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Development of tolerance to the inhibitory effects of
ethanol in the rat isolated vas deferens: effect of acute
and chronic ethanol administration in vivo
Kathryn H. DeTurck & Larissa A. Pohoreckyl
Center ofAlcohol Studies, Rutgers University, Piscataway, New Jersey 08854, U.S.A.

I Contractions of the rat vas deferens elicited by the addition of noradrenaline (NA), K+-
depolarizing solutions or by electrical stimulation were recorded before and after incubation with
ethanol 181 mM.
2 In tissues from untreated rats, the contractions were inhibited 40-50% by such exposure.

3 Injection of ethanol (2gkg-') significantly attenuated ethanol's reduction of peak tension
generated by the lowest concentration of NA (10-4mM).
4 Chronic administration of ethanol, 18-14gkg-' daily for two weeks, resulted in significant
tolerance to ethanol. Tissues of treated animals demonstrated ethanol-induced decreases of roughly
one-half those of the maltose dextrin (isocaloric) and water (fluid control) groups.

5 This tolerance persisted for at least 48 h after ethanol treatment had been terminated.
6 Overall, the data suggest that ethanol acts both pre- and postsynaptically to produce acute
inhibition of smooth muscle contractions or tolerance to these actions upon chronic exposure.

Introduction

It has long been recognized that chronic exposure to
ethanol is accompanied by an increased resistance to
its intoxicating effects on the nervous system. Studies,
both in man and experimental animals, have shown
that tolerance can be induced fairly rapidly by
appropriate doses of ethanol. Dillon et al. (1983)
found no tolerance to the inhibitory in vitro effects of
ethanol on contractions of vas deferens despite the
presence of functional CNS tolerance (hypnosis and
hypothermia) in mice treated with ethanol for 4 days.
Tolerance to the inhibitory effects of ethanol in vitro
on electrically-evoked contractions of the isolated,
ileal longitudinal muscle/myenteric-plexus prepara-
tion has been reported by Mayer et al. (1980a,b) after 2
to 4 weeks ofethanol administration to guinea-pigs. It
has also been found that vascular smooth muscle from
rats dosed for 2 to 6 weeks became progressively
tolerant to the inhibitory effect ofethanol on spontan-
eous contractions and on agonist and K+-induced
responses (Altura et al., 1980).

Studies in vitro have shown that ethanol produces a
dose-dependent reduction in the force of contraction
of noradrenaline (NA)- and electrically-stimulated
mouse vas deferens (Blum et al., 1980a,b,c). However,
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the mechanism of this acute ethanol effect at the
synaptic level is not clear. High ethanol concentrations
(0.2 mM) reduce neuronal NA uptake and stimulate
NA release from brain slices (Israel et al., 1973; Roach
et al., 1973; Carmichael & Israel, 1975). In addition, an
increase in spontaneous NA release from the rat vas
deferens has more recently been reported by Degani et
al. (1979) at lower (0.065 mM) ethanol concentrations.
Since increased spontaneous exocytosis is thought to
be due to an increased fluidization of the neuronal
membrane (Seeman, 1972), ethanol may exert a non-
specific effect on presynaptic and vesicular mem-
branes of noradrenergic neurones. It has also been
postulated, however, that postsynaptic events, such as
an interference with Ca2" mobility, may be involved in
the attenuation of smooth muscle responses by eth-
anol (Clement, 1980; Altura & Altura, 1983).
The rat vas deferens preparation used in the present

study receives a dense noradrenergic innervation.
Each field impulse applied at low frequencies produces
a discrete twitch response (Ambache et al., 1972) and
the cumulative addition of submaximal concentra-
tions ofNA evokes consistent step-wise increments in
tension. Furthermore, contractile responses to high
K+ concentrations have been shown to involve
presynaptic stimulation as well as a direct action
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postsynaptically (Shimodan & Sunamo, 1981). K+
levels of 45 mM or less produce a gradual depolariza-
tion which results in a dose-dependent submaximal
contraction, whereas concentrations greater than
50mM cause a biphasic contraction (Syson & Hud-
dart, 1973). With the selection of the various methods
of both pre- and postsynaptic stimulation, the rat
isolated vas deferens provides a useful experimental
model to study the cellular and pharmacological
mechanisms of the inhibitory action ofethanol in vitro
and the in vivo production of tolerance to this effect.
The present paper is concerned with the effects of in

vitro and in vivo ethanol administration on the con-
tractions elicited in rat vas deferens by the addition of
NA or K+ or by electrical stimulation.

Methods

Animals and tissue preparation

Male Sprague-Dawley rats (Charles River Co.) weigh-
ing 200-300g were housed individually in stainless
steel hanging cages within a temperature controlled
vivarium for one week before they were killed or
underwent gastric catheterization surgery. All rats
were maintained on a 12 h dark: 12 h light cycle (lights
off from 09 h 00 min-21 h 00 min) with water and lab
chow available ad libitum. After surgery, rats were
kept in individual plexiglass cages and their gastric
catheters were connected via liquid swivels to a
peristaltic infusion pump for the administration of
ethanol, maltose or water. Animals were decapitated
(between 10 h 00 min and 11 h 00 min) and the entire
length of vas deferens from the epididymis to the
seminal vesicles was quickly dissected and washed in
cold, modified Krebs-Ringer soluion of the following
composition (mM): NaCl 118, KCI 4.7, MgSO4 1.0,
KH2PO4 1.2, CaCI2 2.1, NaHCO3 25, and glucose 10.0.

After the seminal contents were gently flushed out
of the lumen, each tissue was suspended in an isolated
organ bath of 25 ml capacity containing Krebs solu-
tion at 37°C and gassed with 95% 02: 5% CO2. The
preparations were equilibrated for 2 h under 1.0 g
resting tension with a solution change every
15-20 min. Contractions were subsequently elicited at
30min intervals. Isometric longitudinal tension was
recorded on a Grass Model 7A polygraph by means of
Grass force-displacement transducers. A Datel Intersil
integrator (DPP-Q7) was used to measure peak
heights of the contractions.
For the construction of dose-response curves the

peak tension development after each dose was regar-
ded as the full response. Concentration-effect curves
were constructed by cumulative NA administration
(10-4 to 10-1 mM). NA bitartrate (Sigma) was dis-
solved in Krebs containing ascorbic acid 1 mM

(Fisher) as an antioxidant. The high potassium in the
medium for some experiments was achieved by replac-
ing the bathing solution with high K+-Krebs solution.
K+-Krebs solution (45 or 100 mM) was made in
advance by mixing an appropriate volume of the
normal K+-Krebs solution. K+-Krebs solution was
made by replacing NaCl in the normal solution with
equimolar KC 1. Total exposure time of tissues was for
5 min. Lastly, maximal muscular contractions were
elicited for 5 min by transmural stimulation via
platinum ring electrodes with single supramaximal
(80 V) pulses of 0.5 ms duration. All concentrations
cited in the text represent final bath concentrations
(mM) calculated for each compound.

Ethanol treatment in vitro

An initial group of tissues was exposed to increasing
concentrations of ethanol to determine the IC50 for
ethanol on NA-induced contractions (i.e., the ethanol
concentration that produces approximately a 50%
reduction in peak tension generated by NA adminis-
tration). After collecting the initial dose-response data
for NA-induced contractions, these preparations were
challenged with graded concentrations of ethanol in
buffer, separated by drug-free washouts to restore the
original baseline response before each new ethanol
exposure. The remaining preparations were first
stimulated under control conditions, then exposed to
ethanol 181 mM in Krebs and retested 15 min later.

Ethanol treatment in vivo

Acute: rats were injected i.p. with ethanol 2.0 g kg-'
(20% w/v) or saline 30 min before decapitation. Blood
ethanol levels (BEL) at time of death were approx-
imately 185mg%.

Chronic: ethanol-dependence was induced by treating
rats chronically with ethanol for a period of two
weeks. Ethanol was administered in equal doses 4
times daily via surgically implanted, polyethylene
gastric catheters. A total daily dose of 8 g kg-' ethanol
was given initially and thereafter the dose was in-
creased 1 g kg-' every two days. By the end of the two
weeks, rats were receiving a total daily dose of
14 g kg- I ethanol. Control rats received either
isocaloric maltose dextrin (Dyets), or water, as con-
trols for the volume of liquid, instead of ethanol.
During the treatment period individual weight gains
(means ± s.e.mean) were 38.2 ± 1Og for the ethanol-
treated animals, 42.4 ± 12 g for maltose-treated rats,
and 45 ± 13 g for the water group. There were no
fatalities. Ethanol and control treatments were then
discontinued, and the rats were sampled over a 3 to
48 h withdrawal period. During the withdrawal period
the three treatment groups showed virtually identical
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weight gains. Ethanol-treated subjects killed 3 h after
the last dose of ethanol (dependent) exhibited be-
havioural signs ofintoxication and demonstrated BEL
in excess of 230 ± 25 mg %. Obvious signs of with-
drawal were evident 12-18 h post treatment in the
ethanol group, justifying use of the term dependent
(Pohorecky, 1974).

Ethanol content of mixed arteriovenous, trunk
blood was assayed by gas-liquid chromatography
(Redmond & Cohen, 1972; Pohorecky & Brick, 1982).

Calculations and statistical analyses

Tissue responses were measured as the peak tension
developed above baseline and were expressed in g of
tension or as a percentage depression from the initial
(reference) contraction induced by each particular
stimulus. All results are expressed as means
± s.e.mean. Differences were compared employing a
two-tailed Student's t test for paired or unpaired data,
and were considered significant ifP was less than 0.05.

Results

Untreated animals

Cumulative NA application in vitro resulted in in-
creasing tension development in the smooth muscle of
the rat vas deferens (Figure 1). Exposure to ethanol
alone had no effect on resting tissue tension but NA-
induced responses were both smaller and demon-
strated lower maximal response after the 15 min
incubation period. Ethanol inhibited the muscular
twitch induced by all concentrations ofNA in a dose-
dependent manner, with an IC50 equal to 181 mM. The
ED50 for NA was 2.8 x l0-3mM, 2.5 x 10-3mM,
1.8 x 10-3mM and 0.9 x 10-3mM in the presence of
0, 90, 181 and 362mM ethanol in the tissue bath. The
highest concentration of ethanol almost completely
inhibited contractions. Regardless of the applied
stimulus, washing ofthe tissue completely reversed the
inhibitory actions of ethanol in vitro.

Acute ethanol treatment

Acute ethanol administration in vivo had little effect
on its inhibition in vitro of the NA-stimulated vas
deferens (Table 1). Baseline tension and responses to
NA alone were no altered. In comparison to the 58%
depression produced by added ethanol in tissues from
saline injected rats, tissues from rats given a single i.p.
injection of 2.0 g kg-' ethanol 30 min before they were
killed showed significantly reduced ethanol attenua-
tion of the peak tension generated in the preparation
by the lowest concentration of NA (1.4 x 104 mM).
Responses evoked by subsequent NA additions also
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Figure 1 Noradrenaline (NA)-induced contractions of
the rat vas deferens in presence of ethanol. NA
(0.14-60 x 10 3mM) was added cumulatively to tissues
incubated in the absence ofethanol (0) or in the presence
of90mM (A), 181 mm (0) or 362mM (0) ethanol. Data
are presented as mean tension in g for groups of6 tissues;
s.e.mean shown by vertical lines. *P< 0.05 or less
compared to tissues incubated in the absence of ethanol.
**P< 0.001 or less compared to tissues incubated in the
absence of ethanol.

tended to be greater, though not significantly so in
tissues of the acutely intoxicated animals.

In tissues stimulated electrically or with KC1, the in
vitro inhibitory effects of ethanol were comparable to
those seen in tissues from rats treated acutely with
ethanol and the two control groups (saline injected
and uninjected rats) (Table 2). The overall depressant
effect of ethanol ranged from 36 to 54%. The depres-
sant effect tended to be larger in preparations
stimulated with 100mM KC1 than with 45mM KC1.

Chronic ethanol treatment

The chronic administration of ethanol to rats (8 to
14 g kg-1 daily for 14 days) altered the sensitivity of
the vas deferens to various forms of stimulation.
Tissues from ethanol-treated rats were less sensitive to
NA stimulation (Figure 2). The ED,0 for NA was
1.8 x 10-3M in tissues from ethanol-treated rats versus
2.8 x 10-3M from tissues from dextrin maltose-treated
controls. The ED50 of the ethanol-treated rats did not
differ from that of rats receiving water infusions
(1.5 X 10-3 mM). However, these two tissues differed
with respect to maximal tension developed with the
highest concentration of NA. Maximal contractions
were higher in tissues from ethanol-treated animals
than those produced by tissues from either dextrin
maltose or water infused animals, the latter two being
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Table 1 Inhibitory effect of in vitro added ethanol on contractions of rat vas deferens induced by noradrenaline (NA)

In vivo treatment

Saline
Ethanol 2 g kg-'
Water
Dextrin maltose
Chronic ethanol 3 h
Chronic ethanol 12 h
Chronic ethanol 24 h
Chronic ethanol 36 h
Chronic ethanol 48 h

0.14
Concentration NA (10-3 mM)

0.3 1.0 2.0 3.0

58.3 ± 3.5 49.5 ± 4.0 40.0 ± 2.9 33.1 ± 2.5
42.1 ± 2.2* 43.3 ± 2.9 35.5 ± 2.7 30.1 ± 2.0
49.9 ± 3.5 42.0 ± 3.9 41.1 ± 3.0 37.5 ± 2.8
55.5 ± 4.9 54.4 ± 5.2 48.5 ± 4.0 45.3 ± 3.9
18.0 ± 0.9* 17.5 ± 0.5* 17.3 ± 0.9* 16.5 ± 0.6*
42.3 ± 3.5 50.0 ± 4.0 44.4 ± 3.7 46.5 ± 3.2
20.0 ± 1.4* 20.4 ± 1.3* 26.8 ± 1.8* 23.3 ± 1.2*
10.3 ± 0.8* 16.2 ± 1.* 10.0± 0.7* 10.4 ± 0.7*
25.3 ± 2.0* 22.6 ± 1.8* 20.4 ± 1.5* 20.3 ± 1.7*

10.0 30.0 60.0

29.3 ± 2.0 32.7 ± 2.8 36.0 ± 3.0 41.0 ± 3.3
25.0 ± 1.5 27.5 ± 1.5 32.7 ± 1.9 38.6 ± 2.2
40.2 ± 3.7 45.7 ± 3.2 51.6 ± 4.2 58.5 ± 4.3
40.3±3.5 44.2±3.1 54.7±4.1 65.0±5.0

'15.0 ± 0.8* 25.0 ± 1.3* 20.0 ± 1.5* 25.5 ± 1.8*
37.3 ± 2.5 42.2 ± 2.3 47.7 ± 2.5 54.0 ± 4.0

'31.1 ± 2.1* 33.0 ± 2.2* 42.4 ± 2.5* 52.7 ± 3.0*
'18.3 ± 1.5* 22.1 ± 1.1* 30.2+ 1.9* 27.5+ 1.9*
'18.1 ± 1.2* 9.5 ± 0.5* 8.7 ± 0.5* 18.3 ± 0.7*

Contractions in response to cumulative additions ofNA were measured in tissues incubated in the presence or absence
of 181 mm ethanol. Tissues were obtained from animals 30 min after an injection with either saline or 2 g kg-' of
ethanol, i.p., or from rats treated chronically with ethanol (8-14 g kg-' daily, for 14 days), equicaloric dextrin maltose
or water. In addition tissues from rats treated chronically with ethanol were also used 12, 24, 36 or 48 h after their last
dose ofethanol. Results are expressed as the mean (± s.e.mean) % depression ofthe response in the presence ofethanol
compared to the response of tissues incubated in its absence. Each mean represents at least 6 tissues.
*P<0.05 or less compared to corresponding control group (saline, water or dextrin maltose).

Table 2 Inhibitory effect of in vitro ethanol on vas deferens contractions induced by high potassium and electrical
stimulation

In vivo treatment

Untreated
Saline
Ethanol, 2 g kg-'
Water
Dextrin maltose
Chronic ethanol - 3 h
Water
Dextrin maltose
Chronic ethanol - 12 h
Water
Dextrin maltose
Chronic ethanol - 24 h
Water
Dextrin maltose
Chronic ethanol - 36 h
Water
Dextrin maltose
Chronic ethanol - 48 h

% depression ofcontractions with ethanol in
vitro

KCI Electrical
45mM 100mM

40.0 3.5
43.2 ± 2.9
36.0 ± 2.5
44.1 3.5
44.5 ± 3.3
38.2 ± 2.1
47.5 ± 3.0
51.2 4.5
42.3 3.1
50.3 4.3
48.7 4.4
33.8 ± 2.9*
42.3 + 3.3
45.2 3.7
28.5 1.9*
44.0±4.0
43.5 ± 3.5
30.4 ± 3.1*

48.0 ± 3.7
54.0 4.1
51.0 ± 3.9
56.3 4.5
50.0 ± 4.2
32.1 ± 2.2*
49.0 3.1
47.3 ± 2.8
37.7 ± 2.1
57.3 ± 3.5
61.1 4.0
43.5 ± 3.9*
50.6 3.9
53.7 4.2
32.3 ± 3.5*
54.7 4.3
53.2 4.4
34.3 ± 3.0*

45.1 2.9
50.0 3.5
42.3 3.1
50.0 4.3
52.1 4.0
27.0 1.9*
52.3 4.0
52.8 4.3
55.9 ± 4.4
50.1 4.3
49.9 3.5
34.0 ± 3.0*
50.0 3.7
51.2 4.2
32.2 3.5*
50.5 3.9
50.2 4.3
33.4 ± 3.7*

Muscular contractions were measured in response to 45 or 100mM KCI or to brief transmural electrical pulses in
tissues incubated in the presence or absence of 181 mM ethanol. Tissues were obtained from animals 30min after an
injection with either saline or 2 g kg- ' ofethanol i.p., or from rats treated chronically with ethanol (8-14 g kg- ' daily
for 14 days), equicaloric dextrin maltose or water. Groups of rats chronically ethanol-treated were also killed 12,24, 36
or 48 h after their last dose ofethanol. Results are expressed as the mean (± s.e.mean) % depression ofthe response in
the presence of ethanol compared to the response of tissues incubated in its absence. Each point is the mean of 6
determinations.
*P<0.05 or less compared to corresponding control group (saline, water or dextrin maltose).
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Figure 2 Noradrenaline (NA)-induced contractions in
rat vas deferens tissues obtained from rats chronically
treated with ethanol (0), dextrin maltose (A) or water
(0). Tissues of chronic control (water- or dextrin mal-
tose-treated animals) and chronic ethanol (8-14gkg-'
daily for 14 days)-treated animals were stimulated by the
cumulative addition of NA (0.14-60 x 10-3 mM). Re-
sults are presented as the mean tension in g for groups of6
tissues; s.e.mean shown by vertical lines. *P< 0.05 or less
compared to tissues from maltose-treated rats.

comparable. Tissues from ethanol-treated animals
were completely tolerant to the depressant effects of
ethanol added in vitro on NA-induced contractions
(Table 1). In tissues from water- and maltose-treated
animals the addition of 181 mM ethanol to the incuba-
tion medium produced on average a 45.5% and 50.6%
inhibition of NA-induced contractions respectively.
By contrast, in ethanol-treated animals, ethanol-
induced inhibition was only about 19%. The observed
differences between groups in contractile response in
the presence of in vitro ethanol was greatest at the
relatively low and high concentrations of NA. Thus
chronic treatment with ethanol resulted in significant
tolerance to the inhibitory effect of this drug on the
muscular contractions elicited by NA.

However, there was little tolerance to the inhibitory
effect of in vitro ethanol- on KC1-stimulated contrac-
tions (Table 2). The average depressant effect of
ethanol on contractions induced with 45 and 100mM
KCl in control tissues was 44% and 53% respectively.
Furthermore the inhibitory effect of in vitro ethanol on
tissues from chronically treated rats was similar; i.e.,
38% in media containing 45mM KC1. But some
tolerance to ethanol was evident in tissues stimulated
with 100mM KCI. Statistically significant tolerance
was observed in tissues stimulated transmurally. The
depressant effect ofethanol in these tissues in vitro was
only 27% compared to the 51% inhibition shown in

tissues from either the dextrin-maltose or water-in-
fused control animals. That is tissues from ethanol-
treated rats showed significant tolerance.
Changes in sensitivity to the three forms of stimula-

tion ofthe vas deferens, and to the inhibitory effects of
ethanol in vitro, were also examined at various times
after termination of ethanol treatment; i.e., during
withdrawal (Tables 1 and 2). At the earliest time
tested, that is 12h after the last administration of
ethanol, the sensitivity to the in vitro effects of ethanol
in vas deferens preparations stimulated by NA was
similar to that of the two control tissues. By contrast,
at all subsequent times tested tissues were again
relatively tolerant to the in vitro addition of ethanol.
Similarly tissues stimulated with KCl were not
tolerant to ethanol at the 12h period but showed
statistically significant tolerance to ethanol at the later
times. The greatest tolerance was seen with the 36 h
group and this pattern of response was also seen in
tissues stimulated electrically.

Discussion

The results clearly demonstrate that ethanol produces
a reversible dose-dependent attenuation of smooth
muscle contractions in the rat vas deferens prepara-
tion. Exposure to 181 mm ethanol, which had no effect
on resting tension in the tissue, caused a significant
reduction of the peak tension generated in response to
NA, K+ and electrical stimulation of the vas. Sen-
sitivity of tissues to NA was increased in the presence
of ethanol. The addition of NA initiates contraction
presumably via its interaction with the a-adrenoceptor
on the muscle membrane. Electrical stimulation, on
the other hand, operates presynaptically by depolariz-
ing the neuronal membrane. Finally, K+-induced
responses involve presynaptic depolarization in addi-
tion to direct postsynaptic activation. The present
results indicate a comparable effect of 181 mM ethanol
on responses to all three methods of stimulation. It
therefore appears that moderate concentrations of
ethanol act to a similar extent both pre- and postsyn-
aptically to inhibit contractions ofthe rat vas deferens.

Consistent with previous work (Altura et al., 1980;
Mayer et al., 1980a,b; Dillon et al., 1983), the present
findings also show that ethanol treatment in vivo can
decrease its inhibitory actions in vitro. Acute in vivo
treatment with ethanol did not alter sensitivity to in
vitro ethanol, except at the lowest concentration of
NA. After chronic ethanol administration, responses
of the vas to all the stimulants tested were significantly
greater in the presence ofethanol than those ofcontrol
preparations. Since tolerance is defined as a reduced
effectiveness that develops after repeated exposure
(Tabakoff, 1977), a state of tolerance to the depressant
actions of ethanol is, therefore, clearly demonstrated
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in the vas deferens following chronic administration to
rats. Furthermore, as NA-induced contractions
appeared to be less attenuated by ethanol after only
one in vivo exposure while K+ - and electrically-evoked
responses remained inhibited, tolerance might first
develop at the postjunctional level. This is also
supported by the observation that the evidence of
tolerance to ethanol was least in tissues stimulated
with KC1.
A process might begin postsynaptically, during

ethanol administration, which renders the a-adren-
oceptor more susceptible to activation by neurotrans-
mitter and/or increases the amount of intracellular
Ca2" available for contraction. This process might
also help to explain the ethanol dependence-induced
increase in tissue responsiveness to NA alone that we
observed (Figure 2). Similarly using the mouse
isolated vas deferens, DeMoraes & Capaz (1984)
reported that ethanol dependence increased the max-
imum response to carbachol as well as NA. Further-
more, responsiveness to Ca2+ was also enhanced,
shifting the concentration-effect curve to the left 3 fold
at the EC50 level, although tissue responses to barium
remained unaltered. The authors proposed that eth-
anol-dependence involved an increased sensitivity of
the muscle to these agents as a result of an enhanced
movement of Ca2+ across the neuronal membrane
(DeMoraes & Capaz, 1984).
Another addictive drug, morphine, has similar

effects to those of ethanol. In vitro it inhibits
stimulated contractions of vas deferens preparations
(Marshal et al., 1981). With chronic treatment,
tolerance develops to its inhibitory effects, and as we
observed with ethanol, there was supersensitivity to
NA (Marti, 1982; Contreras et al., 1982). Furthermore
local application ofchlorpromazine to the hypogastric
nerve in vivo produced results similar to those we
observed with ethanol, i.e., there was supersensitivity
to NA-induced contractions as well as an increase in
maximal responsiveness (Goto, 1983). These effects
were postulated to result from the membrane stabiliz-
ing effects of this drug or because of an inhibitory
effect on the presynaptic intraneuronal calmodulin
(Goto, 1983). Despite these similarities in sensitivity to
NA of tissues from various drug-treated animals,
differences have also been noted. For example, Saban

et al. (1982) found a marked hypersensitivity to NA in
vas preparations from animals chronically treated
with barbitone during withdrawal from the drug.
The changes in sensitivity to ethanol observed in the

vas deferens preparation in chronically treated
animals during withdrawal is interesting. We have no
explanation for the observed loss of tolerance to
ethanol at the 12 h point. Subsequently tissues show
tolerance to ethanol which persisted up to 48 h after
the last treatment. Thus the tolerance to ethanol in
vitro persists for at least 2 days after the last exposure
to ethanol. This indicates that the structural and/or
functional tissue changes induced by chronic treat-
ment with ethanol persist a long time after disap-
pearance of ethanol from the system. The disap-
pearance to tolerance at 12 h may be due to hormonal,
ionic or other disturbances occurring during the acute
stages ofwithdrawal. Corticosterone levels are known
to increase during the early part of withdrawal
(Pohorecky, 1974), for example and adrenal cortical
hormones play a role in the modulation of noradren-
oceptors in the vas deferens (Maeda et al., 1983).
Furthermore changes in Na+/K'ATPase activity
known to occur during withdrawal (Rangaraj &
Kalant, 1978) may play a part in the temporary change
in sensitivity of the vas deferens during withdrawal.
Changes in vas deferens sensitivity occurring as a
result of denervation of the organ are primarily the
result of changes in Na'/K'ATPase activity (Gerth-
offer et al., 1979).

In summary, in vitro ethanol inhibits smooth muscle
contractions produced by NA, K+, and electrical
stimulation. Prior in vivo treatment with ethanol
reduces this inhibition, with significant tolerance
developing upon chronic ethanol administration.
Moreover, tolerance persists for at least two days after
discontinuation of chronic treatment. Significant
changes were seen across all concentrations of NA,
thus they were not unique to a particular level of
adrenoceptor stimulation.
The authors wish to thank Dr John Brick and Mr Al Jusco
for their assistance during the developmental stages of these
studies. We also wish to thank Mrs Pat LaSasso for
secretarial assistance.

This work was supported by U.S. Public Health Service
Grants AA00045 and AA04238.

References

ALTURA, B.M. & ALTURA, B.T. (1983). Peripheral vascular
actions of ethanol and its interaction with neurohumoral
substances. Neurobehav. Tox. Teratol., 5, 211-220.

ALTURA, B.T., POHORECKY, L.A. & ALTURA, B.M. (1980).
Demonstration of tolerance to ethanol in non-nervous
tissue: Effects on vascular smooth muscle. Alcoholism:
Clin. exp. Res., 4, 62-69.

AMBACHE, N., DUNK, L.P., VERNEY, J. & ABOO ZAR, M.
(1972). Inhibition of post-ganglionic motor transmission
in vas deferens by indirectly acting sympathomimetic
drugs. J. Physiol., 227, 433-456.

BLUM, K., BRIGGS, A.H., DELALLO, L. & ELSTON, S.F.A.
(1980a). Genotype dependent responses to ethanol and
normorphine on vas deferens of inbred strains of mice.



ETHANOL TOLERANCE IN VITRO 403

Subst. Alcohol Actions/Misuse, 1, 459-465.
BLUM, K., BRIGGS, A.H., DELALLO, L., ELSTON, S.F.A. &

HIRST, M. (1980b). Naloxone antagonizes the action of
low ethanol concentrations on mouse vas deferens. Subst.
Alcohol Actions/Misuse, 1, 327-334.

BLUM, K., BRIGGS, A.H., ELSTON, S.F.A., DELALLO, L., SAR,
M. & SHERIDAN, P. (1980c). Acute and chronic interac-
tions between ethanol and peptide opiates. Drug Alcohol
Depend., 6, 106-107.

CARMICHAEL, J.F. & ISRAEL, T. (1975). Effects of ethanol
on neurotransmitter release by rat brain cortical slices. J.
Pharmac. exp. Ther., 193, 824-834.

CLEMENT, J.G. (1980). Investigations into the mechanism of
morphine and ethanol inhibition in the guinea-pig ileum
longitudinal muscle strip. Can. J. Physiol. Pharmac., 58,
265-269.

CONTRERAS, E., TAMAYO, L., GAETE, S. & JUICA, S. (1982).
Effects of denervation on the sersitizing effect to
noradrenaline induced by morphine in the vas deferens of
mice treated chronically with morphine. Neuropharmac.,
21, 751-756.

DEGANI, N.C., SELLERS, E.M. & KADZIELAWA, K. (1979).
Ethanol-induced spontaneous norepinephrine release
from the rat vas deferens. J. Pharmac. exp. Ther., 210,
22-26.

DEMORAES, S. & CAPAZ, F.R. (1984). The effects of ethanol
dependence on drug responsiveness ofmouse isolated vas
deferens. J. Pharm. Pharmac., 36, 70-74.

DILLON, M.M., WATERS, D.H. & TRIGGLE, D.J. (1983).
Demonstration of central nervous system tolerance to
ethanol in mice: Consequent effects on smooth muscle in
vitro. Alcoholism: Clin. exp. Res., 7, 349-356.

GERTHOFFER, W.T., FEDAN, J.S., WESTFALL, D.P., GOTO,
K. & FLEMING, W.W. (1979). Involvement ofthe sodium-
potassium pump in the mechanism of postjunctional
supersensitivity of the vas deferens of the guinea pig. J.
Pharmac. exp. Ther., 210, 27-36.

GOTO, K. (1983). Postjunctional supersensitivity of the
smooth muscle of the rat vas deferens induced by
calmodulin-antagonizing drugs applied locally to the
hypogastric plexus. J. Pharmac. exp. Ther., 224,231-238.

ISRAEL, Y., CARMICHAEL, F.J. & MACDONALD, J.A. (1973).
Effects of ethanol on norepinephrine uptake and elec-
trically stimulated release in brain tissue. Ann. N. Y. Acad.
Sci., 215, 38-47.

MAEDA, H., WATANABE, Y., LAI, R.-T. & YOSHIDA, H.
(1983). Effect of glucocorticoids on alpha-2 adrenocep-
tors in vas deferens of reserpinized rat in organ culture.
Life Sci., 33, 39-45.

MARSHALL, J., PHILLIPS, D.G.L. & NASMYTH, P.A. (1981).
Calcium ions, morphine tolerance and noradrenergic
transmission in the mouse vas deferens. Eur. J. Pharmac.,
75, 205-213.

MARTI, M.C. (1982). The effects of chronic morphine
administration to mice on the contractile activity in vitro
of the vas deferens without and with morphine. Eur. J.
Pharmac., 78, 439-446.

MAYER, J.M., KHANNA, J.M. & KALANT, H. (1980a). A role
for calcium in the acute and chronic actions of ethanol in
vitro. Eur. J. Pharmac., 68, 223-227.

MAYER, J.M., KHANNA, J.M. & SPERO, L. (1980b). Cross-
tolerance between ethanol and morphine in the guinea-
pig ileum longitudinal-muscle/myenteric-plexus prepara-
tion. Eur. J. Pharmac., 63, 225-227.

POHORECKY, L.A. (1974). Effects of ethanol on central and
peripheral noradrenergic neurons. J. Pharmac. exp.
Ther., 189, 380-391.

POHORECKY, L.A. & BRICK, J. (1982). A new method for the
determination of blood ethanol levels in rodents. Phar-
mac. Biochem. Behav., 16, 693-696.

RANGARAJ, N. & KALANT, H. (1978). Effects of ethanol
withdrawal, stress and amphetamine on rat brain
(NA' + K+)-ATPase. Biochem. Pharmac., 27,
1139-1144.

REDMOND, G. & COHEN, G. (1972). Sex difference in
acetaldehyde exhalation following ethanol administra-
tion in C57/BL mice. Nature, 236, 117-119.

ROACH, M.K., DAVIS, D.L. & PENNINGTON, W. (1973).
Effect of ethanol on the uptake by rat brain synap-
tosomes of 3H-DL-norepinephrine, 3H-5-hydroxytryp-
tamine, 3H-GABA and 3H-glutamate. Life Sci., 12,
433-441.

SABAN, R., CAPAZ, F.R. & DEMORAES, S. (1982). Adren-
oceptor supersensitivity in the isolated rat vas deferens
during barbital withdrawal. Eur. J. Pharmac., 82,37-45.

SEEMAN, P. (1972). The membrane actions of anaesthetics
and tranquilizers. Pharmac. Rev., 24, 583-655.

SHIMODAN, M. & SUNANO, S. (1981). The initiation of
phasic and tonic contractions by potassium and the effect
of calcium, multivalent cations and Ca-antagonist on
potassium contracture in guinea-pig vas deferens. Jap. J.
Physiol., 31, 15-27.

SYSON, A.J. & HUDDART, N. (1973). Contracture tension in
rat vas deferens and ileal smooth muscle and its modifica-
tion by external calcium and the tonicity of the medium.
Comp. Biochem. Physiol., 45A, 345-346.

TABAKOFF, B. (1977). Neurochemical aspects of ethanol
dependence. In Alcohol and Opiates: Neurochemical and
Behavioral Mechanisms. ed. Blum, K. pp. 21-40. New
York: Academic Press.

(Received October 24, 1985.
Revised March 3; 1986.

Accepted March 6, 1986.)


