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39(2) 325-327, 1991.--The possible role of voltage-sensitive calcium channels (VSCCs) in the anxiolytic effect of ethanol was 
investigated using three different doses of ethanol (0.5, 1.0 and 2.0 g/kg) with calcium agonist Bay K 8644 (0.5 mg/kg) and 
calcium antagonist nifedipine (5 mg/kg) in rats. Ethanol produced an anxiolytic effect in a dose-dependent manner. The Bay K 
8644-potentiated anxiolytic effect of ethanol, however, Bay K 8644 did not alter anxiety when used alone. Nifedipine itself showed 
an anxiolytic effect but did not change the ethanol-induced anxiolytic effect. This finding may lead to the consideration of the 
neurochemical mechanisms of the anxiolytic effects of ethanol and nifedipine as they vary from each other. 
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THE anxiety-reducing property of ethanol is considered to be a 
major factor in its wide abuse throughout human history (3,4). 
Even though the anxiolytic action of ethanol has been shown 
both in laboratory animals (2) and humans (4), its nature is 
poorly defined. 

However, Dalterio et al. (5) have demonstrated that diaz- 
epam, a benzodiazepine drug, potentiates the anxiolytic effect of 
ethanol. Besides, ethanol shares many neuropharmacological prop- 
erties, including augmentation of GABAergic neurotransmission, 
with benzodiazepines and barbiturates (1, 21-23). 

Recent studies have shown that ethanol and other sedative 
hypnotic drugs, such as barbiturates, chlordiazepoxide and chlor- 
promazine, inhibit voltage-dependent calcium influx (6,29). Fur- 
thermore, voltage-sensitive calcium channel (VSCC) antagonists 
have been reported to elicit a multitude of behavioral responses 
including anticonvulsant, antidepressant, neuroleptic-like, and 
even anxiolytic effects (27). 

The present study was designed to test the possibility of 
VSCCs being involved in the anxiolytic action of ethanol, by 
using a channel agonist, Bay K 8644, and an antagonist, nifed- 
ipine, from dihydropyridine (DHP) group drugs. For this pur- 
pose, we used rats in our experiment and the elevated plus maze 
for the measurement of anxiety-related behavior. 

METHOD 

Subjects 

Adult male Wistar rats, weighing 200-250 g, were housed 
9-10 per cage in an animal colony facility for one week prior to 
being used in the experiment. The animals were maintained in a 
constant room temperature (21 __- I°C) under a 12-hour light/dark 
cycle (light onset at 0600) with free access to commercial chow 
and tap water. 

Apparatus 

Anxiety-related behavior was measured by the elevated plus 
maze. The plus maze consisted of two open arms, 50 x 10 cm, 
and two excluded arms, 50 × 10 × 40 cm, with an open roof, ar- 
ranged such that two open arms were opposite to each other. 
The maze was elevated to a height of 50 cm. Each rat was 
placed in the central square of the maze facing one of the open 
arms. During a 5-min trial the number of entries into open and 
closed arms was measured, and the time spent in each type of 
arm was scored by two unaware observers. 

Procedure 

The animals were randomly assigned to the following drug 
condition groups. Rats were pretreated intraperitoneatly (IP) with 
either saline or Bay K 8644 (0.5 mg/kg) or nifedipine (5 mg/ 
kg), followed 20 min later with an IP injection of either ethanol 
(0.5, 1.0 and 2.0 g/kg) or saline. Rats were then individually 
housed and were subjected to the elevated plus maze test 25 min 
after the second injections. The protocol was designed for 5 
consecutive days, so that two rats from each group were run 
concurrently on each test day. All experiments were performed 
between 8:30-12:30 a.m. 

Drugs 

Bay K 8644 (Bayer AG) was dissolved in Bay A 1040 pla- 
cebo solvent (composition: 969 g polyethylene glycol .400, 60 g 
glycerine, 100 g water) for injection. Nifedipine (Do~u Ilaq) was 
suspended in 1% carboxymethylcellulose. Both solutions were 
protected from light. Ethanol solutions were prepared by mixing 
95% ethanol in isotonic saline to yield doses of 0.5 g/kg (4.3% 
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FIG. 1. Effects of three doses of ethanol, Bay K 8644 and nifedipine on 
mean (---SEM) percentage of open arm entries (white bars) or time (s) 
spent in the open arms (hatched bars) in rats placed at the centre of a 
plus maze and given a 5-min test 45 min after drug treatments. 
***p<0.001, Students t-test, compared with control. ****p<0.001, 
Students t-test, compared with control. 

v/v), 1 g/kg (8.6% v/v), and 2 g/kg (17.1% v/v). All solutions 
were prepared immediately before use. Data were analysed ac- 
cording to Student's t-test. 

RESULTS 

Figures 1-2 show the open arm entries and the time spent on 
the open arms, expressed as a percentage of the total entries or 
time. The percentage of open/total arm entries and time spent in 
the arms was taken as the measure of anxiety in the elevated 
plus maze test; the higher the score was the lower the anxiety 
(13,24). As seen in Fig. 1, ethanol (0.5, 1.0 and 2.0 g/kg) 
dose-dependently increased both percentages of open/total arm 
entries, and Bay K 8644 did not affect any parameter (Fig. 1). 

Pretreatment with Bay K significantly increased anxiolytic 
effects of ethanol at all doses studied, while nifedipine pretreat- 
ment caused no effect (Fig. 2). 

DISCUSSION 

In the present study, ethanol produced an anxiolytic effect in 
a dose-dependent manner. Bay K 8644, a calcium channel ago- 
nist of the dihydropiridine (DHP) class, potentiated the anxi- 
olytic effect of ethanol but did not alter anxiety when used 
alone. On the other hand, nifedipine, a DHP calcium channel 
antagonist, showed an anxiolytic property but failed to modify 
ethanol-induced anxiolytic effects. 

In the recent years, studies on the interaction between etha- 
nol and DHP calcium channel antagonists have been accumulat- 
ing. It has been shown that nimodipine potentiates both ethanol- 
induced hypothermia and motor incoordination in mice (16). 
Nifedipine prolongs ethanol-induced sleep time and reduces the 
audiogenic seizure response during withdrawal from chronic eth- 
anol treatment in rats (25). Both studies suggested that ethanol 
may suppress the calcium influx, and the inhibition of VSCCs 
can exaggerate ethanol-induced effects. Engel et al. (11) reported 
that nifedipine completely antagonizes the behavioral stimulation 
produced by ethanol in mice and that the stimulatory effect of 
ethanol may involve an enhancement of calcium-mediated mech- 
anisms. In addition to these findings, in the previous studies 
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FIG. 2. Mean ( ± SEM) percentage of open arm entries (white bars) or 
time (s) spent in the open arms (hatched bars) in rats at the centre of a 
plus maze and given a 5-min test. The animals were pretreated with ei- 
ther Bay K 8644 (B; 0.5 mg/kg), or nifedipine (N; 5 mg/kg), or saline 
and were treated with 0.5, 1 and 2 g/kg doses of ethanol (E) 20 min 
later. The test was performed 45 min after first injections. 

calcium significantly increased ethanol-induced sleeping time 
and behavioral intoxications in mice and rats (12,18). 

In fact, ethanol has been found to have a markedly inhibitory 
effect on VSCCs in several preparations (8, 18, 20). However, 
the molecular basis for the inhibitory effect of ethanol on cal- 
cium currents is unclear. It has been suggested either that struc- 
tural changes in the lipid bilayer surrounding the channels might 
occur or that ethanol may directly affect an "activation gate" 
portion of the channel protein (20). 

Recently, the measurement of intracellular calcium by fluo- 
rescent calcium chelators (i.e., Fura 2) showed that ethanol, in 
relatively high concentrations, does increase resting calcium in 
synaptosomes (7,26). The increase in intracellular calcium is 
due, at least in part, to the release of calcium from intracellular 
stores instead of the mechanism that involves IP 3 (19). Thus 
ethanol-induced inhibition of calcium entry may occur through 
an elevation of intracellular calcium which may in turn inacti- 
vate calcium channels (18). 

Sensitivity to calcium-dependent inactivation has been shown 
to vary between the different channel types in rat sensory neu- 
rons (10), with L channels being more susceptible and T chan- 
nels resistant. However, it is currently unknown which types of 
calcium channels are inhibited by ethanol. DHP calcium channel 
agonists and antagonists are selective for the L type, and 
co-conotoxin prolongs ethanol-induced sleep in a dose-dependent 
manner (18). Thus the possible interaction between ethanol and 
to-conotoxin-sensitive sites should not be excluded. 

An interesting question is whether ethanol inhibits VSCCs by 
elevating intracellular calcium and or by directly acting on the 
channels or surrounding lipids. 

In the case of the former, ethanol, at three different doses 
we used, might enhance intracellular calcium, which in turn 
blocks VSCCs in the permeation pore itself. The pharmacologi- 
cal importance of this action deserves comment. However, pre- 
vious reports suggest that the sedative effects of ethanol and 
pentobarbital are related to decreased neuronal calcium influx 
(14, 15, 17). Thus the inhibition of calcium currents could also 
be responsible for the anxiolytic action of ethanol. Bay K 8644, 
while unable to enhance calcium in the appropriate microenvi- 
ronment by itself, in this case could add to the average increase 
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in calcium concentrations produced by ethanol and thus potenti- 
ate the anxiolytic effect of ethanol. Possibly, the anxiolytic 
threshold of calcium entry blockage was reached to the ceiling 
level by nifedipine alone; then secondary treatment with ethanol 
might not enhance it further. 

On the other hand, there is some evidence that, in a variety 
of brain regions, ethanol can suppress the excitatory effects of 
glutamate (8). The calcium channels activated by the NMDA re- 
ceptor, a subtype of glutamate receptors, are highly sensitive to 
ethanol. Ethanol produces a concentration-dependent inhibition 
of NMDA-stimulated calcium entry (9). This mechanism may 
contribute to the anxiolytic action of ethanol, since N M D A  ago- 

nists reduced sleep time, whereas antagonists increase it in 
mice (30). 

In conclusion, although the present data may indicate at least 
a partial involvement of neuronal calcium channels in the anxi- 
olytic action of ethanol, further research will be required to clar- 
ify the underlying mechanism. 
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