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Introduction

Multiple pathways are involved in development of
genomic instability (Limoli et al., 1997). Gene mutation,
altered DNA repair capacity, chromosomal aberrations and
cellular transformation are features of genomic instability
(Morgan et al., 1996). Aberrantly expressed mutated genes
may provide impetus towards cellular transformation
leading to development of malignant growth. These pre-
clinical genomic abnormalities are useful biomarkers for
detecting pre-neoplasia. Single cell gel electrophoresis
(comet assay) has been introduced to human bio-
monitoring as a useful test for assessment of genetic
damage in exposed population (Heepchantree et al., 2006;
Valvarde et al., 1999). Various kinds of DNA alterations
can be detected by Comet assay such as double strand
breaks, single strand breaks, alkali-labile sites, incomplete
repair sites and cross-links (Tice et al., 2000). This method
is sensitive, simple, and economic, can be applied to
proliferating cells, such as nasal and buccal tissues that
are exposed directly to the mutagenic and carcinogenic
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Abstract

Black tea is more widely consumed than green tea worldwide, particularly in India.  Therefore, it is necessary
to focus attention on black tea with respect to its health promoting and anti-cancer actions. In order to establish
the concept that black tea is a potential candidate for cancer prevention, it is important to provide epidemiological
evidence derived from investigations of human populations. In view of this, the objective of the present study
was to determine the correlation between nature of black tea consumption and DNA damage in normal subjects
with or without tobacco habit and oral cancer patients, taking the latter as positive controls. Much experimental
evidence points to associations between tobacco habit and HPV 16 and HPV 18 (Human Papilloma virus) infection.
But no studies have taken into account the possible confounding effect of black tea consumption on DNA damage
along with HPV infection. A pilot study was therefore undertaken. Comet assay was used to evaluate the DNA
damage among normal subjects including tobacco users (n = 86), non-tobacco users (n = 45) and Oral cancer
patients (n = 37). Percentage of damaged cells was scored in the buccal squamous cells of all subjects mentioned
above. HPV analysis was performed on 79 samples (including 37 oral cancer patients). The evaluation of various
confounding factors like age, tenure of tobacco habit and tea habit showed significant associations with DNA
damage. The observations strongly indicate that regular intake of black tea at least above four cups can reduce
tobacco associated DNA damage among normal tobacco users. HPV prevalence was not seen to be associated
with age, tenure of tobacco habit or the tea drinking habit.
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substances (Heepchantree et al., 2006).
Tea (Camellia sinensis)- a widely consumed beverage

worldwide has been shown to possess many health
protective properties including chemoprevention of
cancer. This is attributed largely to the presence of the
polyphenolic compounds in tea (Dreosti et al., 1997). Tea
consumption is associated with health beneficial effect
due to its antioxidative property (Wiseman et al., 1997;
Rice-Evans, 1999). Our previous studies had explored the
influence of black tea and its principal components viz.
EGCG, ECG and Theaflavin in experimental
carcinogenesis models. It was revealed that they could
protect from or restrict progression of carcinogenesis on
skin, colon and lung in mouse and rat (Saha and Das,
2002; Sengupta et al., 2003; Banerjee et al., 2006).

The present report furnishes our preliminary
observations on the effect of tea drinking on tobacco
associated DNA damage of buccal squamous epithelial
cells in normal subjects. The role of tea habit on HPV
prevalence in human buccal mucosa which is associated
with oral cancer was also assessed.
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Materials and Methods

Studied population
The population studied comprised 168 samples

(tobacco users 86, non-tobacco users 45 and oral cancer
patients 37). Prior to the study all subjects gave informed
consent in project participation. Oral cancer patients who
had medical treatment or radiotherapy were excluded .
Studied subjects were interviewed using a questionnaire
to survey possible confounding factors.

Sample collection
Buccal squamous cells were collected from subjects

by oral brushing. Prior to brushing subjects were made to
wash their mouth with normal saline (0.9% NaCl solution)
to avoid the interference of mucus. Collected samples were
taken in cold phosphate buffer saline (PBS) and cells were
allowed to pellet down the cells were resuspended in 300µl
PBS and 50µl of cell suspension were taken for comet
assay. Rest of the cell suspension was spun down and the
pellet was stored at -20°C for HPV detection.

Alkaline single cell gel electrophoresis (Comet assay)
Comet assay was performed under alkaline conditions

by using a standard protocol (Singh et al., 1988) with some
modifications. Cells were embedded in low melting point
agarose on glass slide precoated with 1% normal agarose.
After solidification of gel the slide was submerged into
cool lysis solution [2.5M NaCl, 100mM EDTA, 10mM
Tris (pH 10.0), 1% LSS lauryl sarcosine sodium salt to
which 10% DMSO, 1% Triton X-100 were freshly added]
and kept overnight at 4°C. The slides were then placed on
the horizontal electrophoresis unit filled with freshly
prepared alkaline electrophoresis buffer (300 mM NaOH,
1 mM EDTA, pH 13) for 30 min and then subjected to
electrophoresis at 25V/300mA for 40 min. After
electrophoresis the slides were neutralized for ~60 min in
0.4 M Tris/HCl, pH 7.5 on ice, followed by staining in
ethidium bromide (stock concentration 25µg/ml in
distilled water) and mounting on glycerol. All steps were
performed on ice to prevent the removal of thin agarose
gel layer from the slide. DNA damage was scored using
fluorescence microscopy (see Figure 1).

DNA damage analysis
Slides were examined at 100x and 400x magnification

using a fluorescence microscope (Nikon) using 515-560
nm excitation filters (figure). DNA damage is represented
as percentage data [(Number of damaged cells/total
number of cells) x100].

DNA Isolation for HPV Detection
High molecular weight genomic DNA was extracted

from squamous cell pellets (previously obtained) by
proteinase K digestion followed by phenol-chloroform
extraction using standard protocol (Sambrook et al., 1989).
The presence of HPV in the DNA samples was detected
by PCR using primers from the consensus L1 region.
Typing of HPV (16/18) in the L1 positive samples was
done by PCR using specific primers from the E6 region
of HPV 16 and the E7 region of HPV18.  The PCR

products were electrophoresed on 2% agarose gel, stained
with ethidium bromide, visualized under ultraviolet light.
For final confirmation of the HPV types, after gel
electrophoresis the PCR products were transferred on to
nylon membrane for Southern hybridization with [32P]
labeled HPV type specific probes. DNA from HPV type
specific plasmids was used as positive control.

Statistical Analysis
Statistical analyses performed in the present study

include T-test of unequal variance, chi-square test and
multivariate analysis.

Results

Sample collection by oral brushing usually produces
heterogeneous mixtures of cells, including squamous cells
and leukocytes (Osswald et al. 2003; Nicole  et al. 2006).
In this study, particular emphasis was given to buccal
squamous cells. Buccal cells are large size, and have non-
granular cytoplasm, centerline located nucleus and a large
cytoplasm-to-nucleus ratio. Patient samples were usually
loaded with blood lymphocytes. These cells were also
scored with squamous cells. The preliminary information
revealed from this study was, significant differences in
DNA damage were noted in normal subjects with or
without tobacco habit.

Table 1. General Characteristics of the Subjects

                       Tobacco Non-tobacco  Cancer
                          Users        Users       Patients

Total 86 45 37
Age < 40 yrs 32 23   1

≥ 40 yrs. 54 22 36
Sex Male 84 31 31

Female   2 14   6
Religion Hindu 85 45 33

Muslim   1  -   4
Occupation Student 10 15   -

Service 43 10   1
Business 14   4   1
Daily labour   7   1 10
Cultivation   -   - 11
Sweeper   3   1   -
Retired   9   8 10
Housewife   -   6   3
Bus Conductor   -   -   1

Tobacco Non-smoker   - 45   5
Betel nut   3   -   4
Occasional   5   - -
< 5 cigs/day 38   -   1
> 10 cigs/day 21 - 17
Bidi/cigarettes 21 -   9
Chewing Tobacco 12 -   -
Ex-Smoker   6 -   1

Period < 30 yrs. 41 -   7
≥ 30 yrs. 45 - 30

Tea habit No tea habit   7 14 11
< 4 cups/day 32 17 16
≥ 4 cups/day 47 14 10

HPV* HPV Positive   5   1 12
HPV Negative 31   5 25

* Total evaluated was 42??
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Studied population
General characteristics of studied samples are

summarized in Table 1. The age ranges were 15-80 years
in both tobacco user and non-tobacco user groups with an
average (mean ± SD) of 43.9 ± 13.21 and 40.6 ± 16.21 yr,
respectively. All the 12 cases (comet assay performed on
12 patient subjects) were above 40 years. Among tobacco
users, non-tobacco users and patients 98%, 69% and 84%
of the subjects were male respectively. All except four
subjects in the three groups were Hindu. Samples were
collected from subjects with different occupations. In case
of healthy tobacco users 50% of the subjects were
serviceman. Among non-tobacco (normal) users almost
50% were students, whereas cancer patients were mainly
farmers and daily laborers.

According to smoking habit of collected subjects, 44%
(maximum) of the healthy tobacco users smoked less than
5 cigarettes per day. In case of cancer patients, 46%
(maximum) smoked more than 10 bidis per day. Tenure
of tobacco habit was more than 30 years in 81% of patients.
Among healthy tobacco users the number of subjects was
almost equal in both groups of tobacco habit i.e. above
and below 30 years of tobacco use. Among normal
subjects, 55% of tobacco users and 31 % of non-tobacco
users consumed more than 4 cups of tea per day. In case
of oral cancer patients only 27 % take more than 4 cups
of tea per day. About 32% of the oral cancer patients were
HPV positive. This number was 14% in case of normal
subjects.

Association of DNA damage with different factors
The average (mean ± SD) percentages of DNA damage

of all three groups are summarized in Table 2. There was
significant difference (p value 0.0002) in DNA damage
between tobacco users and non-tobacco users. As shown
in (Table 3A) DNA damage among nonsmoker subjects
in the ≥ 40 yrs age group was significantly high. No

significant association was noted in between DNA damage
in < 30 yrs and ≥ 30 years of tenure of tobacco habit. It is
interesting to note that high tea intake (≥ 4 cups per day)
was significantly associated with lower DNA damage
among tobacco users, in ≥ 40 yrs. age group.

In case of oral cancer patients comparatively high
frequency of DNA damage (8 - 40%) was observed. No
association was seen between tea intake and DNA damage
among cancer patients.  Multivariate analysis of samples
(normal and patients) for DNA damage by comet assay
revealed that the increase in DNA damage was
significantly associated with increase in age and tenure
of tobacco habit. Reduced DNA damage was found to be
significantly associated with increase in tea intake (Table
3B). Multivariate analysis of only normal subjects showed
significant association between increase in DNA damage
and tenure of tobacco habit (Table 3B) and inverse
correlation between tea habit and DNA damage.

Association of HPV detection with different factors among
normal population

The population studied comprised of total 79 samples
(including 37 oral cancer patients). It was evident that
about 14% (6/42) of the normal subjects were HPV
positive compared to the 32% (11/37) of the cancer
patients (Table 1). No significant correlation was seen
between HPV prevalence and DNA damage. Furthermore,
HPV prevalence was not seen to be associated with age,
tenure of tobacco habit or tea habit (data not shown).

Table 2. Percentage of Cases with  DNA Damage

   Tobacco Users     Non-tobacco Users    Oral cancer patients

     7.10 ± 3.65              4.56 ± 2.68          19.1 ± 9.14

Date are mean ± SD values

Table 3A. Effect of Different Factors on DNA Damage
in Normal Subjects

Factors   Tobacco Users Non-tobacco Users
         DNA damage  p Value   DNA damage   p Value

Age
< 40 Yrs 6.23 ± 4.15 0.11 3.35 ± 2.71 0.005
≥ 40 Yrs 7.61 ± 3.25 5.65 ± 2.18

Period of tobacco use
< 30 Yrs 6.44 ± 3.84 0.11 - -
≥ 30 Yrs 7.70 ± 3.40 -

Tea habit in <40 yrs age group
<4cups/day 7.52 ± 4.89 0.09 3.28 ± 2.82 0.647
≥4cups/day 4.95 ± 2.87 3.99 ± 1.61

Tea habit in ≥ 40 yrs age group
<4cups/day 9.52 ± 3.34 0.0002 5.55 ± 2.97 0.811
≥4cups/day 6.20 ± 2.78 5.76 ± 1.06

Table 3B.  P-Value Results of Multivariate Analysis
using SPSS Software

Independent         All subjects       Normal subjects
variables     only

Age 0.009  * 0.279  *
Period of tobacco use 0.025 * 0.001 *
Tea habit 0.001 ** 0.001 **

Dependent variable: Percentage DNA damage.*   Positively
correlated ** Negatively correlated

Figure 1.Comet Assay Results  A. Normal buccal
squamous epithelial cell with intact nucleus and prominent
cell architecture. B and C, Fragmented DNA of squamous
epithelial cells by Comet assay from oral cancer patient
and normal tobacco user respectively
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Discussion

The anti-carcinogenic action of tea and its components
has been repeatedly demonstrated by many laboratories,
studies including our own. Most of the earlier studies were
focused on green tea. However it was reported that the
total amount of tea produced and consumed in the world,
78% is black tea which is primarily consumed in our
country and many European countries (Katiyar and
Mukhtar, 1966). Hence our group has concentrated on
understanding the anti-carcinogenic action and cancer
chemopreventive role of black tea.

The present pilot study was an attempt to explore the
association between black tea consumption with tobacco
habit and HPV prevalence- both identified as etiological
factors in many human cancers. DNA damage in cells
collected by oral brushing in normal subjects (131 cases)
were determined by single cell gel electrophoresis (comet
assay), which forms a useful biomarker, among men and
women with or without tobacco habit. Selected samples
were analyzed for presence of HPV 16 and 18. The
possible confounding effect of black tea consumption on
DNA damage and presence of HPV were assessed. A few
oral cancer patients (37 cases) were also included in the
study for comparison.

The frequency of DNA damage and HPV infection
was comparatively high in oral cancer patients than the
normal subjects. Significant association has been seen
between the extent of DNA damage and age of the subjects
as well as tenure of tobacco habit. It is interesting to note
a significant inverse correlation between DNA damage
and tea habit, indicating a protective role of black tea.
No correlation was observed between HPV infection and
tea habit. More samples should be analyzed in this regard.
The significantly lower percent of DNA damage in
subjects with tobacco habit consuming over 4 cups of tea
per day than those recorded with lower tea intake; imply
tea drinking may protect tobacco users from associated
DNA damage that may eventually lead to development
of cancer. This finding support in the report of Weisburger
(1999) who had suggested the health protective role of
tea drinking. Only further studies will reveal whether black
tea can be recommended for prevention of human cancers.
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