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ARTICLE INFO Abstract

Introduction: Ethanol is the principal ingredient of alcoholic beverages and 
Acetaldehyde, a metabolite of ethanol plays an important role in ethanol toxicity by cross 
linking the DNA and thus leading to DNA damage. Comet Assay was performed to assess 
DNA damage among users of Alcohol. 

Method: Buccal epithelial cells were taken from 50 users of Alcohol and 25 control 
subjects were taken and Comet Assay was performed to assess possible DNA damage. 

Result: Increase in the comet tail length implicated DNA damage in users of Alcohol 
as compared to the control subjects. 

Conclusion: This study demonstrated DNA damage among users of Alcohol leading 
to the development of oral cancer.
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Introduction
Ethanol is the principal ingredient of alcoholic beverages. 

Ethanol is classified as group I (human carcinogen) by International 
Agency for Research on Cancer (IARC). Ethanol genotoxicity 
can contribute to cell death [1]. DNA damage plays an important 
role in neurotoxicity, carcinogenicity or congenital anomalies 
induced by ethanol. Acetaldehyde, a metabolite of ethanol plays 
an important role in ethanol toxicity by cross linking the DNA and 
thus leading to DNA damage. Acetaldehyde has been proposed as 
the carcinogenic agent behind ethanol-related oral cancers [2]. 
Acetaldehyde is the main and primary metabolite of ethanol. It is 
a highly reactive compound that can react with amino groups of 
proteins. The interaction of acetaldehyde with DNA bases produces 
a variety of adducts with the most prevalent of these being N2-
ethyl-deoxyguanosine [3]. Chronic alcohol consumption leads to 
the development of cancer of the upper gastrointestinal tract, liver,  

 
colorectum and female breast [4,5]. At the hepatic level, nuclear 
and mitochondrial DNA strand-break formation was demonstrated 
[6,7] as well as DNA adducts formation [8,9]. The most common 
assumption is that the free radical generation plays an important 
role in the genotoxicity of ethanol [10,11]. There is a balance 
between endogenous oxidants and antioxidants maintained under 
physiological conditions. The excessive generation of oxidants or 
a decrease of antioxidants causes an imbalance and the abnormal 
oxidant system then reaches to the level of oxidative stress [12]. 
The interaction of Reactive Oxygen Species with DNA can cause 
a significant DNA damage. DNA repair mechanism plays an 
important role in the maintenance of DNA integrity and prevention 
of cancer. If DNA remains unrepaired, it will lead to mutagenesis, 
genetic instability and ultimately cell death leading to genotoxicity 
and cytotoxicity and utilmately to the development of cancer. The 
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assessment of DNA damage at individual cell level can be performed 
through the application of potential, fluorescent microscopic 
technique such as the Single Cell Gel Electrophoresis also known 
as the “COMET ASSAY”. Damaged DNA appears as a tail, whereas 
undamaged DNA present itself in the comet head [13,14]. Comet tail 
length is measured to assess the DNA damage i.e. more the length 
of the tail more is the DNA damage15. Buccal epithelial cells are 
an alternative for lymphocytes which are withdrawn from human 
blood and is the least invasive method as they are collected by a 
gentle scraping of the lining of the cheek of the mouth and buccal 
mucosa is the first site of epithelial contact with alcohol. This makes 
a buccal cell comet assay model a very potential and effective tool 
for investigating in vitro and in vivo effects on DNA damage. 

Materials and Methods
The study comprises of samples taken from 75 subjects 

(50 Alcohol users and 25 control subjects). The samples were 
taken from the Department of Oral and Maxillofacial Pathology & 
Microbiology, Santosh Dental College, Ghaziabad and Dr. Ziauddin 
Ahmad Dental College & Hospital, Aligarh Muslim University, 
Aligarh, UP. Complete history of oral habits was recorded from each 
subject before taking the sample. The samples were assessed for 
the extent of DNA damage using Comet Assay also known as Single 
Cell Gel Electrophoresis (SCGE).

Materials

a)	 Phosphate Buffered Saline medium (PBS)

b)	 Agarose Gel

c)	 0.25% Trypsin Solution

d)	 10% Dimethyl Sulfoxide (DMSO)

e)	 10mM Trizma Hydrochloride (Tris-HCL) Base

f)	 M Ethylene Diamine Tetra Acetic Acid (EDTA)

g)	 2.5M Sodium Chloride (NaCL)

h)	 300mM Sodium Hydroxide (NaOH)

Method

Buccal epithelial cells were collected from subjects by using 
a soft bristle toothbrush gently from the oral mucosa. The brush 
was then swirled into a tube containing cold phosphate buffered 
Saline medium (PBS) and centrifuged at 2000rpm for 10min. The 
supernatant was removed and 300µl of trypsin solution was added 
to the buccal cells and incubated for 30min. at 37°C. The cells 
were centrifuged, and the supernatant was discarded. About 40µl 
of cell suspension and 60µl of 0.5% Low Melting Point Agarose 
(LMPA) were mixed and placed on frosted slides previously coated 
with 1% Normal Melting Point Agarose (NMPA). To the solidified 
agarose, a third layer of 1% low melting agarose was applied and 
the slides were dipped in freshly prepared cold lysing solution for 
24 hours. The slides were subjected to electrophoresis, followed by 
neutralization (0.4M Tris–HCl) and stained with ethidium bromide 
(20µg/ml). Three slides were prepared per individual and observed 
under a fluorescent microscope and analyzed for scoring comet tail 
length by using comet score 1.5 software. 

Results
(Figure 1- 3 and Table 1-3).

Table 1: Comet tail length in males.

Group N Age (Mean ± SE) Comet tail length (Mean ± SE)

Alcohol users 17 39.05 ± 1.5 23.04 ± 0.4*

Controls 9 34.00 ± 2.1 1.85 ± 0.9

Note: *p<0.05 (Significant with respect to controls)

Figure 1.
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Figure 2.

Figure 3.

Table 2: Comet tail length in females.

Group N Age (Mean ± SE) Comet tail length (Mean ± SE)

Alcohol users 19 30.50 ± 1.8 22.05 ± 0.6*

Controls 8 33.82 ± 2.1 2.01 ± 0.1

Note: *p<0.05 (Significant with respect to controls)

Table 3: Comet tail length in Males and Females combined.

Group N Age (Mean ± SE) Comet tail length (Mean ± SE)

Alcohol users 19 30.50 ± 1.8 22.05 ± 0.6*

Controls 8 33.82 ± 2.1 2.01 ± 0.1

*p<0.05 (Significant with respect to controls)

Statistical Analysis
The present study was conducted to assess the extent of DNA 

damage amongst Alcohol users. Mean Comet tail length of Alcohol 
users was measured. Mean Comet tail length was compared 
between control subjects and Alcohol users using t-test to analyze 
the results. All statistical analyses were done using SPSS®V8.2 
statistical software package and Statistica Soft Inc.

Discussion

Very few studies related to the genotoxic and cytotoxic effects of 
Alcohol have been conducted on buccal epithelial cells. Buccal cells 
were collected by gentle scraping of the lining of the cheek of the 
mouth. This makes a buccal cell comet assay model an attractive and 
potentially useful tool for investigating in vitro and in vivo effects 
on DNA damage caused by the consumption of Alcoholic beverages 
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[15-18]. The most obvious line of explanation that alcohol intake 
can lead to DNA damage is the positive association between alcohol 
intake and development of oropharyngeal cancer. Prolonged 
alcohol intake is positively associated with increased risk of several 
types of cancers, including cancer of the liver and digestive tract. 
The association of alcohol intake with cancer strongly suggests 
that in some manner prolonged alcohol consumption can result in 
changes in the sequence of genomic DNA [19-21]. Chronic alcohol 
consumption and metabolism result in the generation of several 
classes of DNA damaging molecules, including reactive oxygen 
species (ROS), lipid peroxidation products, and acetaldehyde 
[22,23]. Blasiak et al. [11] studied the influence of ethanol and 
acetaldehyde on DNA in human lymphocytes, gastric mucosa and 
colonic mucosa by Comet Assay and deduced that colonic mucosa 
cells showed the highest sensitivity of all cell types to ethanol 
than lymphocytes and gastric mucosa cells [22]. There were no 
differences in the sensitivity to acetaldehyde of all the cell types. 
This clearly indicated that ethanol and acetaldehyde can contribute 
to cancers of the digestive tract whereas in our study we studied 
the effect of Alcohol intake on buccal epithelial cells and showed an 
increased Comet Tail length by using the novel technique of Comet 
Assay indicating the risk of development of oral cancer. Our study is 
one of the fewer studies to demonstrate DNA damage due to Alcohol 
use in buccal epithelial cells ,earlier, Singh et al. [19] conducted an 
experiment which was the first one to demonstrate induction of 
DNA single-strand breaks after the consumption of Alcohol, but in 
rat brain cells and not buccal epithelial cells.

Conclusion
The present study demonstrates a considerable amount of DNA 

damage in buccal epithelial cells of users of alcohol by using the 
novel technique of Comet Assay which leads to the development of 
oral cancer and thus the confirmation of consumption of alcohol 
as an etiologic agent in the development and progression of oral 
carcinomas. This study also confirms that Comet Assay can be a 
successful and pre-diagnostic technique in the early detection of 
oral cancers among users of alcoholic beverages.
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