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The effects of ethanol dependence on drug responsiveness of
mouse isolated vas deferens

SERGIO DE MORAES*, FRaNcCISco Ruy Capaz, Department of Pharmacology, Instituto de Ciéncias Biomédicas, University of

Sao Paulo, CEP, Brasil

The effects of ethanol dependence on the responsiveness of
the mouse vas deferens to noradrenaline (NA), carbachol,
barium and calcium were studied. Ethanol dependence
increases the maximum responses to NA and carbachol
whereas responsiveness to barium remains unaitered. The
concentration-effect curve to calcium was shifted to the left
(3-0-fold at the ECSO0 level). It is concluded that in vas
deferens isolated from ethanol-dependent mice the
increased responsiveness to NA, carbachol and calcium is a
consequence of an enhanced calcium entry through
voltage-independent calcium channels, as it has been
reported for brain tissue.

It has been proposed that ethanol dependence could
involve adaptive alterations of neuronal membrane
structure and physiological properties (Chin & Gold-
stein 1977a; Johnson et al 1979). The work presented
here was an attempt to examine the drug responsiveness
of vasa deferentia isolated from ethanol dependent
mice. We reasoned that if ethanol increases calcium
permeability, as a consequence of its action on the
smooth muscle cell membranes, then a long-term
administration of ethanol should enhance the respon-
siveness of the mouse vas deferens to drug stimulation.

Method

Swiss-Webster mice, 30 to 40 g, at the beginning of the
experiments, were housed in groups of ten, in a
well-ventilated room, kept at 22-24°C and under a
reversed 12-h light/dark cycle (light on at 12.00 noon).
Dependence on ethanol was produced according to
Goldstein (1972). Briefly, groups of 10 mice were
transferred to a glass chamber (52 X 34 x 27 cm), with
food and water freely available. An infusion pump
delivered ethanol, at a rate of 30 mg min—!, onto a filter
paper wick in a flask. A continuously variable respirator
pump delivered air through the flask into the chamber at

* Correspondence.

arate giving a nominal ethanol flow of 30 mg min-!. At
the start of the experiments all mice received a priming
dose of ethanol (1-25 g kg~! i.p.) and thereafter were
exposed to ethanol vapour over five days. To all mice,
including the control group, a daily injection of the
alcohol-dehydrogenase inhibitor, pyrazole (1-0 mmol
kg~!i.p.) was given at 10.00 am. Groups of 10 control
mice were also placed in the glass chamber over five
days, with only air flowing through it. After five days of
ethanol exposure the infusion pump was stopped and air
allowed to flow through the chamber. Ethanol with-
drawal was assessed using the single signal called
‘convulsion on handling’ and quantitatively evaluated
using a previously reported scoring system of 1 to 4
(Goldstein 1972). Over 80% of the mice exposed to

Table 1. The effect of ethanol dependence on sensitivity
and maximum response of the vas deferens of the mouse to
noradrenaline, carbachol, barium and calcium.

Maximum
EC50 X 10-°M Ratio of response
hi (95% C.L.)* ECS0's¢ (£s.e)d
Noradrenaline
Control 6 16-8(12-1-23-2) — 1074-8(115-9)
Ethanol 6  15-4(10-9-21-9) 1-09 1447-3 (113-7)*
Carbachol
Control 10 5.2(3-2-7-1) — 873-9(49-8)
Ethanol 10 2-8(0-8-4:7) 1-85 1106-4 (74-3)*
EC50 % 10-3M
Barium
Control 6 32 1~6—5~6; — 1382-3(74-7
Ethanol 6 2:2(1-5-33 1-45 1344-2(95-2
Calcium
Control 8 14-5(8-2-25-8) — 538-3(83-2)
Ethanol 8 4-8(2:5~9-3)* 30 542-8(60-4)

2 Numnber of experiments.

® Geometric mean with 95% Confidence Intervals.
¢ EC50 control/ECS50 ethanol.

4 Mg of tension/10 mg of wet weight of tissue.

* Significantly different from control (P < 0-01).
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Fig. 1. Mean concentration-effect curves for calcium
obtained in vasa deferentia isolated from control (O) and
ethanol-dependent (@) mice. Vertical bars indicated s.e.
and each point is the mean of 8 experiments.

ethanol vapour reached score 3, 10 h after withdrawal,
confirming the development of dependence on ethanol.

Mice were killed by a blow on the head and both vasa
deferentia, from the epididymis to the seminal vesicle,
were quickly dissected and the surrounding connective
tissue removed. Tissues were set up for isometric
recording in 10 ml organ-baths containing (mm): NaCl,
130:0; KCl, 5:6; CaCl,, 2-1; NaHCO;, 25-0; glucose,
11-0sacharose, 13-1 and ascorbic acid 0-11. The bathing
solution was kept at 36-5°C and continuously gassed
with 95% 0,-5% CO,. A resting tension of 0-25 g was
applied to the tissues and after 1h of equilibration
period (the bathing medium being changed every
15 min), full concentration-effect curves to noradrena-
line (NA), carbachol or barium were obtained by
stepwise increases in the agonist concentration, each
concentration being washed out before the next higher
concentration was added. To prevent carbachol-
induced release of endogenous NA (Lindamood et al
1978), concentration-effect curves to the cholinergic
agent were obtained in the presence of 1-0 um phentol-
amine. Cumulative concentration-effect curves to Ca?+
were obtained in vasa deferentia depolarized in a
KClI-Ringer solution of the following composition (mm):
KCl, 164-2; KHCOs, 3-5 and glucose, 5-4, gassed with
95% 05,-5% CO,, pH, 7-2. The ECS0 values (the
agonist molar concentration producing an effect which
is 50% of maximum response) were determined and
mean EC50’s presented as geometric means with 95%
confidence intervals (Fleming et al 1972). At the end of
the organ-bath experiments all vasa deferentia were

weighed and the protein content determined (Lowry et
al 1951). Statistical difference between two means was
determined using Student’s ¢-test for unpaired samples.

Results

During exposure to ethanol vapour, mice Wwere
depressed, ataxic, tremulous and fell asleep in abnormal
postures, However, they did not lose weight signifi-
cantly during ethanol exposure or treatment with
pyrazole (control group: 33-1 + 0-9 g, at the beginning
of the experiments and 34-2 + 0-8 g, after five days of
pyrazol treatment; P > 0-05 and ethanol-exposed
group: 355 * 1-3g, at the beginning of ethanol
exposure and 34-6 * 1-0g, after five days of ethanol
inhalation; P > 0-05). The wet weight of vasa deferentia
isolated from control and ethanol-dependent mice also
did not differ statistically (control group: 10-3 + 0-4 mg
and ethanol-exposed group: 9-5 + 0-5mg; P > 0-05).
The protein contents of vasa deferentia isolated from
control and ethanol-dependent mice were 0-180 +
0-060 mg of protein mg~! of wet weight of tissue and
0-186 + 0-009 mg of protein mg~! of wet weight of
tissue, respectively, P > 0-05).

Table 1 shows the effects of ethanol dependence
on the responsiveness of the mouse isolated vas
deferens to NA, carbachol, barium and calcium. There
was a significant augmentation of the maximum re-
sponse (P < 0-01) without a significant alteration of the
sensitivity to NA and carbachol, measured at the EC50
level (P > 0-05), whilst responsiveness to barium
remained unaffected (P > 0-05). However, ethanol
dependence induced a parallel shift to the left of the
concentration-effect curve to calcium (3-0-fold, at the
EC50 level, P < 0-01). This effect of ethanol de-
pendence is depicted in Fig. 1.

Discussion

It is generally accepted that tension generation in
smooth muscle is brought about by a rise in the
concentration of internal ionized calcium. Two other
stores could be sources of ionized calcium. One is the
extracellular compartment and the other is loosely
bound to the cell membrane (Chang & Triggle 1973;
Bolton 1979). Our results show that ethanol depen-
dence increased the maximum response to NA and
carbachol and shifted the concentration-effect curve to
calcium to the left. Therefore, it seems plausible to
assume that an increased calcium entry or a decreased
sequestration of calcium into subcellular components
could, mechanistically, explain ethanol dependence-
induced increase in drug responsiveness of the vas
deferens. Submaximal concentrations of agonists, such
as NA and carbachol, probably occupy their own
receptors thereby generating action potentials which in
turn increase the concentration of internal ionized
calcium through the activation of voltage-dependent
calcium channels. However, the maximum response of
several smooth muscles to NA or carbachol can still be
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produced in high-potassium solutions, suggesting that
the maximum response is independent of the activation
of voltage-dependent calcium channels (Edman &
Schild 1962; Jenkinson & Norton 1967; Freeman &
Daniel 1973; Biilbring & Szurszewski 1974; De Moraes
1976). Recently, it has been reported that in brain slices
taken from rats made tolerant to ethanol, the release of
[*H]dopamine was increased by a mechanism involving
enhanced sensitivity of the nerve terminal to calcium
entry (Linch & Littleton 1983). The present report
strongly suggests that in the vas deferens isolated from
ethanol-dependent mice the enhanced responsiveness
to calcium and to drug stimulation is a consequence of
an increased entry of calcium through voltage-
independent calcium channels since only the maximum
responses to NA and carbachol were enhanced and the
responsiveness to calcium was assessed in a high-
potassium solution. However, the responsiveness of the
vas deferens to barium was unaltered. Probably, the
contracting effect of this ion is independent of cellular
calcium stores (Jurkiewicz et al 1975) and/or barium
enters smooth muscle cells using mechanism(s) unaffec-
ted by induction of ethanol dependence. Another
possible mechanism for ethanol dependence-induced
increase in drug responsiveness of the vas deferens is
that ethanol consistently depresses serum testosterone
levels in male of every species thus far examined (Cicero
1981) which in turn could alter the mass of the vas
deferens. Itis also well known that a prolonged decrease
in testosterone levels enhances the contractility of the
vas deferens. However, the present results showed that
neither the wet weights or the protein contents of vasa
deferentia isolated from control and ethanol-dependent
mice differed, apparently ruling out any testosterone-
mediated effect of ethanol on the responsiveness of the
vas deferens to NA, carbachol and calcium.

It has been reported that prolonged administration of
ethanol to mice decreases the viscosity of neuronal
membranes (Chin & Goldstein 1977a) and produces
changes in protein conformation (Chin & Goldstein
1977b; Johnson et al 1979) and lipid composition (Chin
et al 1978; Littleton et al 1979). Probably, the increased
entry of calcium in smooth muscle cells of the vas
deferens isolated from ethanol dependent mice could be
a consequence of a structural alteration of the cell
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membrane, as it has been reported for brain tissues.
However, the present report, which apparently is the
first observation of a relationship between ethanol.
dependence and increased responsiveness to drug
stimulation in a peripheral tissue, is not extensive
enough to shed light on the molecular mechanism(s) of
ethanol dependence. Nevertheless, the mouse isolated
vas deferens could be a relatively simple and adequate
experimental model to study some aspects of the
cellular basis of ethanol dependence.
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