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Cytotoxic effect of tobacco both 
available in literature. It is established that smokeless tobacco related tissue damage is related to 
reactive oxygen species production in oral cells, p
microsomes. In the present study, it is explored to compare the cytotoxic effects of three different 
tobacco samples and cyto
tobacco samples andcyto
viability of oral epithelial cells after incubating with different tobacco extract was noted in a 
concentration dependent manner. Viability noted with tobacc
increasing concentration, with tobacco 
Simultaneous treatment with plant extracts along with tobacco samples resulted in reduction in 
cytotoxic effect reflected as increase i
protective effect of plant extracts, but not to the level of untreated controls.
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INTRODUCTION 
 
Tobacco is a menace that has grabbed millions of people all 
over the world, cutting across the nation and social barriers. 
Tobacco was introduced into India by Portuguese traders in the 
late 16th or early 17th century. Since then tobacco use has 
spread with remarkable rapidity seeping into all sections of the 
society. In India, people consume tobacco in different forms. 
Use of smokeless tobacco in various forms particularly 
traditional betel quid chewing is one of the most popular 
tobacco habits among Indians (Yang and Wen, 1996). One of 
the commercial replacements for betel quid is 
tobacco along with other ingredients is dispensed in ready to 
use packets. 
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ABSTRACT 

Cytotoxic effect of tobacco both in vivo and in vitro is confirmed by a wealth of scientific evidences 
available in literature. It is established that smokeless tobacco related tissue damage is related to 
reactive oxygen species production in oral cells, peritoneal macrophages, hepatic mitochondria and 
microsomes. In the present study, it is explored to compare the cytotoxic effects of three different 
tobacco samples and cyto-protective effects of three different plant extracts. C
tobacco samples andcyto-protective effects of plant extracts, when analysed, a reduction in % cell 
viability of oral epithelial cells after incubating with different tobacco extract was noted in a 
concentration dependent manner. Viability noted with tobacco 
increasing concentration, with tobacco -2 was 75 to 32% and with tobacco
Simultaneous treatment with plant extracts along with tobacco samples resulted in reduction in 
cytotoxic effect reflected as increase in % viability than tobacco treatment alone, indicating the cyto
protective effect of plant extracts, but not to the level of untreated controls.

This is an open access article distributed under the Creative Commons
medium, provided the original work is properly cited. 

Tobacco is a menace that has grabbed millions of people all 
over the world, cutting across the nation and social barriers. 
Tobacco was introduced into India by Portuguese traders in the 

century. Since then tobacco use has 
spread with remarkable rapidity seeping into all sections of the 
society. In India, people consume tobacco in different forms. 
Use of smokeless tobacco in various forms particularly 

chewing is one of the most popular 
tobacco habits among Indians (Yang and Wen, 1996). One of 
the commercial replacements for betel quid is gutka, where 
tobacco along with other ingredients is dispensed in ready to 
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The packaging revolution has made tobacco products portable, 
cheap and convenient, with the added advan
shelf-life, making it highly popular among youngsters (
and Lalitha, 1989). Preparations of smokeless tobacco, 4
methyl-N-nitrosamino-1-(3-pyridyl)
nitrosonornicotinecause oxidative lesions leading to cytotoxic 
damage. These lesions may be attributable to nitric oxide and 
peroxynitrate through nitrosative damage. Cytotoxic effect of 
tobacco both in vivo and in vitro
scientific evidences available in literature. Two oral squamous 
cell carcinoma cell lines and normal human gingival epithelial 
cells were treated with cigarette smoke total particulate matter, 
smokeless tobacco extracted with complete artificial saliva, or 
whole-smoke conditioned media. When normalized to nicotine 
content, cytotoxicity for whole
total particulate matter was higher compared to that observed 
with smokeless tobacco extract(STE) while nicotine alone had 
no or only minimal cytotoxicity. This was mediated through 
activation of pro-apoptotic caspa
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is confirmed by a wealth of scientific evidences 
available in literature. It is established that smokeless tobacco related tissue damage is related to 

eritoneal macrophages, hepatic mitochondria and 
microsomes. In the present study, it is explored to compare the cytotoxic effects of three different 

protective effects of three different plant extracts. Cyto-toxicity induced by 
protective effects of plant extracts, when analysed, a reduction in % cell 

viability of oral epithelial cells after incubating with different tobacco extract was noted in a 
o -1 exposure was 73-52 % with 

2 was 75 to 32% and with tobacco-3 was 52 to 23%. 
Simultaneous treatment with plant extracts along with tobacco samples resulted in reduction in 

n % viability than tobacco treatment alone, indicating the cyto-
protective effect of plant extracts, but not to the level of untreated controls. 
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demonstrated differential responses of normal and malignant 
oral cells after exposure to different extracts (Honget al., 
2013). Electron microscopic study in liver tissue carried out by 
Bagchiet al., (1995) revealed an accumulation of indistinct 
filamentous material in the peri-sinusoidal spaces following 60 
days of treatment with STE, occupying most of the sinusoids 
which was confirmed as antibody against heat shock/stress 
protein by Western blot analysis.By their in vitro experiments 
Bagchiet al., (1996) also established that oral cells, peritoneal 
macrophages, hepatic mitochondria and microsomes produce 
reactive oxygen species (ROS) following in vitroincubation 
with STE and therefore, ST related tissue damage is related to 
ROS production. Smokeless tobacco (ST) extracts also found 
to be influencing the complement system particularly activate 
the alternative pathway and also some measure of classical 
pathway suggesting this may be a mechanism for initiating 
inflammation of the oral mucosa (Chang et al., 1998). A 
greater numbers of mitochondria in cells of ST-treated of the 
hyperplastic epithelia was noted in hamster cheek pouch 
(HCP) epithelium treated with ST than in the normal 
epithelium indicative of cytotoxic effect (Schwartz et al., 
2010).  
 
While analysing the possible transient disruptions in the cell 
membrane caused moist smokeless tobacco (MST), Joyce  et 
al., (2010) verified that MST-induced oral injury may result 
from a combined interaction of physical disruption of the 
plasma membrane by the tobacco material itself and the 
adverse effects of MST chemical constituents, notably high 
levels of calcium, that gain entry to the cell by way of MST-
induced cell wounding. An in vitro and clinical study on harm 
and harm reduction in smokeless tobacco users conducted by 
Wallstrom(2010) showed that smokeless tobacco extract 
caused a significant dose dependent inhibition of proliferation 
of spleen cells, T cells, epithelial cells, including Langerhans’ 
cells.A study on differential cellular/molecular responses of 
tobacco product preparations in short-term cell culture 
suggested that combustible tobacco product preparations 
induced higher cytotoxicity than STE, indicating that relative 
cytotoxic and other cell biological effects of tobacco product 
preparations are dose-dependent, and that ST extract is the 
least cytotoxic tobacco product preparations tested in this study 
(Arimilliet al., 2012). A study investigated the direct effect of 
reference moist STE exposure on the viability of MM6 
monocyte/macrophage cell line led to a significant and dose-
related decrease in cell viability which were inhibited by pre-
incubation with a pan-caspase inhibitor, suggesting that the 
observed STE toxicity was due to the induction of apoptosis. 
Further evaluation confirmed that apoptosis is induced in part; 
by reference STE-mediated osmotic stress (Lombard et al., 
2010). A dose-dependent induction of apoptosis that is 
mediated by nitric oxide by STE is reported (Mangipudyand 
Vishwanatha, 1999). In the present study, it is explored to 
compare the cytotoxic effects of three different tobacco 
samples and cyto-protective effects of three different plant 
extracts. 
 

MATERIALS AND METHODS 
 
Selection of tobacco samples and preparation of extract: 
Three tobacco samples were chosen for the present study, 
namely fresh leaves of tobacco collected from farm (tobacco 
sample-1), tobacco processed for traditional chewing (tobacco 
sample -2) and tobacco dispensed in commercial sachets 
(tobacco sample -3).  

Tobacco sample -1 was collected from farm where it is grown 
for commercial purpose while tobacco sample- 2 and 3 were 
purchased from local tobacco sellers. Of different tobacco 
sachets sold in the local market, the brand which has been 
consumed maximum by local people was chosen. This 
selection was based on an earlier survey conducted by students 
of Department of Oral Pathology, Yenepoya Dental College. 
For the preparation of extract of fresh tobacco leaves, same 
procedure used for other plant materials was followed. The 
plant materials were washed in tap water to remove the dirt, 
followed by distilled water, cut in to smaller pieces and dried 
under shade. The dried materials were powdered using 
household electric blender. 100 grams of the plant powder was 
extracted in a Soxhlet apparatus with 500 ml of ethanol as 
solvent and concentrated using a rotor-evaporator. The crude 
alcoholic extracts thus prepared were used for various 
analyses. Other samples were directly subjected to extraction 
procedure. The crude alcoholic extracts thus prepared were 
used for further study. 
 
Concentration dependent effects of different tobacco extracts 
on cell viability of cultured oral epithelial cells were assessed 
by trypan blue exclusion method (Iliya and Wallace, 2011) and 
MTT assay (Gerlierand Thomasset, 1986). Different 
concentrations of tobacco products were added to oral 
epithelial cells cultured in Stem line TM  keratinocyte medium. 
Cultured oral epithelial cells were seeded at 1×105 cells/mL in 
6-well plates for 24 hours to allow cell adherence. After 
incubation, cells were treated with different concentrations of 
various alcoholic extracts ranging from 100-300 μg and 
incubated for a period of 24 hours. A well with cultured cells, 
with no extract added was the negative control. After 
incubation for 24 hours, in vitro cytotoxicity induced by 
tobacco was determined by the above mentioned assays.  
 
Trypan blue exclusion test of cell viability: For the analysis 
of cytotoxic effect of different tobacco samples at different 
concentrations, cultured oral epithelial cells were seeded at 
1×105 cells/mL in 6-well plates for 24 hours to allow cell 
adherence. After incubation, cells were treated with different 
concentrations of various tobacco extracts ranging from 100-
300μg and incubated for a period of 24 hours. After 24 hours, 
adherent and floating cells were collected and centrifuged for 5 
minutes at 100 × g and discarded the supernatant. The cell 
pellet obtained was re-suspended in 1 ml PBS and 1 part of 
0.4% trypan blue and 1 part dilution of cells was 
mixed. The mixture was incubated for 3 minutes at room 
temperature. A drop of the trypan blue/cell mixture was 
applied to a haemocytometer, and counted the unstained 
(viable) and stained (nonviable) cells separately in 
thehaemocytometer using a binocular microscope at 40X 
(Olympus CH 20). To obtain the total number of viable cells 
per ml of aliquot, the total number of viable cells was 
multiplied by 2, (the dilution factor for trypan blue) and to 
obtain the total number of cells per ml of aliquot, the total 
numbers of viable and nonviable cells were added up and 
multiplied by 2. The percentage of viable cells was calculated 
as follows:  

 
 

MTT Assay: Cell viability was also assessed using a precise 
colorimetric technique i.e. MTT assay, a quantitative, more 
sensitive test, that measures the reduction of 3-(4,5 dimethyl 
thiazole – 2-yl),2,5,diphenyl tetrazolium bromide (MTT)by 

71150                      Maji Jose et al. An exploration on cytotoxicity induced by tobacco products and cyto-protective effects of certain plant extracts 
 



mitochondrial succinate dehydrogenase. To the cell culture 
suspension, 30 μL MTT was added and kept for incubation at 
37ºC for 4 hrs. After incubation, 200 microliter of DMSO was 
added to each culture plate, incubated at room temperature for 
30 minutes, until homogenous colour was obtained. After 
scraping, the absorbance was read at 540 nm using DMSO as 
blank and percentage of viability was calculated.  
 

 
 
To study the protective effect of plant materials, both trypan 
blue exclusion assay and MTT assay were repeated, after 
incubating the cultured oral epithelial cells simultaneously 
with tobacco samples and plant extracts. As tobacco sample -1 
did not show significant reduction in cell viability in studied 
concentrations, only tobacco samples -2 and 3 were chosen for 
this purpose at a concentration of 300μg /ml and extracts of 
mango leaves, husk of coconut or areca nut in three different 
concentrations namely 20, 40 and 60mg /ml for 24 hours. 
Concentration of plant extracts were decided based on IC50 
value obtained in previous experiments. The possibility of 
cytotoxic effect of selected concentrations of different plant 
extracts were excluded by carrying out trypan blue exclusion 
assay of cells treated with plant extracts alone. All the above 
experiments were carried out in triplicate and mean value was 
taken to compare the effects. 

 
RESULTS 
 
The % cell viability tested after incubating the cultured oral 
epithelial cells with different tobacco extract showed a 
concentration dependent reduction in cell viability as noted by 
trypan blue exclusion method and was confirmed by MTT 
assay (Table 1, Figs.1 and 2). When the results observed were 
statistically analysed using two way ANOVA, highly 
significant difference with p <0.001was noted between the 
types of tobacco samples tested and different concentrations 
used as observed by both trypan blue exclusion method and 
MTT assay. Pair-wise comparison done using Bonferroni 
showed statistically significant difference in percentage 
viability between control and different tobacco samples at all 
concentrations (p<0.05). Similarly comparison between 
different tobacco samples showed significant difference in 
cytotoxic effect between different tobacco samples at all 
selected concentrations studied except tobacco 2 and 3 at a 
concentration of 100 as noted by MTT assay but same was not 
observed in trypan blue exclusion method (Table 2).  
 
Irrespective of concentration significant difference in cytotoxic 
effect was noted between different tobacco samples with 
highest effect with tobacco sample -3 followed by tobacco 
sample -2 and least with tobacco sample-1. The protective 
effect of plant materials were tested with both tobacco sample- 
2 and 3 as these two samples showed significant reduction in 
cytotoxic effects. Both the assays performed in cell culture 
incubated with tobacco samples along with plant material 
showed significantly higher viability than incubated with 
tobacco samples alone, indicating the protective effects (Table 
3, Figs. 3 and 4). Statistically highly significant difference was 
observed between activity between the plant materials and 
different concentrations of same plant materials while 
analysing using two way ANOVA. Pair-wise comparison of 
cell viability results obtained in both trypan blue exclusion 

method and MTT assay by Bonferroni also showed significant 
difference between activities of different plant materials except 
for mango leaf and coconut husk at 20mg/ml concentration 
(Table 3). Similarly when the cell culture were treated 
simultaneously with tobacco sample -3 in concentration of 300 
and of different concentrations of plant extracts i.e. 20, 40 and 
60 mg/mlusing MTT assay and trypan blue exclusion method, 
improvement in the percentage cell viability was noted when 
compared to cells treated with tobacco alone (Table 4, Fig.4). 
Statistically highly significant difference was observed 
between activity between the plant materials and different 
concentrations of same plant materials while analysing with 
two way ANOVA. Pair-wise comparison of cell viability 
results obtained in both trypan blue exclusion method and 
MTT assay also showed significant difference between 
activities of different plant materials (Table 6).  
 

DISCUSSION 
 
Concentration dependent effects of different tobacco extracts 
on cell viability of human oral keratinocytes were assessed by 
trypan blue exclusion method and MTT assay. The assays 
showed a decrease in percentage cell viability with increase in 
concentrations of all three types of tobacco samples studied 
suggesting reduction in the number of cells. The decrease in 
percentage cell viability caused by tobacco samples suggests 
the toxic effects on the cells, thus, confirming the cytotoxic 
effects. Statistical evaluation showed a significant difference in 
cytotoxic effect of three tobacco samples studied and 
concentration dependent reduction in cell viability (P ≤0.05). 
Irrespective of concentration, significant difference in 
cytotoxic effect was noted between different tobacco samples 
with highest effect with tobacco sample 3 followed by sample 
2. Tobacco sample 1 expressed much less cytotoxic effect than 
other two samples of comparable concentrations and even in 
the highest concentration studied, the viability had not dropped 
down below 50%. The difference in cytotoxicity induced by 
different tobacco products could be directly related to the 
nitrosamine content in different samples, resulted from 
processing or due to additives used. 

 
Trypan blue dye exclusion assay is a rapid, simple and 
inexpensive, traditional viability assay which is based on cell 
membrane integrity of living cells, as the dyes cross the 
compromised cell membrane and stain cellular targets or 
structures in dead cells. On the other hand, MTT assay is based 
on a biochemical event that occurs only in living cells i.e. 
conversion of MTT salt into a formazan product by 
mitochondrial succinate dehydrogenase of active mitochondria, 
which can then be measured as a colorimetric readout. This 
assay gives an indication of intact mitochondrial and also extra 
mitochondrial, NADH- and NADPH-dependent redox enzyme 
systems. Therefore, it is a precise, quantitative, more sensitive 
and reliable test for cell viability. The results obtained in the 
present study by the two methods were almost identical with 
mild difference in values, to be exact, a difference of 5-6% 
between two assays with MTT showing less % reduction. 
Cytotoxic effects of STE on various cell culture systems such 
as hamster cheek pouch cell (HCPC-1) cultures, cultured 
macrophages (Mitchell et al., 2009) alveolar type II cell-
derived cell lines and human oral keratinocyte cell lines have 
been reported earlier (Bagchi et al., 1995; Bagchi et al., 2001; 
Coppe et al; 2008; Mitchell et al., 2009; Mitchell  et al., 2010; 
Toklu  et al., 2010; Boyle et al., 2010).  
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Table 1. Percentage cell viability after exposure to different tobacco products at selected concentrations 

 

Table 2. Comparison of percentage cell viability between different tobacco products at selected concentrations 
 

Parameter Concentration (μg) (I) Tobacco (J) Tobacco Mean Diff. (I-J) S.E p(a) 

MTT assay 
 
 
 

100 Control Tobacco 1 16.667(*) 1.915 .000 
Tobacco 2 33.333(*) 2.068 .000 
Tobacco 3 38.000(*) 2.160 .000 

200 Tobacco 1 27.333(*) 1.915 .000 
Tobacco 2 40.333(*) 2.068 .000 
Tobacco 3 56.333(*) 2.160 .000 

300 Tobacco 1 35.667(*) 1.915 .000 
Tobacco 2 57.667(*) 2.068 .000 
Tobacco 3 66.667(*) 2.160 .000 

100 Tobacco 1 Tobacco 2 16.667(*) 1.678 .000 
Tobacco 3 21.333(*) 1.678 .000 

Tobacco 2 Tobacco 3 4.667 1.678 .096 
200 Tobacco 1 

 
Tobacco 2 13.000(*) 2.309 .004 
Tobacco 3 29.000(*) 2.309 .000 

Tobacco 2 Tobacco 3 16.000(*) 2.309 .001 
300 Tobacco 1 

 
Tobacco 2 22.000(*) 1.333 .000 
Tobacco 2 22.000(*) 1.333 .000 

Tobacco 2 Tobacco 3 9.000(*) 1.333 .002 
 
 
 
Trypan blue 

100 
 

 
 
 
Control 

Tobacco 1 6.667(*) 1.453 .011 
Tobacco 2 23.000(*) 1.491 .000 
Tobacco 3 30.000(*) 1.810 .000 

200 
 

Tobacco 1 17.333(*) 1.453 .000 
Tobacco 2 29.667(*) 1.491 .000 
Tobacco 3 45.667(*) 1.810 .000 

300 Tobacco 1 26.000(*) 1.453 .000 
Tobacco 2 47.000(*) 1.491 .000 
Tobacco 3 61.667(*) 1.810 .000 

100 Tobacco 1 Tobacco 2 16.333(*) 1.846 .000 
Tobacco 3 23.333(*) 1.846 .000 

Tobacco 2 Tobacco 3 7.000(*) 1.846 .027 
200 Tobacco 1 

 
Tobacco 2 12.333(*) 1.700 .001 
Tobacco 3 28.333(*) 1.700 .000 

Tobacco 2 Tobacco 3 16.000(*) 1.700 .000 
300 Tobacco 1 

 
Tobacco 2 21.000(*) 1.785 .000 
Tobacco 2 35.667(*) 1.785 .000 

Tobacco 2 Tobacco 3 14.667(*) 1.785 .001 

Pair- wise Comparisons, Dependent Variable: Cell viability, Based on estimated marginal means, * The mean difference is significant at the .05 level .a 
Adjustment for multiple comparisons: Bonferroni 

 
Table 3. Percentage cell viability of tobacco sample - 2 exposed cells after treatment with 

 different plant extract at selected concentrations 
 

 

Dependent Variable: Cell viability

90.33 3.215 90.33 3.215 90.33 3.215 90.33 2.784

73.67 2.517 57.00 2.000 52.33 1.528 61.00 9.874

63.00 2.000 50.00 2.646 34.00 3.606 49.00 12.816

54.67 1.155 32.67 2.082 23.67 1.528 37.00 13.883

70.42 14.061 57.50 21.961 50.08 26.630 59.33 22.565

85.00 1.000 85.00 1.000 85.00 1.000 85.00 .866

78.33 2.082 62.00 2.000 55.00 2.646 65.11 10.553

67.67 2.517 55.33 2.082 39.33 1.528 54.11 12.434

59.00 1.000 38.00 2.000 23.33 3.055 40.11 15.640

72.50 10.501 60.08 17.661 50.67 23.853 61.08 19.843

Concentration
Control

100

200

300

Total

Control

100

200

300

Total

parameter
(MTT assay)

(Trypan blue)

Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation

Tobacco 1 Tobacco 2 Tobacco 3 Total

Tobaco
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Hoshino et al.,(2001) studied the cytotoxic effects of cigarette 
smoke extract(CSE) on an alveolar type II cell-derived cell line 
and reported that CSE caused apoptosis at concentrations of 
5% or less and necrosis at 10% or more and CSE and acrolein, 
a major volatile factors in cigarette smoke increased 
intracellular oxidant activity. They also have opined that the 
cytotoxic effect might be due to an interaction between 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
aldehydes and oxidants present in CSE or formed in CSE-
exposed cells and this cytotoxic injury of the alveolar 
epithelium to be an important process in the pathogenesis of 
smoking-related pulmonary diseases (Boyle et al., 2010). 
Considering the previous report on striking similarities in 
tobacco smoke induced changes found in oral and bronchial 
mucosa, we can presume that the cytotoxic effect we have 

Table 4. Pair-wise comparisons of cell viability of tobacco sample - 2 exposed cells after treatment with different plant extract at 
selected concentrations 

 

Parameter Conc.(mg/ml) (I) Plant material (J) Plant material Mean Diff. (I-J) Std. Error p(a) 

 
 
 
 
 
 
MTT assay 

20 Mango leaf Coconut husk 2.000 1.764 .900 
Areca husk 15.000(*) 1.764 .000 

Coconut husk Areca husk 13.000(*) 1.764 .001 
40 Mango leaf Coconut husk 12.333(*) 1.721 .001 

Areca husk 21.333(*) 1.721 .000 
Coconut husk Areca husk 9.000(*) 1.721 .006 

60 Mango leaf Coconut husk 11.667(*) 2.539 .011 
Areca husk 23.000(*) 2.539 .000 

Coconut husk Areca husk 11.333(*) 2.539 .013 
 
 
 
 
 
 
Trypan blue 

20 Mango leaf Coconut husk .000 .816 1.000 
Areca husk 1.42E-014 .816 1.000 

Coconut husk Areca husk 3.000 1.155 .122 
40 Mango leaf Coconut husk 13.000(*) 1.217 .000 

Areca husk 15.667(*) 1.217 .000 
Coconut husk Areca husk 2.667 1.217 .213 

60 Mango leaf Coconut husk 8.333(*) 1.217 .001 
Areca husk 20.667(*) 1.217 .000 

Coconut husk Areca husk 12.333(*) 1.217 .000 

Based on estimated marginal means, Dependent Variable: Cell viability  
* The mean difference is significant at the .05 level. a Adjustment for multiple comparisons: Bonferroni 
 

Table 5. Percentage cell viability of tobacco sample -3 exposed cells after treatment with  
different plant extract at selected concentrations 

 

 

Table 6. Pair-wise comparisons of cell viability of tobacco sample -3 exposed cells after treatment  
with different plant extract at selected concentrations 

 

Parameter Conc. (mg/ml) (I) Plant material (J) Plant material Mean Diff. (I-J) Std. Error p(a) 

MTT assay 20 Mango leaf Coconut husk 2.000 1.764 .900 
Areca husk 15.000(*) 1.764 .000 

Coconut husk Areca husk 3.94E-015 1.247 1.000 
40 Mango leaf Coconut husk 12.333(*) 1.721 .001 

Areca husk 21.333(*) 1.721 .000 
Coconut husk Areca husk 9.000(*) 1.721 .006 

60 Mango leaf Coconut husk 11.667(*) 2.539 .011 
Areca husk 23.000(*) 2.539 .000 

Coconut husk Areca husk 11.333(*) 2.539 .013 
Trypan blue 20 Mango leaf Coconut husk 2.000 1.155 .402 

Areca husk 5.000(*) 1.155 .015 
Coconut husk Areca husk 3.000 1.155 .122 

40 Mango leaf Coconut husk 13.000(*) 1.217 .000 
Areca husk 15.667(*) 1.217 .000 

Coconut husk Areca husk 2.667 1.217 .213 
60 Mango leaf Coconut husk 8.333(*) 1.217 .001 

Areca husk 20.667(*) 1.217 .000 
Coconut husk Areca husk 12.333(*) 1.217 .000 

Dependent Variable: Cell viability, Based on estimated marginal means, 
* The mean difference is significant at the .05 level. a Adjustment for multiple comparisons: Bonferroni. 
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Fig. 1: Percentage cell viability of cultured oral epithelial cells 
after exposure to selected tobacco samples at various 

concentration 

 
 

Fig. 2.  Dead (green arrow) & viablecells (red arrow) observed by 
trypan blue exclusion method 

 

 
 

Fig. 3. Percentage cell viability of tobacco sample- 2 exposed cells 
after treatment with different plant extract at selected 

concentrations 
 

 
 

Fig. 4. Percentage cell viability of tobacco sample- 3 exposed cells 
after treatment with different plant extract at selected 

concentrations 

observed in our study is the direct effect of tobacco 
nitrosamines through oxidative stress and this cytotoxicity is a 
contributing factor for tobacco related oral mucosal diseases 
including potentially malignant diseases and oral cancer 
(Agarwal et al., 2012). The protective effect of plant materials 
were tested with both tobacco sample 2 and 3, as these two 
samples showed significant cytotoxic effects. Both cell 
viability assays performed in cell culture incubated with 
tobacco samples along with plant material showed significant 
improvement in viability than incubated with tobacco samples 
alone, indicating the cyto-protective effects of selected plant 
materials. Simultaneous treatment with plant extracts along 
with tobacco sample 2 resulted in reduction in cytotoxic effect 
caused by tobacco sample and improved the cell viability to 
03, 23 and 37% with 20, 40 and 60 mg/ml of mango extract, 
05,11,25% with similar concentrations of coconut extract. 
Areca husk extract showed relatively lesser effect. Likewise in 
similar experimental conditions with tobacco sample 3, mango 
leaf extract showed, improved cell viability to 19, 29 and 33%, 
and coconut husk 9, 26 and 33% and areca husk 4, 11 and 
24%. None of the plant materials could enhance the cell 
viability to a level comparable to untreated control group. The 
results indicate that plant materials studied havecyto-protective 
effect to a certain extent against tobacco induced cytotoxicity, 
but not to the extent of complete protection. The difference in 
effect of different plant extract may be based on their chemical 
composition, difference between the effective components 
present in the extracts and their mode of action.  
 
There are reports on reduction in tobacco induced cell death by 
treatment with antioxidants- Vitamin C, E and grape seed 
proanthocyanidine, Trolox and L-ascorbic acid etc., supporting 
our results (Bagchi et al., 1999; Mitchell et al., 2010; Toklu et 
al., 2010). Hoshino  et al., (2001)proved that cytotoxic effect 
of tobacco is due to an interaction between aldehydes and 
oxidants present. They have also observed an inhibition of 
CSE-induced cell death by aldehyde dehydrogenase, a 
scavenger of aldehydes, and N-acetyl cysteine, a scavenger of 
oxidants and aldehydes (Boyle  et al., 2010). We can assume 
that cyto-protective effect of plant materials noted in this study 
is related to their radical scavenging and antioxidant property. 
Our observation of relatively better cyto-protective effect of 
mango leaf and coconut husk extract which showed more 
efficient radical scavenging and antioxidant activities 
compared to areca husk extract is another supporting evidence 
for this. As we have noted that the plant materials could not 
recover the cell viability near to that of untreated control, it can 
be assumed that the cytotoxic effect of tobacco is attributed to 
a complex interaction of oxidants and other constituents. 
 
Conclusion 
 
Cyto-toxicity induced by tobacco samples andcyto-protective 
effects of plant extracts,when analysed,a reduction in % cell 
viability of oral epithelial cells after incubating with different 
tobacco extract was noted in a concentration dependentmanner. 
Viability noted with tobacco -1 exposure was 73-52 % with 
increasing concentration, with tobacco -2 was 75 to 32% and 
with tobacco-3 was 52 to 23%. Irrespective of concentration, 
significant difference in cytotoxic effect was noted between 
different tobacco samples with highest cytotoxic effect with 
tobacco sample - 3 followed by tobacco sample - 2 and least 
with tobacco sample-1. Even the highest concentration of 
tobacco sample - 1 studied did not bring down the % viability 
less than 50%, while the lowest concentration of tobacco 

71154                      Maji Jose et al. An exploration on cytotoxicity induced by tobacco products and cyto-protective effects of certain plant extracts 
 



sample - 3 caused reduced viability to nearly 50%. 
Simultaneous treatment with plant extracts along with tobacco 
samples resulted in reduction in cytotoxic effect reflected as 
increase in % viability than tobacco treatment alone, indicating 
the cyto-protective effect of plant extracts, but not to the level 
of untreated controls. 
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