
Abstract 
Background/Objectives: To understand the genotoxicity and cytotoxicity potentials in tobacco-chewing habitues from 
coastal Andhra Population. Place and Duration of Study: Translational Research Institute of Molecular Sciences, between 
October 2013 to October 2014. Methods/Statistical Analysis: Present study was carried out using 35 individuals (28 men, 
7 women; age range 25-56 years) who are having a habit of chewing tobacco from 5-20 years were tested along with 35 
controls with same age group. Samples were cultured and stained with Hoechst 3325. Scored chromosomal abnormalities, 
SCE’s, CPK and MI using statistical evaluations. Results/Findings: In this study we have scored the numerical and 
structural abnormalities, Mitotic Index (MI), Cell Proliferation Kinetics (CPK) and Sister Chromatid Exchanges (SCE’s) of 
the presented samples have been calculated. Although significant numerical aberration observed, structural abnormalities 
were notably seen in a few cases. When compared with controls tobacco-chewing habitués does increase induced significant 
mito depression. Our data reveals that samples CPK values were remarkably decreased when compared to control value. 
Conclusion/Application: The demonstration of chromosomal damage in lymphocytes from tobacco chewing habitues 
strongly indicates that tobacco should be categorized as a human carcinogen and major risk factor for oral, throat and 
pharynx cancers. 
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1. Introduction
Smokeless tobacco is the cheapest, least taxed and most 
commonly used tobacco products in India. They are 
highly addictive and high in carcinogens. They cause a 
broad spectrum of diseases; yet awareness about their 
ill-effects is low. Smokeless tobacco products containing 
areca nut, e.g. gutka and mawa, are especially addictive 
and carcinogenic. Smokeless tobacco is used in almost 
one-third of households in rural areas whereas almost 
one-sixth of households in urban areas. Smokeless 
Tobacco may refer to Dipping tobacco (a type of tobacco 
that is placed between the lower or upper lip and gums), 
Chewing Tobacco (a type of tobacco that is chewed), 

Snuff (a type of tobacco that is inhaled or "snuffed" 
through the nose), Snus (a Swedish product similar to 
dipping tobacco), Creamy snuff (a fluid tobacco mixture 
marketed as a dental hygiene aid, albeit used for recre-
ation). Chewing tobacco increases the risk of oral cancers, 
throat and pharynx cancers1–3. Chemicals have been rec-
ognized as etiologic factors in human carcinogenesis 
since the 18th century observations of the scrotal carci-
nogenicity of soot in chimney sweepers by Sir Percival 
Pott4. Exposure to environmental carcinogens can induce 
DNA lesions; elicit infidelity of DNA repair, and cause the 
instability phenomenon, and subsequent consequences 
as e.g., chromosomal breakage syndromes and neoplastic 
diseases5. Chromosomal breakage syndromes are since
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the environmental chemical exposure level continuously 
increases with the increasing number of existing and 
commercially available chemicals6. Tobacco has addic-
tive properties due to the presence of nicotine which 
causes signs of dependence of tolerance in the consuming 
adult. The extent and increasingly speed of the tobacco 
addictions are believed to be directly proportional to 
the biological strength of nicotine addiction. Follow-up 
investigation of the frequency of structural and numeri-
cal Chromosome Aberrations (CA) and Sister-Chromatid 
Exchanges (SCE) in peripheral blood lymphocytes 
of Costal Andhra tobacco chewing habitues (Gutkha 
and Pan) and control population with same age group. 

2. Material and Methods 

2.1 Materials
RPMI 1640 (GIBCO), PHA-phytohemagglutinin 
(GIBCO), Colchicine (Sigma), Mytomycin C, 0.75M 
KCl (Qualigens), Methanol (Qualigens), Glacial acetic 
acid (Qualigens), BrdU (Sigma), Hoechst 3325 (Sigma), 
Giemsa’s stain, Sorenson’s buffer, 2XSSC, Sterile slides, 
15mL conical bottom centrifuge tubes and glass droppers.

2.2 Methods
Sodium heparinized peripheral blood samples were col-
lected from 35 individuals (28 men (80%) and 7 women 
(20%), 25-55 age group) who are having a habit of chewing 
tobacco from 5-20 years were tested along with 35 con-
trols consisted of 28 healthy male (80%) and female (20%) 
aged 25-55 years with no history of exposure to clasto-
genic and/or aneugenic agents and of socio-economic 
level also similar to that of the experimental subjects. At 
the time of blood collection (3 ml/individual), the work-
ers signed a term of informed consent and replied to a 
questionnaire elaborated to determine the profile and 
habits of the study population. The study procedures 
used in the present study were approved by the local ethi-
cal committee. Peripheral blood samples were cultured 
using standard protocol. Sodium heparinized peripheral 
blood samples were cultured using RPMI 1640 complete 
medium, a mitogen phytohemagglutinin (PHA) and 
L-Glutamine.  Cultures were Incubated in 37°C incubator 
for 72 hrs.  At the end of the incubation the spindle fibre 
formation was arrested using colchicine an alkaloid was 
added and incubated for 30-40 min. centrifuged at 800g 

for 10 min. Hypotonic treatment was given with 0.75M 
KCl and incubated for 15-20 min. Centrifuged at 800g 
for 10 minutes. Fixative (3:1 ratio of methanol and ace-
tic acid) washes were given for 4-5 times. Prepared slides 
and scored MI in 1000 cells, CPK in 150 cells. Sister 
Chromatid Exchange assay was performed using the pro-
tocol of Anderson D7,8 and P.E Perry9–11 with some changes. 

2.2.1 Microscopic Evaluation

2.2.1.1 Chromosomal Aberrations (CA) 

Chromatid and chromosomal breaks and fragments 
were the most frequent chromosomal aberrations found. 
Results were expressed as percentage of aberrant cells.
Scoring of the all parameters including MI, CPK and SCE, 
is done using Upright Light Microscope as follows.  

2.2.1.2 Sister Chromatid Exchanges (SCE)

The frequency of SCE was observed in 35 differentially 
stained metaphases The SCE frequency including 
exchanges in the centromere was counted in M2 
metaphases.

2.2.1.3 Mitotic Index (MI)

MI is a measure for the proliferation status of a cell 
population. It is defined as the ratio between the number 
of cells in mitosis and the total number of cells. Mitotic 
index was calculated by using the formula:  

                                  No. of dividing cells  
Mitotic index =   --------------------------   X 100                              
                                   Total no. of cells

2.2.1.4 Cell Proliferation Kinetics (CPK)
Cell-cycle specific patterns were determined by Ml, M2, 
and M3 metaphases.  

CPK=    M1+2M2+3M3
             -------------------- 
                     100

2.2.1.5 Statistical Analysis 
Repeated measures of Analysis of Variance (ANOVA) 
were applied in the experiments performed for MI, CPK, 
CA and SCE. 
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3. Results 
The present study involves 35 samples of tobacco chewing 
population, have been tested for genotoxic and cytotoxic 
effects with 35 sample with same age groups from cos-
tal Andhra population. In this study we have studied the 
numerical and structural abnormalities of chromosomes 
have been scored (Figure 1). And also Mitotic Index (MI), 
Cell Proliferation Kinetics (CPK) and Sister Chromatid 
Exchanges (SCE’s) of the participating samples have 
been calculated (Figure 2). We observed more number of 
SCE’s in group A (chromosome 1 & 3), B(chromosome 
4 & 5), C(chromosome 11&12), E(chromosome 17) and 
G(chromosome 22). These SCE’s frequencies are signifi-
cantly different from the control population (Table 1). No 
significant numerical aberration has been observed. But 
structural abnormalities are very significantly seen in few 
cases. Genotoxicology monitoring including cytogenetic 
investigations has been performed in several control, and 
tobacco chewing human population as it is summarized 
on Table including the control data. 

Table shows Mitotic Index, CPK and SCE’s of cultures 
from the samples of tobacco chewing population. The 
mean value of MI of control is 5.1103 whereas samples 
Mitotic Index are 2.3089. When compared to control 
values tobacco chewing habitues samples does increase 
induced significant mito depression. The CPK value of 
control group is 0.4360 whereas sample’s CPK value is 
0.2880. Data reveals that sample CPK value was signifi-
cantly decreased when compared to control value.

Table 1. Mitotic index, CPK and SCE’s of cultures

CATEGORY
NUMBER

OF
SAMPLES

NUMBER OF
METAPHASES

SCORED/SAMPLE
MI CPK

SCE/CELL
Mean ± S.E

Controls 35 150
5.1103 +/- 

0.53567
0.4360 +/- 0.0359

5.5074 
+0.65919

MNC Induced 10 150
2.0021+/- 

0.5213
0.1875+/- 0.0034 23.35 ± 0.38*

Tobacco chewing 
habitués

35 150
2.3089 +/- 

0.5163
0.2880+/-0.0609

20.4309 
+2.3125*

P< 0.01*

Significant number of Sister Chromatid Exchanges (SCE’s) 
in tobacco chewing population cultures when compared 
to control culture (Figure 3). The mean Sister Chromatid 

Figure 1. Chromosomal breaks and gaps.

Figure 2. The metaphase from the Sample-3 showing more 
no. of SCEs and gaps.

Figure 3 showed more number of Sister Chromatid 
Exchanges in A (chromosome1 & 3) group, B 
(chromosome 4 & 5), C (chromosome 11&12),

Exchange frequency in control is 5.5074, whereas tobacco 
chewing population 20.4309 SCE’s per metaphase on an 
average. 
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E (chromosome 17) and G (chromosome 22) groups. 
These SCE’s frequencies are significantly different from 
the control population.

4. Discussion
In our study we have received surprising results. We 
found structural abnormalities, but no detectable levels 
of numerical abnormality. Table reveals the genetic dam-
age in tobacco chewing habitués. Chemical constituents 
in the tobacco leaf such as NNK and PAHs require meta-
bolic activation to exert their carcinogenic effects; there 
are competing detoxification pathways, and the balance 
between metabolic activation and detoxification dif-
fers among individuals and will affect cancer risk12–14. 
Statistical analysis indicates there is marginal increase or 
significant increase in chromosomal abnormality rates 
in observations. Significant number of Sister Chromatid 
Exchanges (SCE’s) in tobacco chewing population cul-
tures when compared to control culture. Chewing tobacco 
is highly addictive. In the duration of a half hour chew, 
the average smokeless tobacco user ingests an amount of 
nicotine which is equivalent to the amount in 4 cigarettes 
Chamberlain15. It would take nearly 60 cigarettes to equal 
the amount of nicotine in a single can of chewing tobacco. 
Our findings may indicate an emerging public health 
problem, since our subjects were young and adult have 
lesions that could be signs for increased risk of developing 
oral malignancies16,17.

5. Conclusion

Various studies showed that the tobacco chewing and 
tobacco smoking effects on bio molecule damage. In the 
present context we have under taken the study to assess 
the DNA damage using 35 peripheral blood samples 
from tobacco (Gutkha or Pan Paragh etc.)  chewing 
habitues for in vitro cultures. The present study provides 
the reproducible evidence regarding genotoxicity and 
cytotoxicity of tobacco consumption. The demonstration 
of chromosomal damage in lymphocytes from tobacco 
chewing habitues strongly indicates that tobacco should 
be categorized as a human carcinogen and major risk 
factor for oral cancer and throat and pharynx cancers. 
In view of these findings, the present study indicates that 
tobacco users should be considered a high risk group and 
need to be monitored for health hazards including cancer.  
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