dihydropyridine 
compounds (20). We have found that these compounds have 
specific actions in ethanol dependence. Chronic ethanol treat- 
ment increased the number of high affinity binding sites for di- 
hydropyridines in the central nervous system (7). When the cal- 
cium channel antagonists were given acutely on withdrawal 
from chronic ethanol treatment, they protected against the eth- 
anol withdrawal syndrome (15,16). When injected acutely with 
ethanol, they potentiated its pharmacological effects. How- 
ever, when the dihydropyridines were given concurrently with 
ethanol they prevented the development of tolerance (5,29) and 

the ethanol withdrawal syndrome (27). These effects were sug- 
gested to be due to an adaptive response to the dihydropyri- 
dines, preventing the upregulation of dihydropyridine-sensitive 
binding sites, as the central concentrations during measurement 
of tolerance and withdrawal were too low to have acute behav- 
ioural actions (5,27). We also showed that a dihydropyridine 
calcium channel antagonist prevented tolerance to nitrous oxide 
and the withdrawal syndrome caused by this anaesthetic (6). 

Barbiturates block calcium uptake into neurones (1,8). Tol- 
erance occurred to this effect after chronic treatment (14), 
but little is known about the effects of long-term barbiturate 
administration on dihydropyridine-sensitive calcium channels. 
Dihydropyridine calcium channel antagonists, given acutely, 
potentiated the general anaesthetic actions of barbiturates (4), 
and the calcium channel activator Bay K 8644 had an antago- 
nist action (2). The present work investigated whether or not 
a dihydropyridine calcium channel antagonist, nitrendipine, 
protected against the barbiturate withdrawal syndrome and 
whether this compound would affect the development of toler- 
ance and physical dependence on barbiturates, when given 
chronically with these compounds. 

1 To whom requests for reprints should be addressed. 
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METHODS 

Chronic Drug Treatment 

Barbital was used for all the chronic barbiturate treatment. 
This compound does not induce microsomal enzymes (17), so 
its use avoided the complications of metabolic tolerance. Male 
TO strain mice were used, weighing between 20-35 g with not 
more than a 5-g range in any one experiment. They were given 
barbital in powdered food for seven days (unless otherwise 
stated): 3 mg/g food for two days, 4 mg/g food for two days, 
and 5 mg/g food for three days. The mean intakes of barbital 
were 400 mg/kg/day at the beginning of the treatment, rising 
to 700 mg/kg/day at the end. Controls received a matched 
amount of powdered food only. All mice were weighed regu- 
larly during the treatments and no significant differences in 
weights were found. In all studies the amount of food, and 
hence barbital, taken in by the mice was measured daily. The 
concurrent administration of nitrendipine did not alter the 
amount of barbital received by the animals in any of the exper- 
iments. 

Nitrendipine was suspended in Tween 80, 0.507% and in- 
jected by the IP route. All solutions were prepared under red 
safe-light. For the chronic nitrendipine treatment, the com- 
pound was injected at 50 mg/kg twice daily for the period of 
barbital administration, at 1000 and 2200. Separate groups of 
mice, not treated with barbital, were also given the nitrendip- 
ine injections. The last injections were given 12 h or 24 h 
before the barbital withdrawal so that the effects of the 
chronic treatment, rather than any acute actions, would be 
studied. 

For the withdrawal measurements, the mice were placed in 
clean cages at the end of the seven-day treatment and given 
powdered food without barbital for at least 19 h before testing 
with the exception of the second chronic nitrendipine study, 
where testing began 13 h from barbital withdrawal. Our previ- 
ous studies showed that the withdrawal syndrome was seen 
clearly between 12 and 24 h from withdrawal. 

Measurement o f  the Barbiturate Withdrawal Syndrome 

The barbiturate withdrawal syndrome was measured by 
ratings of convulsive behaviour on handling. This method was 
first established by Goldstein and Pal (10) for ethanol with- 
drawal. Our method was similar to this, with slight modifica- 
tions (12). Mice were gently picked up by the tail and turned, 
first in one direction and then the other. Rating numbers were 
allocated as follows: 0, no signs of tremor or hyperexcitability; 
1, occasional signs of tremor; 2, continuous tremor; 3, inter- 
mittent clonic convulsions, consisting of repeated contractions 
of the limbs, particularly the hind legs; and 4, continuous 
clonic convulsions. 

The ratings of convulsant behaviour on handling were car- 
ried out once an hour over periods of time after the removal 
of the barbital. All the mice were coded so that the observer 
was unaware of the prior drug treatment. A minimum of 10 
animals was used in each treatment group. 

Responses to Convulsive Drugs 

The effects of nitrendipine during barbiturate withdrawal 
were also tested by its effects on seizures produced by the 
GABA antagonist bicuculline and by FG7142, a partial inverse 
agonist at benzodiazepine receptors. Both convulsants were 
given by the IP route: bicuculline at 3.5 mg/kg and FG7142 at 
40 mg/kg. We have shown previously that barbital withdrawal 
increases the effects of both of these compounds (unpublished 

results), and these doses were chosen to produce seizures in 
about 95% of mice during barbital withdrawal. Injections of 
nitrendipine, 50 mg/kg IP, were given 30 min before the con- 
vulsants. The effects of this dose of nitrendipine were also 
tested when it was given 5 h before the FG7142. In each case 
the convulsant was given 24 h after cessation of chronic barbi- 
tal treatment. The seizure incidence was noted for 40 min 
following the convulsant injections. A full seizure was re- 
corded when clonic movements of the limbs were observed, 
accompanied by loss of posture. In all cases the observer was 
blind to the prior drug treatment. 

Tolerance to the Ataxic Actions of  Barbiturates 

Tolerance to the barbiturate was assessed at 24 or 48 h 
after the cessation of chronic barbital treatment. Nitrendipine, 
50 mg/kg, or vehicle injections were given as described above 
during the barbital treatment, the last injections being given 
24 h before barbital withdrawal (unless otherwise stated). Sep- 
arate groups of mice received nitrendipine or vehicle injec- 
tions, but no barbital, although powdered food was given, as 
above. 

The rotorod method was used to measure ataxia. The 
ataxic effects were measured using a rotating rod with a rota- 
tion speed of 4.5 rpm. Injections of either pentobarbital, 30 
mg/kg, or sodium barbital, 150 mg/kg, were given, and then 
the mice were placed on the rotating rod at intervals and the 
time spent on the rod measured. The doses of barbiturates 
used in the rotorod test were chosen on the basis of prior 
experiments to almost, but not completely, prevent the ability 
of the naive mice to stay on the rotating rod. Tolerance to 
this action would therefore be seen easily. A maximum time 
of 180 s was allowed. There were eight mice in each treatment 
group in the first tolerance studies, in which pentobarbital 
was used as the "challenge" drug. When sodium barbital was 
used in the rotorod test, between 10 and 17 mice were used in 
each treatment group. 

Tolerance to the General Anaesthetic Effect of  Pentobarbital 

The test used in the assessment of anaesthesia was the loss 
of righting reflex in response to pentobarbital. This was tested 
after withdrawal from the 7-day barbital diet used in the other 
studies and after 12 days of such barbital treatment. In both 
cases, the tests were made 24 h after the removal of the barbi- 
tal diet. Nitrendipine 50 mg/kg IP was given twice daily, as 
above, with the last injection given 24 h before the withdrawal 
of barbital. 

Loss of righting reflex was said to have occurred if a mouse 
failed to regain the upright posture (i.e., all four legs on the 
benchtop) within 60 s of being placed on its back. Following 
administration of pentobarbital 40 mg/kg, each animal was 
rolled onto its back at intervals until the righting reflex was 
regained. A minimum of 10 animals was used in each treat- 
ment group. 

Statistical Analysis 

The ratings of convulsive behaviour during withdrawal 
were compared by two-way nonparametric analysis of vari- 
ance (18). Seizure incidences were compared using Fisher's 
exact probability test. The rotorod times were compared by 
the Mann-Whitney U test. Comparisons of the seizure inci- 
dence were made using Fisher's exact probability test, and the 
latencies to convulsions were compared by Student's unpaired 
t test. 
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FIG. 1. The effects of acute administration of nitrendipine, 50 mg/ 
kg IP, on the barbiturate withdrawal syndrome. The nitrendipine was 
given 19 h after cessation of chronic barbital treatment in both stud- 
ies. Values are medians, with an example of the interquartile range. 
O, control diet + acute vehicle; O, control diet + acute nitrendip- 
ine; [Z, barbital diet + acute vehicle; II, barbital diet + acute ni- 
trendipine. 

RESULTS 

The Barbiturate Withdrawal Syndrome 

Figure 1 shows the effects of acute nitrendipine on the 
barbiturate withdrawal syndrome when the drug was given at 
50 mg/kg IP 19 h from withdrawal. In the first experiment 
nitrendipine slightly lowered the median ratings in barbital- 
treated mice for the first 3 h of the study (Fig. la) but did not 
appear to affect the withdrawal after this time. The difference 
during the first 2 h between the ratings after barbital with- 
drawal with nitrendipine or with vehicle injections was signifi- 
cant (p < 0.05). The study was repeated (Fig. lb) with mea- 
surements made over a longer time period, again starting at 
20 h withdrawal. Although nitrendipine 50 mg/kg given at 19 
h withdrawal decreased the median ratings in the first two 
hours of measurement, the difference was not significant (p 
> 0.05). 

When given chronically with the barbital, nitrendipine de- 
creased the behavioural ratings during withdrawal (Fig. 2). 
Figure 2a shows that this effect lasted longer than that after 
the acute administration. When the values in this study were 
compared over the whole of the 8-h measuring period, the 
difference between nitrendipine and vehicle injections was sig- 
nificant (p < 0.001). Figure 2b illustrates the results of a sep- 
arate study using chronic nitrendipine treatment when mea- 

surements were made between 13 h and 24 h from barbital 
withdrawal. Again, the ratings after treatment with barbital 
plus nitrendipine were significantly lower than those after bar- 
bital alone, compared over the whole of the testing period (p 
< 0.001). In neither study did administration of nitrendipine 
alone for seven days alter the behavioural rating scores. 

Bicuculline Convulsions 

Administration of nitrendipine did not alter the incidence 
of seizures after bicuculline during barbital withdrawal, illus- 
trated in Table 1 (p > 0.05, compared with vehicle injection 
during barbital withdrawal)• However, the occurrence of sei- 
zures during barbital withdrawal in response to FG7142 was 
reduced and the latencies significantly prolonged (p < 0.01) 
by nitrendipine given 30 rain prior to the convulsant (Table 
1). When a 5-h pretreatment time was used for nitrendipine, 
the effects on the actions of FG7142 were not significant (p 
> 0.05). 

Tolerance to the A taxic Actions o f  Barbiturates 

In the first study on barbiturate tolerance, we tested the 
ataxic actions of pentobarbital after chronic barbital treat- 
ment rather than those of barbital because the onset and offset 
of the effects of pentobarbital were more rapid and could be 
measured more clearly. No difference was seen in the degree 
of tolerance to the ataxic actions of pentobarbital 24 h after 
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FIG. 2. The effect of concurrent chronic nitrendipine treatment on 
the barbiturate withdrawal syndrome. The last nitrendipine injections 
were given 12 h before barbital withdrawal. Values are medians. O, 
control diet + vehicle injections; O, control diet + nitrendipine in- 
jections; n ,  barbital diet + vehicle injections; l ,  barbital diet + 
nitrendipine injections. 
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T A B L E  1 

SEIZURE INCIDENCE IN RESPONSE TO BICUCULLINE OR 
FG7142 DURING BARBITAL W I T H D R A W A L  

Convulsion Latency to 
Incidence First Seizure 

1) Bicuculline, 3.5 mg/kg 
Pretreatment 30 min before 

bicuculline 
Tween vehicle 8/10 122 + 15 
Nitrendipine, 50mg/kg 9/10 139 :t: 27 

2) FG7142, 40 mg/kg 
Pretreatment 30 min before 

FG7142 
Tweenvehicle 9/10 155 + 16 
Nitrendipine, 50 mg/kg 5/10 310 + 57* 
Pretreatment 5 h before FG7142 
Tween vehicle 10/10 163 + 26 
Nitrendipine, 50 mg/kg 8/9 234 ± 55 

The convulsants were given 24 h after cessation of chronic barbital 
treatment. Latencies are given as mean + SE. *p < 0.01 compared 
with vehicle treatment. 

barbital withdrawal when either nitrendipine or  its vehicle was 
given chronically with the barbital t reatment  (Fig. 3a). How- 
ever, as illustrated in this figure the effects of  pentobarbi tal  
appeared to be increased by chronic treatment with nitrendi- 
pine in the absence o f  barbital.  The experiment was therefore 
repeated using a longer t ime interval, 48 h, between tolerance 
testing and the end of  the barbital administration. A similar 
pattern o f  results was obtained (Fig. 3b). The concurrent  ni- 
trendipine treatment did not  appear to alter the development  
o f  tolerance to pentobarbi tone,  but  six days o f  t reatment  with 
nitrendipine alone appeared to increase the effects o f  the chal- 
lenge dose o f  pentobarbital ,  al though the difference was not 
quite significant (p  = 0.08, comparison between mice given 
nitrendipine and those given vehicle, at the 40-rain test in- 
terval). 

In view of  the latter result, it was thought  that a similar 
effect in the barbital- treated mice might be masking changes 
in barbiturate tolerance. The study was therefore repeated 
using the nonmetabol ised compound,  barbital,  as the chal- 
lenge drug, since it was thought  possible that the above effect 
of  nitrendipine could have been due to interference with the 
metabol ism of  pentobarbital .  The results, obtained 24 h after 
withdrawal f rom barbital,  are illustrated in Fig. 3c. There was 
no significant effect o f  the concurrent  nitrendipine treatment 
on the tolerance developed to the barbital ,  al though it was 
slightly less. In contrast  to the results obtained when pentobar-  
bital was used, no effect was seen of  chronic nitrendipine 
t reatment  on the ataxic effects of  barbital  when nitrendipine 
was given alone. 

Tolerance to the General Anaesthetic Actions o f  
Pen tobarbital 

The results of  the anaesthesia studies are illustrated in Fig. 
4. Clear tolerance was produced to the general anaesthetic 
effects o f  pentobarbi tal  when measured 24 h after withdrawal 
f rom the 7-day chronic barbital  treatment.  This appeared to 
be unaltered by the concurrent  administrat ion o f  nitrendipine 
(Fig. 4a). This was in contrast to our  previous results on etha- 
nol tolerance (5), but as the durat ion o f  the nitrendipine treat- 
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FIG. 3. The effects of concurrent chronic nitrendipine treatment on 
tolerance to the ataxic actions of barbiturates produced by seven days 
of barbital treatment. Figure 3a illustrates the effects of pentobarbi- 
tal, 30 mg/kg, 24 h after cessation of the chronic treatments. The 
results in Fig. 3b show the rotorod times when 30 mg/kg pentobarbital 
was given 48 h after the cessation of chronic barbital treatment (72 h 
after the last nitrendipine injection). For the results in Fig. 3c, sodium 
barbital, 150 mg/kg, was injected 24 h after cessation of chronic 
barbital treatment (48 h after the last nitrendipine injection). In all 
the results, significant tolerance was seen after the barbital treatment, 
but this was unaffected by the concurrent administration of nitrendi- 
pine. Values are means + SE. ©, control diet + vehicle injections; 
O,  control diet + nitrendipine injections; [Z, barbital diet + vehicle 
injections; • ,  barbital diet + nitrendipine injections. 
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FIG. 4. Measurements of the duration of the general anaesthetic ac- 
tion of pentobarbitone after 7 days (Fig. 4a) or 12 days (Fig. 4b) 
barbital treatment, with or without concurrent administration of ni- 
trendipine. Pentobarbital was given at 40 mg/kg IP in each case. The 
addition of nitrendipine to the chronic treatment did not significantly 
alter the effects of pentobarbital after either vehicle or barbital 
chronic treatment (p > 0.1). Values are means + SE. 

ment was less than in the previous work, we repeated the tests 
on the general anaesthetic action of pentobarbital after 12 
days treatment with barbital. Nitrendipine was given twice 
daily, as before, with the last injection 24 h before cessation 
of the barbital diet. Figure 4b shows that concurrent adminis- 
tration of nitrendipine did not alter the tolerance to the action 
of pentobarbital. 

DISCUSSION 

Some protective effect of acutely administered nitrendipine 
was seen on the barbiturate withdrawal syndrome, but this 
was less than that seen in our earlier studies on the ethanol 
withdrawal syndrome (16) and was of short duration. The 
compound also had little anticonvulsant action against sei- 
zures due to bicuculline during barbital withdrawal, although 
there was a significant effect on the convulsions produced by 
the partial inverse agonist FG7142. Dihydropyridine calcium 
channel antagonists have been reported to have some anticon- 
vulsant actions, mainly against seizures due to pentylenetetra- 
zol, but we have found this effect to be small compared with 
their actions against seizures induced by withdrawal from eth- 
anol (16) or from nitrous oxide (6). We have found little anti- 
convulsant action against other types of seizures (3). We have 
not seen any protective effects against the actions of bicucul- 
line in control mice, but this convulsant was included to see 
whether nitrendipine affected the potentiation of its actions 
that is seen during barbiturate withdrawal. 

When given chronically, concurrently with the barbital, 

nitrendipine had a protective effect on the barbital withdrawal 
syndrome. We showed previously that such treatment com- 
pletely prevented the occurrence of convulsive behaviour on 
handling during ethanol withdrawal (27). The effect on the 
barbiturate withdrawal syndrome was not as complete as in 
the latter study, but was consistent in both experiments. The 
pattern was also consistent in that the effect of the concurrent 
chronic nitrendipine treatment was evident throughout the 
withdrawal testing periods, in contrast to the acute action. 
The nitrendipine injections were stopped at least 24 h before 
the testing began, and we have shown previously that the brain 
concentrations of nitrendipine at this time interval after two 
weeks treatment with the dose schedule used in the present 
study were too low to have any acute action on the ethanol 
withdrawal syndrome (27). In view of the very small acute 
action of nitrendipine on barbiturate withdrawal (see above), 
it is unlikely that the effects seen in the present experiments 
were due to such an acute effect. Nitrendipine therefore ap- 
pears to act on the development of the adaptive responses that 
result in the withdrawal syndrome. 

The tolerance studies, however, did not show any effects 
of chronic nitrendipine on the development of tolerance to 
either the ataxic or the general anaesthetic actions of barbitu- 
rates. These results were complicated by an effect of chronic 
nitrendipine, when given in the absence of barbital, that in- 
creased the actions of pentobarbital. We have not previously 
seen any effects of such treatment, either on the actions of 
ethanol (5), on the convulsant properties of bicuculline (27), 
or when measuring behaviour in the absence of acute drug 
administration. The interaction may have been due to an ef- 
fect of the nitrendipine treatment on pentobarbital metabo- 
lism. This was supported by the fact that it was not seen when 
barbital was used as the challenge drug, as barbital undergoes 
little metabolism (17). 

The dose of nitrendipine used in this work, 50 mg/kg, was 
the same as that in our earlier studies on ethanol physical 
dependence (16,27). During this earlier work we measured the 
brain concentrations of this compound after acute injection 
(using the same strain of mice as the present study) and found 
that 2 h after injection the mean concentration was 1.4 #M 
and by 8 h after administration it had fallen to 400 nM. These 
values are in the same range as those found to be required for 
effects on neurones. Nitrendipine at 0.1-10 ~M had a selective 
effect on calcium currents in dorsal root ganglion cells (24). 
Mogul and Fox reported that nimodipine, at 2/~M, selectively 
affected a slowly inactivating calcium current in acutely iso- 
lated hippocampal CA3 neurones (19). The selectivity of dihy- 
dropyridines in blocking the L subtype of calcium channel 
reported in cultured cells (20) may not be as clear in brain 
tissue; Takahashi et al. reported that in CAI hippocampal 
pyramidal cells nicardipine had more effect on T-type currents 
(ICso value 3/zM) than on those resembling the N or L sub- 
types (25). However, some selectivity may be seen when cal- 
cium currents are activated by the dihydropyridine Bay K 8644 
(28), and the level of depolarisation will affect the results, as 
blockade by dihydropyridines was decreased by hyperpolarisa- 
tion (9). The latter effect may account for the greater sensitiv- 
ity of cardiac and muscle cells to dihydropyridines. Concen- 
trations of nitrendipine of 10 /~M and above are not 
considered to be selective for calcium currents in neurones 
(24). 

We have previously reported increased density of dihydro- 
pyridine binding after chronic ethanol treatment, but little 
change in affinity (23). Increases in calcium channel activity 
after barbital treatment were also demonstrated by an increase 
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in 45Ca2+ uptake  (13). In the  lat ter  study, the  increase in cal- 
c ium up take  into h ippocampa l  slices af ter  the  barb i ta l  treat-  
men t  was b locked  by a d ihydropyr id ine  calcium channe l  an-  
tagonist ,  while the  d ihydropyr id ines  had  no  effect  on  up take  
in to  synaptosomes .  In b o t h  these studies the  same chronic  
t r ea tmen t  schedule was used as in the present  work,  and  the 
results suggested tha t  increases may  occur  in b o t h  d ihydropyr-  
idine-sensitive and  dihydropyr id ine- insensi t ive  calcium chan-  
nels. 

These  results suppor t  the  concept  tha t  wi thdrawal  syn- 
dromes  caused by e thanol  and  by barb i tu ra tes ,  whilst  superfi-  
cially similar,  are no t  p roduced  by the  same mechanisms .  This  
is consis tent  wi th  the  results o f  O k a m o t o  et al. (21), who  came 
to a similar conclus ion fol lowing their  demons t r a t i on  tha t  di- 
azepam was more  effective in protec t ing  against  ba rb i tu ra t e  
wi thdrawal  than  against  e thano l  wi thdrawal .  

In summary ,  acute admin i s t r a t ion  o f  a calcium channe l  
an tagonis t  gave a small  a m o u n t  o f  p ro tec t ion  against  the be- 

havioura l  signs of  wi thdrawal  f rom barbi ta l .  The effects were 
less p r o n o u n c e d  than  those against  e thanol  wi thdrawal .  Con-  
current  chronic  admin is t ra t ion  of  n i t rendipine  was more  effec- 
tive, and  the calcium antagonis t  appears  to  decrease the adap-  
tive changes responsible  for  the wi thdrawal  syndrome.  There  
was no  effect,  however ,  of  concur ren t  admin i s t ra t ion  of  ni- 
t rendipine  on  the development  o f  tolerance to barbi tura tes .  
These results suggest tha t  dihydropyridine-sensi t ive calcium 
channels  may be involved to a small  degree in the  adap ta t ions  
to chronic  ba rb i tu ra t e  t rea tment ,  bu t  to a considerably less 
extent than  in e thanol  dependence.  
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