
Introduction
 Tobacco is known to contain more than eight thousand  
chemicals, out of which more than eighty are probable carcinogens 
[1-4]. Some of the common toxic chemicals present in tobacco in-
clude benzo[a]pyrene (B[a]P), N’-nitrosonornicotine(NNN), N’-ni-
trosoanatabine (NAT), N’-nitrosoanabasine (NAB), 4-(methylnitro-
samino)-1-(3-pyridyl)-1-butanone (NNK), N-Nitrosodimethylamine 
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(NDMA), nitrite, cadmium, lead, arsenic, nickel, chromium, etc. 
[5,6]. The consumption of both smoked and smokeless tobacco is 
popular throughout the world and its detrimental effects could be 
observed from many medical records. Besides its deleterious conse-
quence upon the pulmonary system, it has been linked to many forms 
of cancers. In fact, many studies suggested that almost all known can-
cers could be linked to tobacco use [7,8]. 

 The form of tobacco used may vary considerably in different plac-
es and according to the choice of the user. Some individuals prefer 
smoking tobacco whereas others prefer to use smokeless tobacco, or 
both. However, there is no denying the fact that more than half of the 
tobacco users prefer smoking tobacco [9]. Tobacco smokers and those 
who use smokeless tobacco are exposed to thousands of chemicals 
present in the tobacco as well as tobacco smoke [10]. The smoking or 
combustion of tobacco generates additional chemicals which are car-
cinogens and therefore smokers as well as passive smokers are also at 
the higher risk of developing cancer [11,12]. 

 From time immemorial, Mizos have been using smokeless tobacco 
called tuibur (tobacco brew) throughout the state and is commercially 
available in the local market. Although there is no standard parame-
ter for tuibur quality, it is usually categorized into two grades. The 
grading is mostly dependent on the amount of tobacco used in tuibur 
production. Tuibur is usually kept in the mouth by the individuals for 
roughly 5-10 minutes and then spitted out. The duration to keep tuibur 
in the mouth depends on its alkalinity and it is spitted out when it is no 
longer feels alkaline [13,14]. Therefore, the frequent use of tuibur in 
Mizoram stimulated us to investigate its cytotoxic effect on different 
cells in vitro.

Materials and Methods 
Chemicals

 Two grades of locally produced tuibur-A (prepared using more 
tobacco) and tuibur-B (prepared using lesser tobacco than A), were 
procured commercially from Aizawl market. Pure nicotine was pur-
chased from Cayman Chemical Company, whereas MTT [3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide], sodium 
dodecyl sulphate, RPMI-1640 media were purchased from Sigma Al-
drich Chemical Co., Kolkata, India. Hydrochloric acid and isobutanol 
were obtained from SD Fine Chemicals, Mumbai, India. 

Cell culture and treatment

 All cell cultures were performed according to standard pro-
tocol [15,16]. For human peripheral blood lymphocyte (HPBL) 
culture, peripheral blood was collected by venipuncture in a hepa-
rinized vacutainer from a 27-year-old healthy male volunteer, who 
had no known history of tobacco consumption. The blood was 
allowed to stand for half an hour and the buffy coat containing lym-
phocytes was separated and used for culture. HeLa (human cervical 
cancer cell), V79 (Chinese hamster cell) and DLA (Dalton’s lymphoma 
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ascites) were procured from National Centre for Cell Science, Pune, 
India.

Experimental

 Each cell culture was separately divided into four treatment groups 
namely control group, tuibur-A group, tuibur-B group and nicotine 
group. The control group from each cell cultures did not receive any 
treatment and served as control. The HPBLs, HeLa, V79 and DLA 
cells of tuibur-A and tuibur-B group each were treated with 10, 20, 
40, 60, 80, and 100 µl/ml of tuibur-A or tuibur-B, whereas the HPBLs, 
HeLa, V79 and DLA cells of nicotine group were exposed to 10, 20, 
40, 60, 80, and 100 µg/ml nicotine, respectively. The nicotine group 
served as a positive control.

MTT assay

 The MTT assay was performed according to the standard protocol 
[17],  where 5000 HPBLs, HeLa, V79 and DLA cells were seeded into 
several individual wells of a 96 well microplate for each cell line and 
exposed to different doses of tuibur-A or B or nicotine as the case may 
be. The cell cultures were incubated at 37°C for 48 h in a CO2 incuba-
tor in an atmosphere of 5% CO2 in air and 95% humidity. After 48 h 
of incubation, 20 µl of MTT was added to each well and the cells were 
further incubated for 2-4 h. After the formation of formazan crystal, 
100 µl of MTT lysis buffer was added to each well to dissolve the 
crystals. The cultures were further incubated overnight and the OD 
was taken at 570 nm in a microplate spectrophotometer (SpectraMax 
M2, Molecular Devices, San Jose, CA, USA). The survival of the 
cells has been expressed as percentage. Usually four wells were used 
for each concentration in each group and the experiment was repeated 
for confirmation. The cytotoxicity was calculated by the formula: Ab-
sorbance of Treatment/Absorbance of ControlX100.

Statistical analyses

 All statistical analyses were performed using OriginPro-8 (Origin-
Lab Corporation, Northampton, USA) and Microsoft excel 2013. Stu-
dent’s t-test was employed to determine significant difference among 
the treatment groups. Correlation coefficient was performed to de-
termine relationship between different treatment concentrations and 
cytotoxicity within a group. The test of homogeneity was applied be-
tween the original and repeat experiments and no statistical difference 
was reported between the two experiments. Since the difference be-
tween the data of two experiments was non-significant the data were 
combined.

Results
 The results are shown in (Table 1) and (Figures 1-4) as mean±-
standard error of the mean (SEM). The evaluation of the two grades 
of tobacco brew A, B and nicotine showed concentration dependent 
increase in cytotoxicity in all the cell lines tested as well as HPBLs. 
Comparison between the control group (0 dose) with the different 
treatment groups showed significant (p<0.05) increase in the cytotox-
icity in HPBLs, HeLa, V79 and DLA cells. Despite this fact the differ-
ences among tuibur A and B groups were not statistically significant. 
The effect of tuibur A treatment showed higher toxicity than tuibur B 
and nicotine in HPBLs whereas the nicotine treatment exerted higher 
toxicity in HeLa, V79 and DLA cells. Pearson’s correlation showed  
that all treatment groups demonstrated strong positive correlation be-
tween treatment concentrations and cytotoxicity.

Figure 1: Cytotoxic effect of different concentrations of tuibur-A, tuibur-B and nico-
tine on human peripheral blood lymphocytes. Squares: Tuibur-A; Circles: Tuibur-B; 
Triangles: Nicotine. p <0.05 when compared to Untreated control.

Figure 2: Cytotoxic effect of different concentrations of tuibur-A, tuibur-B and nic-
otine on HeLa cells. Squares: Tuibur-A; Circles: Tuibur-B; Triangles: Nicotine. p 
<0.05 when compared to Untreated control.

Figure 3: Cytotoxic effect of different concentrations of tuibur-A, tuibur-B and nico-
tine on V79 cells. Squares: Tuibur-A; Circles: Tuibur-B; Triangles: Nicotine. p <0.05 
when compared to Untreated control.
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Discussion 
 Tobacco has been used by humans since a long time however its 
adverse effects came to be known in the last century. Tobacco con-
tains numerous chemicals and many of which have been reported to 
induce cancer and other diseases [2,18,19]. Most studies, if not all, re-
ported the use of tobacco in any form only has negative health impact 
on the users [19,20]. There has been only a handful of literature on 
the scientific investigation of tuibur. Therefore, the present study was 
designed to study the viability and cytotoxic effect of different grades 
of tuiburA and B on HPBLs, HeLa, V79 and DLA cells.

 A preliminary report on the chemical composition of tuibur 
showed the presence of polyaromatic hydrocarbons and carbonyl 
compounds in the tar phase [14]. The epidemiological study among 
the Mizos showed that tuibur users are at a higher risk of develop-
ing gastric cancer. Similary, use of tuibur accompanied with smok-
ing, betel (paan), and sahdah consumption have been reported to 
increase the risk of gastric cancer [21,22]. Besides the occurrence 
of gastric cancer in Mizoram, tuibur consumers were found to have 
a variety of mtDNA D-loop region mutations and polymorphisms 
[22]. Individuals with Arg/Pro genotype, GSTM1 null genotype and 
GSTT1 non-null genotype were also suggested to have a higher risk 
of gastric cancer if they consume tuibur and smoke tobacco [23,24]. 

 The induction of cytotoxicity by tuibur in a concentration depen-
dent manner in all the cell types in the present study indicates that 
tuibur exerted detrimental effect on all cells and the highest toxicity 

was observed on the HPBLs followed by V79 cells. The DLA cells 
were least effective.  Similarly, onion bulbs treated with tuibur showed 
reduced root growth, reduced mitotic index, and formation of micro-
nuclei, lagging chromosomes, and c-mitosis [1]. A study on seven 
smokeless tobacco aqueous extracts showed concentration-dependent 
inhibition on the growth and viability of oral bacteria cultured under 
anaerobic conditions [25]. Nicotine one of the active constituents of 
tobacco has been reported to inhibit cell proliferation and decrease 
protein synthesis in a dose dependent manner in cultured periodontal 
ligament fibroblast [26]. We also report here the deleterious effect of 
nicotine in different cells. Nicotine has been reported to stimulate en-
dothelial cell DNA synthesis and cell proliferation at concentrations 
lower than <10-8 M and it was cytotoxic at a concentration>10-6M 
[27]. Likewise, cigarette smoke extract has been reported to induce 
cytotoxicity in orbital fibroblasts [28]. 

 The exact mechanism of action of the cytotoxic effect of tuibur 
on different cells is not known. It may have used multiple pathways 
to exert its cytotoxic effect. Since one of the major components of 
tobacco is nicotine, the effects observed in the present study may be 
due to nicotine. Tobacco contains NNN, and NNK apart from nic-
otine that have been found to trigger cytotoxicity [29]. The induc-
tion of DNA damage in different cells may be the most important 
mechanisms of cell death. Nicotine has been reported to induce DNA 
damage in human tonsillar, lymphocytes and respiratory tract cells 
[30,31]. Chewing tobacco has been reported to induce, lipid peroxi-
dation, DNA fragmentation and DNA ladders [32], which may have 
contributed to death of various cells in our study. The induction of 
oxidative stress that induce DNA damage may be another mechanism 
of induction of cytotoxicity. Nicotine has been reported to reduce 
antioxidant enzymes including superoxide dismutase, catalase, glu-
tathione-s-transferase, and glutathione reductase, and increase lipid 
peroxidation [33]. Therefore, increased oxidative stress may be one of 
important mechanisms that induced cytotoxicity in the present study. 
Cigarette smoke extract has been reported to induce reactive oxygen 
species (ROS) in cultured fibroblasts [28]. At molecular level tuibur 
may have triggered the activation of NF-κB, COX-2 and reduced 
Nrf-2 activation causing higher oxidative stress and cell death. The 
smoking of tobacco has been reported to activate NF-κB, COX-2 and 
survivin and reduce Nrf2 in earlier studies [34-36]..

Conclusion

 The tuibur A, B and nicotine treatment induced cytotoxicity in 
a concentration dependent manner in HPBLs, HeLa, V79 and DLA 
cells. The cytotoxic effect may be due to induction of DNA damage, 
DNA adducts and lipid peroxidation.
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Figure 4: Cytotoxic effect of different concentrations of tuibur-A, tuibur-B and nic-
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Table 1: Pearson’s correlation between cytotoxicity in various cells treated with dif-
ferent concentrations of Tuibur A, Tuibur B and nicotine groups.

*Correlation is significant at p <0.05 level (2-tailed)

Cells Treatment
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HPBL 0.937* 0.962* 0.990*

HeLa 0.946* 0.983* 0.956*
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DLA 0.923* 0.954* 0.986*
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