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Abstract

Many studies have shown that the relationship between alcohol consumption and most cardio-
vascular diseases is U-shaped, with nondrinkers and heavier drinkers having higher risks than moderate
drinkers.  However, the association between cardiac arrhythmias and acute alcohol consumption is not
well understood.  We set up several experimental arrhythmia animal models to examine the effects of
acute administration of ethanol on arrhythmia.  The results showed 0.4, 0.8 and 1.6 g/kg ethanol
consumption obviously delayed the onset time of atrial fibrillation (AF) (P < 0.05 or P < 0.01) and
increased the survival rates on acetylcholine-CaCl2-induced AF in mice.  Ethanol (0.4, 0.8 and 1.6 g/kg)
consumption significantly delayed the onset time of ventricular tachycardia (VT), ventricular fibrillation
(VF) and cardiac arrest (CA) (P < 0.01), and 0.4 and 0.8 g/kg ethanol consumption increased the survival
rates on CaCl2-induced arrhythmia in rats.  Ethanol (0.4 g/kg) essentially increased the cumulative
dosage of aconitine required to CA (P < 0.05), and 0.8 g/kg, 1.6 g/kg ethanol reduced the cumulative
aconitine dosage to induce VT, VF and CA (P < 0.05 or P < 0.01) on aconitine-induced arrhythmia in rats.
Ethanol (0.4, 0.8 and 1.6 g/kg) consumption remarkably increased the cumulative dosage of deslanoside
to induce ventricualr premature contraction (P < 0.01) on deslanoside-induced arrhythmia in guinea
pigs.  Collectively, our results indicate that low concentrations of ethanol had anti-arrhythmic effect on
experimental arrhythmia, and high concentrations of ethanol may aggravated the occurrence of ex-
perimental arrhythmia.
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Introduction

Many studies have shown an inverse relationship
between increasing alcohol consumption and a decrease
in risk of cardiovascular disease (4, 16).  Although
acute alcohol intoxication has long been implicated in
the development of atrial fibrillation (AF) in healthy
individuals, the relationship of the full range of alcohol
consumption with risk of incidence of AF is less certain
(14).

Some studies have found a higher risk of AF

among heavier drinkers than in moderate drinkers (8,
13).  However, a large number of epidemiological
studies reported that ethanol was not associated with
occurrences of AF (3, 5).  While our current knowledge
indicates that long-term heavy alcohol consumption
may promote structural myocardial changes that can
be pro-arrhythmic, it is still debatable whether and
how acute ethanol ingestion favor the genesis of atrial
arrhythmias, particularly in patients without preexisting
heart disease.  Moreover, limited experimental studies
have suggested that the influence of ethanol on elec-
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trical stimulation-induced arrhythmias have also shown
contradictory results, with the drug either increasing
or decreasing susceptibility to and the duration of AF
in animal models (1, 15).  Thus, the association between
atrial arrhythmias and alcohol consumption is not well
understood.  Furthermore, the effect of ethanol on
ventricular arrhythmia is also uncertain.

This controversy is, to some extent, fueled by
the fact that the acute electrophysiologic effects of
alcohol in vivo have not been unequivocally charac-
terized.  To more fully address the prospective associa-
tion of alcohol consumption and risk of arrhythmias,
we designed several experimental arrhythmia animal
models to investigate the effects of acute administration
of different concentrations of ethanol on arrhythmia.

Materials and Methods

Animals and Reagents

This study was performed in accordance with
the guidelines for animal handling and experimen-
tation established at Xi’an Jiaotong University, China.
Male ICR mice (18-22 g), Sprague-Dawley rats (250-
300 g) and guinea pigs (300-350 g) were obtained
from the Laboratorial Animal Center of Xi’an Jiaotong
University.  All experimental procedures and protocols
were reviewed and approved by the Animal Care and
Use Committee of Medical College, Xi’an Jiaotong
University.  Acetylcholine and aconitine were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA),
amiodarone and verapamil were purchased from
Harvest Pharmaceutical Co. Ltd. (Shanghai, PRC),
ethanol, CaCl2 and urethane were purchased from
Xi’an Chemical Agent Factory (Xi’an, Shaanxi, PRC).
Animals were anaesthetized intraperitoneally with
urethane (0.12 g/kg), and trachea intubation was made
for each animal to assist ventilation.  The lead II ECG
was recorded by BL-420E+ data acquisition and anal-
ysis system (Chengdu, Sichuan, PRC).  Drugs were
administered via the caudalis vein in mice, the sublin-
gual vein in rats, and the jugular vein in guinea pigs.

Acetylcholine-CaCl2-Induced AF in Mice

Fifty mice were randomly divided into five
groups that were the normal saline (10 ml/kg), amio-
darone (5 mg/kg), 5% ethanol (0.4 g/kg), 10% ethanol
(0.8 g/kg) and 20% ethanol (1.6 g/kg) groups.  Five
minutes after treatment of amiodarone or ethanol,
acetylcholine-CaCl2 (consisting of 6 mg CaCl2 and
25 µg acetylcholine per ml) was administrated intra-
venously in 5 s.  The onset time and duration of AF
(f waves) or atrial flutter (F waves) were recorded,
and the survival rates of different groups animals
were calculated.

CaCl2-Induced Ventricular Arrhythmia in Rats

Forty rats were randomly divided into five groups
that were the normal saline (10 ml/kg), verapamil (1
mg/kg), 5% ethanol (0.4 g/kg), 10% ethanol (0.8 g/
kg), and 20% ethanol (1.6 g/kg) groups.  Five minutes
after treatment of verapamil or ethanol, 3.5% CaCl2

(140 mg/kg) was administrated intravenously in 10 s.
The onset time of ventricualr premature contraction
(VPC), ventricular tachycardia (VT), ventricular fi-
brillation (VF) and cardiac arrest (CA) was recorded,
and the survival rates of different groups of animals
were calculated.

Aconitine-Induced Ventricular Arrhythmia in Rats

Forty rats were randomly divided into five groups
that were the normal saline (10 ml/kg), amiodarone
(5 mg/kg), 5% ethanol (0.4 g/kg), 10% ethanol (0.8
g/kg) and 20% ethanol (1.6 g/kg) groups.  Five minutes
after treatment of amiodarone or ethanol, 0.001%
aconitine was administrated at a rate of 2 µg/min
using an infusion pump.  The onset time of VPC, VT,
VF and CA was recorded, and the cumulative dosage
of aconitine in mg/kg required to induce VPC, VT,
VF and CA was calculated.

Deslanoside-Induced Ventricular Arrhythmia in Guinea
Pigs

Forty guinea pigs were randomly divided into
five groups that were the normal saline (10 ml/kg),
amiodarone (5 mg/kg), 5% ethanol (0.4 g/kg), 10%
ethanol (0.8 g/kg) and 20% ethanol (1.6 g/kg) groups.
Five minutes after treatment of amiodarone or ethanol,
0.02% deslanoside was administrated at a rate of 50
µg/min using an infusion pump.  The onset time of
VPC, VT, VF and CA was recorded, and the cumulative
dosage of deslanoside in mg/kg required to induce
VPC, VT, VF and CA was calculated.

Measurement of Concentration of Blood Ethanol

Five minutes after treatment of different concen-
trations of ethanol, the arterial blood samples were
obtained.  Blood ethanol levels were determined by
gas chromatography (12).

Statistical Analysis

Data are presented as means ± SD (standard de-
viation), and n equals the number of animals studied.
Statistical analysis was performed by Student’s t-test
or one-way analysis of variance followed by a least
significant difference post-hoc test for multiple com-
parisons.  The software used for data analysis is the
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Statistical Package for the Social Sciences (SPSS) of
windows version 12.0.

Results

Effects of Ethanol on Acetylcholine-CaCl2-Induced AF
in Mice

Five minutes after treatment of 0.4, 0.8 and 1.6
g/kg ethanol, the concentrations of blood ethanol in
the treated mice were11.57 ± 0.07, 22.03 ± 0.75 and
44.07 ± 3.85 mM, respectively.  AF (characterized as
f waves) or atrial flutter (characterized as F waves)
was generated in all the mice after administrating of
acetylcholine-CaCl2 mixture (Fig. 1).  Our results
showed that 0.4, 0.8 and 1.6 g/kg ethanol obviously
delayed the onset time of AF (P < 0.05 or P < 0.01),
and 0.4 g/kg ethanol and amiodarone also remarkably
shortened the duration of AF (P < 0.05 or P < 0.01)
(Table 1 and Fig. 1).

The administration of acetylcholine-CaCl2 mix-
ture results in death in some animals.  The incidence
of mortality was 30% (3 of 10 animals) in the normal
saline group, 20% (2 of 10 animals) in the 1.6 g/kg
ethanol group, and all animals survived in the 0.4 and
0.8 g/kg ethanol and amiodarone groups (Fig. 2).

Effects of Ethanol on CaCl2-Induced Ventricular
Arrhythmia in Rats

Five minutes after treatment of 0.4, 0.8 and 1.6
g/kg ethanol, the concentrations of blood ethanol in
the experimental rats were 10.47 ± 1.04, 19.40 ± 1.64
and 48.20 ± 1.83 mM, respectively.  Intravenous in-
jection of CaCl2 to rats produced disturbances of
cardiac rhythm including VPC, VT, VF or CA (Fig.
3).  Our data also indicated that intravenous admin-
istration of 0.4, 0.8 and 1.6 g/kg ethanol and verapamil
significantly delayed the onset time of VT, VF and
CA (P < 0.01).  Additionally, 0.4 g/kg ethanol and ver-
apamil also remarkably delayed the onset time of
VPC (P < 0.05) (Table 2 and Fig. 3).

Administration of CaCl2 caused life-threatening
arrhythmia in most animals in all groups.  The incidence
of mortality reached 100% (8 of 8 animals) in the normal
saline and 1.6 g/kg ethanol groups, 50% (4 of 8 animals)
in the verapamil and 0.4 g/kg ethanol groups, and 87.5%
(7 of 8 animals) in the 0.8 g/kg ethanol group (Fig. 4).

Effects of Ethanol on Aconitine-Induced Ventricular
Arrhythmia in Rats

Ventricular premature beats were followed by

Table 1.  Effects of ethanol on acetylcholine-CaCl2-induced atrial fibrillation in mice

Groups Doses Onset Time of Duration of
(g/kg) AF (s) AF (s)

Normal saline 1.50 ± 1.08 39.86 ± 8.88
Amiodarone 0.005 1.70 ± 0.48 18.30 ± 8.89**
5% Ethanol 0.4 4.30 ± 1.64** 29.70 ± 7.17*
10% Ethanol 0.8 2.90 ± 1.10* 35.70 ± 10.35
20% Ethanol 1.6 3.00 ± 1.25* 37.50 ± 11.36

In each group, n = 10, and the data shown are means ± SD.  *P < 0.05, **P < 0.01 vs. normal saline.

Fig. 1. Electrocardiogram of atrial fibrillation (AF) induced by acetylcholine-CaCl2 in mice.  (A) Normal electrocardiogram of lead II
in a mouse.  (B) AF (characterized as f waves) was generated in the mouse after administration of the acetylcholine-CaCl2
mixture.

before acetylcholine-CaCl2 10 s after acetylcholine-CaCl2

f wave

A B
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VT and VF appearing in all treated rats after admin-
istrating of aconitine.  Treatment of rats with 0.4 g/kg
ethanol prior to aconitine caused a delay of the
arrhythmias, significantly increasing the cumulative
dosage of aconitine required to CA (P < 0.05).  How-
ever, 0.8 g/kg ethanol essentially reduced the
cumulative aconitine dosage to induce VF (P < 0.01),
and 1.6 g/kg ethanol significantly reduced the cu-
mulative aconitine dosage to induce VT, VF and CA
(P < 0.05 or P < 0.01).  Intravenous injection of ami-

odarone markedly and dose-dependently increased
the cumulative dosage of aconitine required to in-
duce VPC, VT, VF and CA (P < 0.01) (Table 3).

Effects of Ethanol on Deslanoside-Induced Ventricular
Arrhythmia in Guinea Pigs

Five minutes after treatment of 0.4, 0.8 and 1.6
g/kg ethanol, the concentrations of blood ethanol
in the treated guinea pigs were 11.21 ± 1.52, 20.48 ±
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Fig. 2. Survival rates of ethanol on acetylcholine-CaCl2-induced AF in mice.  The survival rate in the normal saline group was 70%,
in the 1.6 g/kg ethanol group was 80%, and in the 0.4 and 0.8 g/kg ethanol and amiodarone groups was 100%.

Table 2.  Effects of ethanol on CaCl2-induced ventricular arrhythmia in rats

Groups Doses Onset Time of Onset Time of Onset Time of Onset Time of
(g/kg) VPC (s) VT (s) VF (s) CA (s)

Normal saline 7.42 ± 1.41 10.01 ± 1.41 13.65 ± 1.97 42.65 ± 5.64
Verapamil 0.001 9.12 ± 1.56* 18.73 ± 1.89** 33.91 ± 3.69** 91.41 ± 10.44**
5% Ethanol 0.4 9.34 ± 1.71* 20.34 ± 2.26** 32.91 ± 4.43** 73.64 ± 11.72**
10% Ethanol 0.8 8.65 ± 1.58 15.56 ± 1.91** 19.16 ± 2.13** 79.67 ± 9.33**
20% Ethanol 1.6 8.54 ± 1.55 13.85 ± 1.47** 24.43 ± 2.71** 86.18 ± 9.55**

In each group, n = 8, and the data shown are means ± SD.  *P < 0.05, **P < 0.01 vs. Normal saline.

Fig. 3. Electrocardiogram of ventricular arrhythmia induced by CaCl2 in rats.  (A) Normal electrocardiogram of lead II in a rat.
(B) VPC was generated in the rat induced by CaCl2.  (C) VT was generated in the rat induced by CaCl2.  (D) VF was generated
in the rat induced by CaCl2.

7 s after CaCl2before CaCl2 10 s after CaCl2 13 s after CaCl2

BA C D
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2.46 and 43.81 ± 3.88 mM, respectively.  Intravenous
injection of deslanoside resulted in disturbances
of the cardiac rhythm progressing from premature
ventricular to VT, VF or cardiac arrest in all guinea-
pigs.  Ethanol in 0.4, 0.8 and 1.6 g/kg dosages caused
a remarkable increase in the cumulative dosage of
deslanoside to induce VPC (P < 0.01), but there was
no obvious difference in the case of inducing VT,
VF and CA (P > 0.05) (Table 4).

Discussion

In the present study, several drug-induced arrhyth-
mia animal models was set up to investigate the effects
of acute administration of different concentrations of
ethanol on arrhythmia.  The results showed that low
concentrations of ethanol (0.4 g/kg) had an evidently
anti-arrhythmic effect on acetylcholine-CaCl2-induced
AF in mice, CaCl2 and aconitine induced ventricular
arrhythmia in rats, and deslanoside-induced ventricular
arrhythmia in guinea pigs.  However, high concentra-
tions of ethanol (1.6 g/kg) aggravated the occurrence of

aconitine-induced ventricular arrhythmia in rats.
It is well established that a tonic increase in the

availability of the atrial muscarinic K+ channels, by
infusion of a low-dose of cholinergic or adenosine re-
ceptor agonists, promotes the genesis of AF (17).  On
the other hand, infusion of CaCl2 leads to hypercal-
cemia and increase in Ca2+ inflow, which results in
the increase of autorhythmicity of the myocardium to
produce atrial or ventricular arrhythmia (2).  Our data
showed that 0.4, 0.8 and 1.6 g/kg ethanol not only
delayed the onset time of AF on acetylcholine-CaCl2-
induced AF in mice, ethanol at these concentrations
also delayed the onset time of VT, VF and CA on
CaCl2-induced ventricular arrhythmia in rats.  Ad-
ditionally, the survival rates in all the ethanol groups
were higher than those of the control group.  These re-
sults were consistent with some previous studies,
which confirmed an antiarrhythmic effect of ethanol
(7, 15).  The above results could be partially explained
by another report indicating that ethanol could inhibit
Ca2+ channel currents (9).  However, little information
is available on the effects of ethanol on acetylcholine

Table 3.  Effects of ethanol on aconitine-induced ventricular arrhythmia in rats

Groups Doses Dosage of aconitine (µg/kg)

(g/kg) VPC VT VF CA

Normal saline 11.65 ± 2.12 15.22 ± 1.36 29.55 ± 4.64 92.89 ± 10.07
Amiodarone 0.005 17.15 ± 4.19** 22.97 ± 6.66** 37.59 ± 8.00* 164.98 ± 29.66**
5% Ethanol 0.4 12.81 ± 3.83 17.87 ± 4.75 34.71 ± 7.11 118.63 ± 28.63*
10% Ethanol 0.8 11.20 ± 3.03 14.71 ± 3.83 21.67 ± 4.44** 83.45 ± 17.69
20% Ethanol 1.6 9.91 ± 2.75 12.41 ± 2.71* 18.62 ± 3.33**  66.87 ± 6.90**

In each group, n = 8, and the data shown are means ± SD.  *P < 0.05, **P < 0.01 vs. Normal saline.
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Fig. 4. Survival rates of ethanol on CaCl2-induced ventricular arrhythmia in rats.  The survival rate in the normal saline and the 1.6
g/kg ethanol groups was 0%, in the verapamil and 0.4 g/kg ethanol groups was 50%, and in the 0.8 g/kg ethanol group was
12.5%.
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sensitive K+ channel currents.
Aconitine, a specific Na+ channel agonist able

to prolong the open state of the channel, may induce
intracellular Na+ accumulation and intracellular Ca2+

overload, which may eventually result in polymorphic
ventricular arrhythmias (20).  Our results indicated
that there was an obvious variability of the different
concentrations of ethanol on arrhythmia.  An ethanol
concentration of 0.4 g/kg increased the threshold
dose of aconitine required to CA.  However, 0.8 g/kg
ethanol essentially reduced the threshold dose of ac-
onitine to induce VF, and 1.6 g/kg ethanol reduced
the threshold dose of aconitine to induce VT, VF and
CA.  Therefore, 0.4 g/kg ethanol showed antiar-
rhythmic effect on the aconitine-induced arrhythmia
model, which may be due to decrease of Na+ currents
induced by ethanol in ventricular cardiomyocytes
(10).  However, more complex mechanisms might be
involved in the proarrhythmic effects of high-dose
ethanol on the aconitine-induced arrhythmia model,
and elucidation of the effect needs more studies.

Deslanoside could elevate the intracellular sodi-
um level to promote the reverse mode (Ca2+-entry) of
the Na+/Ca2+ exchanger, which could mediate ventric-
ular arrhythmia.  Guinea pig was chosen as an experi-
mental model in this study because the Ca2+-entry/
exit mechanisms in guinea pig cardiomyocytes are
closely related to the human model (18).  Our data
showed that 0.4, 0.8 and 1.6 g/kg ethanol increased
the threshold dose of deslanoside to induce VPC,
but there was no obvious influence in the case of
inducing VT, VF and CA.  Although ethanol could
inhibit the Ca2+ channel currents, it seems that ethanol
has little effects on the Na+/Ca2+ exchanger.  Hence,
ethanol could not prevent increase of rhythmicity of
the ventricular myocardium.

Alcohol has long been considered to be asso-
ciated with different types of cardiac arrhythmias,
among which the most famous case is the “holiday
heart syndrome” (6).  Although previous studies have
suggested that alcohol consumption may induce the
occurrence of AF in the so-called “holiday heart syn-
drome”, the association between alcohol ingestion

and AF has been challenged by several epidemiolog-
ical studies (5, 8).  On the other hand, some researchers
pointed out that heavy drinking of alcohol was associ-
ated with increased risks of ventricular arrhythmias
and sudden deaths (11, 19).  But the influence of mo-
derate drinking on ventricular arrhythmia is uncertain.
Our results indicated that low concentrations of eth-
anol (blood concentration about 10~12 mM) had a
remarkably anti-arrhythmic effect on atrial and ven-
tricular arrhythmia, especially for atrial arrhythmia.
However, high concentrations of ethanol (blood con-
centration about 40~50 mM) aggravated the occur-
rence of ventricular arrhythmia.  The data obtained
from four experimental arrhythmia animal models
provided us with more information on the effects of
ethanol on arrhythmia.  Nevertheless, the exact mecha-
nisms of these beneficial or malignant effects are
unclear, thus, warranting further studies.

Although excessive alcohol consumption is as-
sociated with several negative health outcomes, more
and more epidemiological and clinical investigations
have shown that a low to moderate levels of alcohol
intake have a definitive protective role against many
cardiovascular diseases, especially on coronary heart
disease and stroke.  Our findings revealed that low
doses of ethanol had an anti-arrhythmic effect on ar-
rhythmia.  It seems appropriate to consume alcoholic
beverages in moderate amounts, which may represent
a simple way to induce a cardioprotective state.
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