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The effects of ethanol in vitro (21 and 42 mM) and in vitro (10 and 30 days of
exposure) on the dose:effect curves for noradrenaline and acetylcholine in isolated
auricles and uterus of rats, respectively, have been studied. Likewise, the acetylcholine
atropine interaction was studied in rat uterus under the above-mentioned conditions.
Analysis of theoretical curves as well as pD, and pA2 calculations revealed that ethanol
causes changes in the tissue responses to the agents assayed which in turn may be
an expression of modifications in the receptor function.

In recent years, several authors have
pointed out that ethanol causes modifica
tions in biomembrane composition and
function (1, 3, 5, 7, 10, 14, 16). As a con
sequence, the possibility exists that these
modifications give rise to subsequent
changes in the structure of the so-called
«membrane receptors», including those
where neurotransmitters are specifically
bound. Supporting this hypothesis, Ciofa-
lo (2) found that low concentrations of
ethanol in vitro increased the total a-adren-
ergic receptor population in the rat
brain. On the contrary, high concentra
tions of the drug produced a decrease in
the receptor population. Likewise, Reg-
giani et al. (11) observed that chronic ad
ministration of ethanol causes a selective
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increase of specific 3H-spiroperidol bind
ing in rat striatum, kynetic analysis
showing a significant increase in the af
finity constant. From a theoretical point
of view, these receptor changes may in
turn result in modifications of tissue re
sponses to neurotransmitters. In the pres
ent paper, the dose: response curves for
noradrenaline (NA) and acetylcholine
(ACh) in isolated auricle and uterus of
rats, respectively, were comparatively
studied either in the absence or in the
presence of ethanol in vitro as well as
after in vivo exposure to the drug. On
the other hand, as ethanol has complex
actions on the cellular metabolism and on
the heart catecholamine storage (9) and
inotropism (4, 12) which by themselves
may produce alterations in the pharma
cological responses, additional experi
ments were performed in rat uterus to 
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assess the influence of ethanol on the
cholinergic antagonism by atropine, a li
gand whose blocking activity depends
only on its receptor affinity.

Materials and Methods

Sprague-Dawley rats, weighing 250-
300 g, were used. The animals were
housed individually in wire screen cages
and allowed free access to food and wa
ter. An injection of stilbestrol, 0.1 mg/kg
s.c., was given 24 hours before the ex
periments to the animals designated for
uterus preparation.

In vitro experiments. The animals
were decapitated and the auricle and
uterus were suspended in a tissue bath
(20 ml) containing Krebs solution (mod
ified by adding Na2EDTA and atropine)
in the case of the auricles, and Jalon’s
solution for uterus. The bathing medium
was continuously oxygenated by dubbling
a mixture of 5 % carbon dioxide in oxy
gen and maintained at 37° C. Auricles
and uterus were mounted on glass tissue
holders and attached to the recording
instruments. These were comprised of a
Statham force-displacement transducer
for auricle preparations, and a frontal-
writing lever for uterus studies. The prep
arations were allowed to equilibrate for
30 min with 0.5 g of resting tension or
load. Isometric contractile responses of
auricles were recorded on a Beckman
R-511 dynograph. A Bio-Science Kymo
graph was used to record the isotonic
contractile responses of the uterus.

Appropriate concentrations of ethanol
were selected by exposing auricles (n=10),
for four minutes, to 21, 42, 84 and 168
mM of the drug. Only the concentrations
of 21 and 42 mM which were free from
arrhythmic effects (see Results) were em
ployed in the subsequent studies. Control
dose: effect curve for NA (Norepinephrine
bitartrate, Sigma) was obtained by ex

posing the auricles (n = 12) to logarith
mic increasing non-cumulative doses of
this agent for two minutes. Cumulative
concentrations of ACh (Acetylcholine
chloryde, Sigma) were used in uterus prep
aration (n = 12) to obtain the dose: re
sponse curve for this agent. All these ex
periments were repeated in presence of
21 and 42 mM of ethanol added to the
bath two minutes before either Na or ACh
(a separate group of 48 rats was used,
twelve animals per dose of ethanol).

In vivo experiments. In vivo ethanol
administration was carried out by substi
tuting drinking water by a 15 % (v/v)
ethanol solution. In the control animals,
the alcoholic beverage was substituted by
a liquid diet isocaloric with ethanol (su
crose, 90 g/1). One group (n = 12 for
each treatment) of these animals was sac
rificed ten days after ethanol or sucrose
exposure. Their auricles and uterus were
prepared and tested for NA and ACh in
the way above-mentioned for the in vitro
experiments. Similar assays were carried
out with an equal number of preparations
30 days after ethanol or sucrose expo
sures. At the end of the two intoxication
periods, the amount of ethanol consumed
by each animal was noted. Likewise, al-
coholemia was measured at the same tim
es by gas liquid chromatography.

Effect of ethanol on atropine-induced
antagonism. The action of atropine
(Atropine sulphate, Sigma) 10-8 M on the
dose:response curve for ACh was tested
under all the experimental circumstances
above described for uterus preparation.

Data analysis. The data obtained in
the different experimental series were
used to calculate the theoretical log dose:
response curves for the compounds stud
ied. In the case of agonists, the equation

Emax
Ka/A + 1

was employed, where

Ka represents the dissociation constant and 
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Results

It is necessary to indicate that the data
obtained in the organs removed from
sucrose-fed rats were entirely similar to
those seen in control preparations in vi
tro. Therefore, in order to simplify the
graphical exposition of the results, con
trol data of both sucrose treated and un
treated animals are presented together.

The effects of increasing doses of etha
nol on isolated auricles are summarized
in table I. The doses of 21 and 42 mM
of ethanol were selected for the subse
quent studies because they did not induce
either arrhythmia or marked disturbances
in the contraction force. The effects of
ethanol on the pharmacological response
to NA are set forth in figure 1. The pres
ence of ethanol in vitro at the dose of
21 nM induced a slight decrease in the
maximal chronotropic effect of NA. This
effect was accompanied by a marked in
crease in the maximal inotropic effect.
When the concentration of ethanol was
augmented to 42 nM a further decrease
in the maximal chronotropic effect was
observed, the maximal inotropic effect
also being reduced. In the animals ex
posed to ethanol for ten days, a slight in
crease of both the maximal chronotropic
and inotropic effects of NA was seen.

A the dose producing an effect EA which
is a fraction of the maximal effect Emax.
For competitive antagonism induced by
atropine the following equation was used:

EAmax
Eab = 1 (1 B/K.)KVA • WhCre K” repre’
sents the dissociation constant of the an
tagonist and B the dose used. On the
other hand pD2 values for NA and ACh
as well as pA2 values for atropine (15)
were calculated for all the experimental
series. These latter parameters were sub
mitted to statistical calculation by using
the Student «t» test for comparison be
tween means.

120

Fig. 1. Modifications induced by ethanol on
the theoretical dose: response curve for the
chronotropic (upper part) and inotropic low

er part) effects of NA.
I = Control. II = Ethanol, 21 mM. Ill = Etha
nol, 42 mM. IV = Ten days of ethanol expo

sure. V = 30 days of ethanol exposure.

After 30 days of alcohol intoxication both
parameters were similarly diminished.

Results obtained in isolated uterus are
presented in figure 2. The presence of
21 nM of ethanol did not produce any
change as compared with the control
curve for ACh. Ethanol, 42 mM, gave
rise to a displacement to the right of the
dose:response curve accompanied by a
moderate decrease of the maximum ef
fect. When the animals were submitted
to the alcoholic beverage for ten days,
the dose: effect curve for ACh exhibited
a marked displacement to the left without
any change in the maximal effect. How
ever, alcohol exposure for 30 days pro
duced a displacement to the right on the
dose: effect curve without any change in
the maximal effect.
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Fig. 2. Modifications Induced by ethanol on
the theoretical dose:response curve for ACh
(----- ) and Its antagonism by atropine (---- ■).
I = Control. II = Ethanol, 21 mM. Ill = 42
mM. IV = Ten days of ethanol exposure. V —
30 days of ethanol exposure. Parallel experi
mental circumstances for ACh-atropine inter
action are indicated by the letter a immediately

after the Roman numerals.

affinity of ACh was observed in presence
of 42 mM of ethanol as well as after 30
days of ethanol intoxication. On the con
trary, ten days of ethanol exposure pro
duced an increase in the affinity of ACh.
The pA2 value for atropine was signifi
cantly increased after 30 days of ethanol
exposure.

The mean ethanol cumulative con
sumption after ten days of exposure was
11.8 + 1.2 g/100 g body weight (x + SEM).
After 30 days the amount consumed was
32.4 + 2.1 g/100 body weight.

Blood ethanol level of rats intoxicated
during ten days was 105 ± 9 /zg/100 ml.
After 30 days the level was 108 ± 13 jug/
100 ml.

The experiments in which atropine was
used revealed that ethanol, 21 and 42 mM,
did permit the normal development of
competitive antagonism (as compared
with ACh in presence of ethanol). After
ten days of alcohol exposure, ACh was
unable to overcome the atropine blockade,
the maximal effect being lessened about
25 %. This abnormality was even more
intense in the uterus from rats exposed
for 30 days to ethanol where the maximal
effect was diminished about 50%.

Table II shows the pD2 and pAa values
obtained. The pD, values for chronotro
pic and inotropic effects of NA were not
modified by ethanol. A decrease in the

Discussion

The present results show that ethanol
both in vitro and in vivo produces rel
evant changes in the responses to NA
and ACh in the isolated auricle and uter
us of rats. As has been mentioned above,
ethyl alcohol might cause these changes
through mechanisms other than some ac
tion on membrane receptors. However,
by taking into consideration the effect of
ethanol on the cholinergic antagonism by
atropine, an action on membrane recep
tors can be suggested. In fact, atropine
increased its affinity for the cholinergic
receptors in such a way that an irrever-

• p < 0.05 as compared with control.

7

Table II. Values of pD2 for NA and ACh, and values of pA2 for atropine, in presence of
ethanol in vitro and after the in vivo exposure to ethanol (mean ± S.E.M.).

Auricle frequency
pD, for NA

Auricle force
pD, for NA

Uterus
pD, for ACh

Uterus
pA, or atropine

Control 7.1 ± 0.4 6.7 ± 0.6 4.8 ± 0.5 8.9 ± 0.6

Ethanol, 21 mM 6.9 ± 0.7 6.7 ± 0.6 4.7 ± 0.4 9.0 ± 0.7

Ethanol, 42 mM 6.7 ± 0.6 6.7 ± 0.6 3.1 ± 0.2 * 9.0 ± 0.3

10 days ethanol 7.2 ± 0.6 6.7 ± 0.6 6.3 ± 0.5 * 9.7 ± 0.5

30 days ethanol 7.1 ± 0.7 6.7 ± 0.7 3.5 ± 0.3 * 10.4 ± 0.2*
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sible blockade occurred after ethanol ex
posure. As the blocking action of atro
pine depends only on its ability to occupy
the cholinergic receptors, any change in
its competitive behavior should be ex
clusively attributable to receptor modi
fications, since chemical alterations in the
atropine molecule by ethanol have not
been hitherto described. Furthermore, in
the experiments performed in organs iso
lated from animals exposed to ethanol in
vivo, atropine continued to exhibit ab
normal antagonism in spite of the absence
of ethanol in the medium bath. The ef
fect of /3-blocking agents on NA response
in presence of ethanol has not been stud
ied here. Independently of their ^-block
ing effectiveness, such compounds produce
some collateral actions, e.g. membrane
stabilization and inhibition of catechol
amine release (13) which would be re
sponsible for alterations in the sponta
neous activity of auricles, thereby causing
possible misinterpretation of the effects
of ethanol.

The data here presented do not permit
us to establish the biochemical nature of
the changes occurring in the biomem
branes when the cells are exposed to
ethanol, any hypothesis being merely spec
ulative at the moment. Nevertheless, it
has been reported that ethanol gives rise
to marked changes in the lipid composi
tion of biomembranes (5, 10) and if the
membrane lipids play a role in the re
ceptor mechanisms (8), it is easy to under
stand that ethanol may cause subsequent
alterations in such mechanisms. The find
ings referred by Ciofalo (2) on the etha
nol-induced changes in the adrenergic re
ceptor population agree with this hypoth
esis. Likewise, the data publishew by
Reggiani et al. (11) concerning changes
in spiroperidol affinity, strongly suggest
the occurrence of receptor function alter
ations. On the other hand both authors
found differences in the effects of ethanol
depending on its concentration and ex
posure time. This was equally observed 

here and well illustrated by the pD2 and
pA2 analysis. These facts clearly indicate
the difficulties existing in extrapolating
the data obtained in vitro and in acute
experiments to long-term experiments.

Blood concentrations of ethanol at the
end of the intoxication periods were neg
ligible. These data reflect the high rate
of ethanol elimination in the rat (17) and
emphasize the relevance of the finding
here reported in such a way that low
albeit persistent levels of ethanol were
able to induce the above-mentioned
changes.

In view of the results here presented
several topics merit further attention.
Firstly, it is necessary to ascertain wheth
er or not ethanol has similar effects on
the responses mediated by receptors other
than those here investigated. Secondly,
information is required about the rever
sibility of the receptor abnormalities once
ethanol exposure is stopped. And thirdly,
are these changes present in dependent
animals? All these data are necessary to
obtain a better knowledge of the role
played by receptor alterations in the de
velopment and maintenance of ethanol
tolerance and dependence.

Resumen

Se estudia el efecto del etanol in vitro (21
y 42 mM) e in vivo (10 y 30 dias de ingesta
continuada) sobre las curvas dosis-efecto de
noradrenalina y acetilcolina en auricula y Ote
ro aislados de rata, asi como la interacciOn
acetilcolina-atropina en Otero de rata en las
circunstancias arriba senaladas. Del anOlisis
de las curvas teOricas, asi como del cdlculo
de los valores de pDa y pAa se deduce que el
etanol modifica la respuesta de los tejidos a
los agonistas estudiados, lo que puede signifi-
car una modification de la funciOn receptorial.

References

1. Boada, J. N., Feria, M., Ibanez, T. and
Darias, V.: Therapie, 34, 111-115, 1979.



ETHANOL AND RECEPTOR FUNCTION 89

2. Ciofalo, F. R.: Proc. West. Pharmacol.
Soc., 21, 267-269, 1978.

3. Chin, J. H. and Goldstein, D. B.: Sci
ence, 196, 684-685, 1977.

4. Fisher, V. J. and Kavaler, F.: In «A1-
cohol and abnormal protein synthesis®
(M. Rothschild, M. Oratz and S. Schri-
ber, ed.). Pergamon Press, New York,
1975, p. 187.

5. Grieve, S. J., Littleton, J. M., Jones, P.
and John, G. R.: J. Pharm Pharmac., 31,
737-742, 1979.

6. Hanig, J. P., Prosky, L. and O-Dell, R.:
Pharmacologist, 13, 231-235, 1971.

7. Hanig, J. P., Morrison, J. M. and Krop,
S.: Eur. J. Pharmacol., 18, 79-82, 1972.

8. Loh, H. H. and Law, P. Y.: Ann. Rev.
Pharmacol., 20, 201-234, 1980.

9. Nakano, J. and Kessinger, J. M.: Eur.
J. Pharmacol., 17, 195-201, 1972.

10. Pennington, S. N., Smith, C. P. and Tap-
scott, E. B.: Alcoholism, 2, 311-316, 1978.

11. Reggiani, A., Barbaccia, M. L., Spano,
P. F. and Trabuchi, M.: J. Neurochem.,
35, 34-37, 1980.

12. Rudolph, M. I., Bardisa, L. and Castro,
R.; Arzneim. Forsch., 29, 1528-1530, 1979.

13. Saelens, D. A., Daniell, H. B. and Webb,
J. G.: J. Pharmacol. Exptl. Therap., 202,
635-645, 1977.

14. Seeman, P.: Experientia, 30, 759-760, 1974.
15. Schild, H. O.: Pharmacol. Rev., 9, 242-

246, 1957.
16. Von Wartburg, J. P.: Alcoholism, 3, 46,

1979.
17. Wallgren, H.: In «Alcohols and deriva

tives®, Int. Encyclop. Pharmacol. Therap.,
Section 20, volume I, Pergamon Press,
1970, p. 161.




