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Ethanol vapour induced dilated cardiomyopathy in chick embryos

Kiran Kamran, Muhammad Yunus Khan,?2 Liagat Ali Minhas3

Abstract

Objective: To study the effects of ethanol vapour inhalation on the heart chambers of chick embryo.

Methods: The case-control study was conducted at the College of Physicians and Surgeons Pakistan regional centre
in Islamabad from January to October 2007. Both experimental and control groups were divided into three sub-
groups each, based on the day of the sacrifice. Each group was dissected on day 7, day 10 and day 22 or hatching
whichever was earlier. The experimental sub-groups sacrificed on day 7, day 10 and on hatching, were exposed to
ethanol vapours till day 6, 9 and 9 of incubation respectively. The diameter of all 4 chambers was measured in
experimental hearts and compared with age-matched controls. SPSS 10 was used for statistical analysis.

Results: Ethanol vapour exposure caused widening of all heart chambers in the experimental chick embryos
sacrifised on day 7 and day 10 compared to the controls. The chambers of newly hatched chick hearts showed
dilatation in all the chambers except the left ventricle.

Conclusion: Ethanol vapour exposure during development affects the heart, resulting in the widening of all heart
chambers. The exposure is as dangerous as drinking alcohol. Alcohol vapour exposure during development leads to

progressive dilatation in different heart chambers, producing dilated cardiomyopathy.
Keywords: Ethanol vapour, Chick embryos, Heart chambers, Cardiomyopathy. (JPMA 63: 1084; 2013)

Introduction

Alcohol use during pregnancy can cause foetal
abnormalities.! Prenatal alcohol exposure exerts
teratogenic effects on the developing foetus known as the
foetal alcohol syndrome (FAS). Defects in the cardiovascular
system appear in up to 50% of children diagnosed with
FAS.2 Alcohol drinking can interfere with the normal
functioning of the heart; a condition referred to as alcoholic
cardiomyopathy. Alcoholic cardiomyopathy is a
degenerative disease of the heart muscle characterised by
a reduced capacity of the heart to pump blood (i.e.,
depressed cardiac output), reduced ability of the heart
muscle to contract, and widening (i.e., dilatation) of all
heart chambers.3 As the development of chick heart
parallels that of the human heart, it has been used as a
developmental model in various researches to study heart
development and congenital heart defects.>

Nowadays a new route of alcohol intake is gaining popularity
i.e. ethanol vapour inhalation through a special device
known as Alcohol Without Liquid Vaporiser.5 Inhaled alcohol
vapours are absorbed through blood vessels in the nose or
lungs, bypassing stomach and liver. Manufacturers of this
device are of the opinion that alcohol vapour inhalation has
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no long-lasting side-effects, but scientists are of the view that
inhalation is as harmful as alcohol drinking.” Various studies
are now in progress in which ethanol vapours are given to
the animals and humans to analyse its harmful effects.8° The
purpose of this study was to assess the effects of ethanol
vapour inhalation on heart chambers of chick embryos.

Materials and Methods

The experimental study was conducted at College of
Physicians and Surgeons Pakistan's, Regional Centre in
Islamabad from January to October, 2007. A total of 180
Desi (South Asian home-breed) Chicken (Gallus gallus
domesticus) eggs collected from the Poultry Research
Institute, Rawalpindi, were equally divided into control
group 'A" and experimental group 'B. Each group was
further divided into 3 equal sub-groups; 1,2 and 3 based on
the day of the sacrifice. Sub-group 1 was sacrifised at day 7,
sub-group 2 at day 10 and sub-group 3 on hatching or day
22 whichever was earlier. Experimental sub-group B1 was
exposed to ethanol vapours from day 1 to day 6; sub-group
B2 was exposed from day 1 to day 9 and sub-group B3 was
also exposed to ethanol vapours from day 1 to day 9. The
eggs which were from diseased mothers, cracked or stored
in the refrigerator were excluded from the study.

Ethanol vapours were produced in a glass chamber
containing ethanol in liquid form into which air was
pumped with the help of an airpump. In line with
literature, vapours produced were transmitted to the
incubator where eggs were placed and the level of
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ethanol vapours in the incubator was monitored with the
help of a breathalyzer.10-12 Concentration of ethanol in the
incubator was maintained in the range of 0.75mg/I to
1.5mg/l. This particular concentration of ethanol vapours
was not toxic for the chick embryos as far as their survival
was concerned, but at the same time it had some adverse
effect on their normal growth. This dose was determined
with the help of a preliminary project.

Chick embryos were taken out from their shells on the
respective days of sacrifice and stored in phosphate-
buffered formalin. Chick hearts were taken out through
dissection of the anterior thoracic wall. The heart of the
hatched chicks was measured. Length was measured from
ascending aorta to the apex of the heart, while width was
measured at the level of atrioventricular junction.

The hearts were processed for paraffin embedding and
serial sections of heart were taken from the frontal plane
to measure chambers. The sections were stained with
haematoxylin and eosin.

Diameter of left atrial cavity was measured by taking the
maximum transverse diameter of the cavity between left
atrial wall and interatrial septum. Diameter of right atrial
cavity was measured by taking the maximum transverse
diameter of the cavity between right atrial wall and
interatrial septum. Diameter of left ventricular cavity was
measured by taking the maximum transverse diameter of
the cavity between the left ventricular wall and
interventricular septum. Diameter of right ventricular
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cavity was measured by taking the maximum transverse
diameter of the cavity between the right ventricular wall
and interventricular septum.

The data obtained was analysed using SPSS 10. Student T-
test was applied to the quantitative data and p value of
less than or equal to 0.05 was considered significant.

Results
The heart length and width of the experimental group B3

Figure-1: Day 7 control chick heart showing two cusps of left atrioventricular valve (1),
interatrial septum (IAS), interventricular septum (IVS), right atrioventricular valve (2),
left atrium (LA), right atrium (RA ) left ventricle (LV ) and right ventricle (RV) (Low
magnification-4x) Haematoxylin and Eosin staining.

Table-1: Heart lengths, heart widths and diameter of atrial and ventricular cavities of newly hatched chick hearts of control sub-group A3 and alcohol exposed sub-group B3.

Parametre Number of chicks Mean=+SE p-value difference
AA3 BB3 A3 B3
Heart length(cm) 30 21 0.653+0.012 0.685+0.015 p<0.111
Heart width(cm) 30 21 0.839+0.011 0.942+0.021 p<0.000*
Diameter of left atrium(pm) 330 21 2098.044+78.725 2408.560+132.125 p<0.037*
Diameter of right atrium(um) 330 220 2960.353+99.211 3199.311+216.695 p<0.270
Diameter of left ventricle(um) 330 221 2070.805+77.937 1868.103+103.957 p<0.118
Diameter of right ventricle(um) 330 221 1554.094+60.659 1666.185+81.628 p<0.266

*=Significant. SE= Standard Error of the Mean.

Table-2:Diameter of atrial and ventricular cavities of day 7 control heart (A1) and day 7 alcohol exposed heart (B1).

Parametre Number of embryos Mean=SE p-value of difference
AA1 BB1 A B1

Diameter of left atrium(pm) 330 229 551.333+£22.144 596.896+29.147 p<0.216

Diameter of right atrium(um) 330 229 839.25+41.081 925.258+38.363 p<0.132

Diameter of left ventricle(um) 330 229 570.916+21.219 584.137+19.570 p<0.649

Diameter of right ventricle(um) 330 229 500.833+26.332 569.224+25.974 p<0.07

SE = Standard Error of the Mean.
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Table-3: Diameter of atrial and ventricular cavities of day 10 control heart (A2) and day 10 alcohol exposed heart (B2).

Parametre Number of embryos Mean=SE p-value of difference
A2 B2 A2 B2

Diameter of left atrium (um) 229 23 906.37+43.08 972.045+47.387 p<0.313

Diameter of right atrium(um) 229 223 1141.55£41.13 1343.409+51.382 p<0.004*

Diameter of left ventricle (ym) 229 23 760.68+23.95 804.772+58.048 p<0.447

Diameter of right ventricle (um) 229 223 680.68+29.24 904.090+30.452 p<0.000*

*= Significant. SE= Standard Error of the Mean.

Figure-2: Day 10 control chick heart showing two cusps of left atrioventricular valve
(1), interatrial septum (IAS), interventricular septum (IVS), right atrioventricular valve
(2), left atrium (LA), right atrium (RA ) left ventricle (LV ) and right ventricle (RV) (low
magnification - 4x) Hematoxylin and Eosin staining.

I L B TR

Figure-3: Chick heart at hatching showing muscular flap of right atrioventricular valve
(1), right atrium (RA ), and right ventricle (RV) Low Magnification -4x Haematoxylin
and Eosin staining.
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Figure-4: Control chick heart on hatching showing left ventricle (LV), left atrium (LA),
and 2 cusps of left atrioventricular valve (1). . .Low Magnification 4x. Haematoxylin and
Eosin staining.

was significantly more than that of control group A3
(p<0.001) (Table-1).

The diameter of atrial cavities of B1 was more than that of
A1 (Figure-1). However, this difference was not statistically
significant (Table-2). The diameter of ventricular cavities
of B1 was more than that of A1, but the difference was
again not statistically significant.

The diameter of left atrial and left ventricular cavity was
more in B2 than that of A2 (Figure-2). However, the
difference was not statistically significant. The diameter
of right atrial and right ventricular cavity was
significantly more in B2 than that of control group A2
(Table-3).

The diameter of left atrial cavity was significantly more in
B3 than that of A3. The diameter of right atrial and right
ventricular cavity was more in B3 than A3, but this
difference was statistically not significant. The diameter of
left ventricular cavity was more in A3 than that of
experimental group B3, but the difference was not
statistically significant. (Figures-3, 4).
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Discussion

The length and width of newly-hatched chick heart
showed that the experimental group B3 had significant
cardiomegaly compared to control group A3.
Organomegaly has been seen in researches done on
chronic alcoholic drinkers.’3 This study shows that even
alcohol inhalation can lead to this condition.

At day 7, the chick embryos in the experimental group
showed an increase in diameter of all the four
chambers of the heart compared to the chick embryos
in the control group. However, this result was not
statistically significant. The increase in diameter of all
the heart chambers represents a form of dilated
cardiomyopathy. Since, in the present study, the sole
cause of dilatation in heart chambers was alcohol, it
can be labelled as alcoholic cardiomyopathy. Catherine
et all gave 20% ethanol in drinking water to adult
chickens of two months' age.' They specifically
studied left ventricle through echocardiography and
histopathology. They found that the chickens
developed left ventricle dilatation and left ventricular
dysfunction. Another research done on a mice model
showed that ethanol's metabolite acetaldehyde
reduces myocardial contractility, disrupts
mitochondrial function and produces apoptosis, all
leading to myocardial damage and cardiac
dysfunction.'> Cardiac dysfunction leads to decreased
heart pumping, volume overload and eventually
cardiac dilatation.

The diameter of left atrial and left ventricular cavity was
more in experimental group B2 than that of control
group A2, but, the difference was not statistically
significant. The diameter of right atrial and right
ventricular cavity was significantly more in experimental
group B2 than that of control group A2. These findings
were similar to the findings seen at day 7. The diameter of
all the cavities was more in the day 10 experimental
group than that of day 10 control group, presenting a
form of dilated cardiomyopathy due to alcohol. Alcoholic
cardiomyopathy accounts for 33% of all dilated
cardiomyopathies. It is manifested by cardiomegaly,
cardiac  hypertrophy, compromised ventricular
contractility and cardiac output.’® In another study done
by Cheng et al, it was seen that chronic alcohol
consumption causes inhibition of myocyte contraction
and relaxation and dysfunctional calcium regulation
leading to the development of alcoholic
cardiomyopathy.1”

The diameter of all the cavities was more in
experimental group B3 than that of control group A3
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except the diameter of left ventricular cavity which was
more in the control group. This shows a persistence of
dilatation in experimental hearts as compared to the
controls except the left ventricle. One of the possible
causes of dilated cardiomyopathy is the damage done to
the developing heart due to alcohol exposure during the
initial 10 days of incubation. Alcohol decreases ejection
volumes and increases end systolic volume, resulting in
volume overload and cardiac dilatation.' Experimental
studies show that alcohol and its metabolite
acetaldehyde can disrupt myocardium by decreasing
myocardial protein synthesis and cellular apoptosis.'8
Uchenna et al found that a 39-year-old female after
alcohol intake in fertility potions for 8 years developed
dilated cardiac chambers.?

Left ventricle was not dilated in experimental hearts on
hatching. This could be attributed to ethanol withdrawal.
Chick embryos were exposed to alcohol vapours till day
10 after which alcohol was withdrawn. Ethanol
withdrawal causes improvement of left ventricular
systolic and diastolic functions. Earlier ethanol withdrawal
in subjects with marked alcoholic dilated cardiomyopathy
show improvement in left ventricular systolic function
and symptoms of heart failure.’ That is why ethanol
withdrawal at day 10 could be a cause of decreased left
ventricular diameter in this study, indicating that there
might be an improvement in its function. Another
possibility could be increased ventricular wall
hypertrophy which could have decreased the diameter of
the chamber since alcohol damage induces
cardiomyocyte hypertrophy seen in previous researches
after alcohol drinking.14:20

Conclusion

Alcohol vapour inhalation during heart development
causes cardiomegaly and cardiac chamber dilatation,
resulting in dilated cardiomyopathy.
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