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Abstract 
 
Tobacco smoking is a major cause of respiratory ailments in rural and 
urban Indians. It consists of thousands of chemicals which are known 
to cause oxidative damage to the biological system. The present study 
deals with investigating the toxic effect of Bidi smoke concentrate 
(BSC) on mitochondrial localization/abundance, and antioxidant 
enzymes activity. The human alveolar cell line A549 was exposed to 
BSC and the toxic doses (LD50) of the smoke concentrate were 
determined. Cells were also exposed to optimized doses of vasicine 
with or without BSC, to investigate its antioxidant potential over the 
stress caused by BSC. Further, cells were exposed to these toxic doses 
of BSC with/without optimized doses of vasicine, and observed under 
microscope (NAO staining) to study the change in abundance of 
mitochondria and mitochondrial localization. It was found that, 
mitochondrial abundance (fluorescent intensity) was decreased on 
exposing the cells to BSC and was retained in case of vasicine pre-
treatment. The mitochondria were observed to be scattered all over the 
cytoplasm or near the perinuclear region in the control and vasicine 
treated cells, in comparison to BSC treated cells. The number of 
mitochondria seems to be decreased to more than half in case of BSC 
treatment. The cell lysates of treated and untreated cells were also 
investigated for SOD and Catalase activity. It was found that the cells 
try to combat the oxidant level by increasing both the enzyme activity 
till LD50 doses of BSC. Pre-treatment with vasicine seems to maintain 
the enzyme activity in between the control and BSC treated cells. The 
study suggests that Bidi smoking would have considerable negative 
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impact on oxidative state of the cells which may lead to cell death and 
so can result in inflammatory conditions leading to respiratory ailments 
and vasicine, the active phytochemical of the plant Adhatoda vasica 
seems to be beneficial and can further be explored to combat the 
oxidative damage caused by tobacco smoke. 
 
Keywords: Tobacco, A549 cell line, Oxidative stress, Adhatoda 
vasica, Vasicine. 
 
 

1. Introduction 
Tobacco smoking is a major cause of respiratory ailments in urban and rural Indians. It 
contains thousands of chemical constituents which lead to an increase in oxidative 
stress resulting into cell death and inflammatory conditions. There are various herbs 
used in Indian Ayurvedic system which have been utilized to deal with these kinds of 
respiratory ailments but the active constituents of these extracts and their mechanism 
of action is not known. Adhatoda vasica is one of such herbs which has extensively 
been used in Indian traditional system to treat respiratory and many other diseases. It is 
well known fact now that, vasicine is one of the major active constituent of this herb 
which is responsible for majority of its biological activity. It is known to act as 
antioxidant, anti-inflammatory agent (Srinivasrao et al, 2006). The present study is an 
attempt to investigate the toxic effect of Indian tobacco rolls concentrate over alveolar 
cell line A549 and further to check whether vasicine is able to prevent the toxicity 
caused by the concentrate. 
 
 
2. Materials and Methods 
2.1 Chemicals and Reagents 
DMEM/nutrient mixture F-12 Ham, fetal bovine serum (FBS), vasicine and nonyl 
acridine orange (NAO) were purchased from Sigma Aldrich, India. Trypsin-EDTA, 
MTT [3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide], and nitroblue 
tetrazolium (NBT) were purchased from HiMedia Laboratories Private Limited, India. 
Dimethyl sulfoxide (DMSO), potassium dihydrogen phosphate (KH2PO4), dipotassium 
hydrogen phosphate (K2HPO4), and ethylenediamine tetra acetic acid (EDTA) were 
purchased from Central Drug House Private Limited, India. 

 
2.2 Cell culture 
The A549 (human lung alveolar) cell line was purchased from NCCS, Pune, India and 
was cultured by standard method. 

 
2.3 Preparation of Bidi Smoke Concentrate (BSC) 
The BSC was prepared by standard method (Vayssier et al, 1998) by passing smoke 
through the media and then filtering. 
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2. 4 Treatment of Cells 
2.4.1 Induction of Oxidative Stress by BSC. The A549 cell line was exposed to BSC at 
a dose range of 0.5% - 15% and the exposure time was optimized for attaining 50% 
cell death and thus determining its toxic dose. 

2.4.2 Pre-treatment with Vasicine. The A549 cells were seeded and incubated at a 
density of 5x104 cells/well (Dypbuky et al, 1994) in a 96-well cell culture plate 
overnight in a CO2 incubator. The cells will then be exposed to vasicine (0.5 - 5µg/ml, 
3 hrs) for optimization of its effective safe concentrations. 

 
2.5 Cytotoxicity Measurement 
2.5.1 MTT Assay. Cell viability was determined spectrophotometrically at 570nm, 
incubating the cells with MTT at 37°C for 4 hrs. Cell viability is expressed as the 
percentage of untreated samples (Fotakis and Timbrell, 2006). 

 
2.6 Antioxidant Enzyme Assays 
2.6.1 Superoxide Dismutase (SOD) Enzyme Activity. The SOD enzyme activity was 
determined by standard method (Weydert et al, 2010) through NBT (nitroblue 
tetrazolium) assay, after exposure of A549 cells to various treatment combinations 
with vasicine and/or BSC. 

2.6.2 Catalase Enzyme Activity. The Catalase enzyme activity in various treatment 
groups of A549 cell line was measured by standard method (Weydert et al, 2010). The 
decrease in absorbance obtained due to scavenging of hydrogen peroxide (H2O2) by 
treated A549 cells in the reaction mixture was analyzed. 

 
2.7 Analysis of Mitochondrial Distribution 
In order to analyze the distribution of intramitochondrial cardiolipin in control and 
treated groups of A549 cell line, the cells were stained with the fluorescent dye nonyl 
acridine orange (NAO) according to standard protocol (Fernandez et al, 2002). The 
cells were fixed with 1% formaldehyde followed by staining with NAO and observed 
under fluorescence microscope using 490 nm excitation and 520 nm emission 
wavelength respectively.  
 
 
3. Results 
3.1 Effect of Bidi Smoke Concentrate on the Viability of A549 Cell Line 
Exposing A549 cell line to various concentrations of BSC has shown deleterious 
impact on the viability of the cell line as shown in figure 1. It can be seen from the 
figure that at 5% BSC, almost 50% cell death occurs. 
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Figure 1: Effect of various concentration of Bidi Smoke Concentrate (BSC) on  
cell viability of A549 cell line: The cell viability decreases ~50%  

with the concentration 3-5 % BSC. 
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Figure 2: Effect of various concentrations of vasicine on cell viability. 
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Figure 3: Effect of Vasicine pretreatment on cell viability of A549  
cell cells later exposed to BSC (5%). 
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3.2 Preventive Effect of Vasicine in BSC-Induced Toxicity 
It is clear from figure 2 that various concentrations of vasicine have shown a parabolic 
form of effect on the cell viability and the optimum dose which gives the cell viability 
equal or more than the control ranges from 2 - 3µg/ml. 3µg/ml vasicine could also 
prevent cell death caused by 5% BSC (up to~80%) as, it is depicted from figure 3. 

 
3.3 Measurement of Oxidative Stress in A549 Cell Line 
3.3.1 SOD activity 
The level of antioxidant enzymes was further studied with the entire range of BSC. It 
can be clearly seen from figure 4 that the level of enzyme SOD increases with the 
increase in dose of BSC (upto 24 U/mg, till 10% BSC) and then suddenly falls down to 
below control level. While cells were pre treated with the optimized dose of vasicine, it 
was found that 3 µg/ml vasicine could manage to keep the level of enzyme near to 
control (10 U/mg) (figure 5). 
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Figure 4. Effect of various concentrations of Bidi Smoke Concentrate (BSC) on  
SOD activity in A549 cell line. 
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Figure 5: Effect of pretreated optimized concentration of Vasicine (Vas) on  
SOD activity inA549 cell line later exposed to BSC (5%). 
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3.3.2 Catalase activity 
Catalase is the enzyme which brings down the level of H2O2 generated by SOD to 
balance the oxidant level inside the cells. In figure 6, similar to SOD, the Catalase 
enzyme activity was also increased with increasing concentrations of BSC (till 7%) 
and suddenly falls down than the control at 10 % BSC. When the cells were pretreated 
with the optimized concentration of vasicine, it was able to come down to 13 from 15 
U/mg in case of BSC treatment (figure 7). 
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Figure 6. Effect of various concentrations 
of Bidi Smoke Concentrate (BSC) on 

Catalse activity in A549 cell line 
 

Figure 7: Effect of pretreated 
concentration of  Vasicine (Vas) on 
SOD activity inA549 cell line later 

exposed to BSC (5%) 
 

3.4 Distribution of Mitochondrial Cardiolipin in Oxidatively Stressed A549 Cell 
Line 
Besides studying the effect of different treatments on cell viability and antioxidant 
enzymes, the cells were also investigated for the distribution and localization of 
mitochondira, the main source of oxidants inside cells. It was found that control cells 
have continuous distribution of mitochodira through out the cytoplasm and they were 
also seen concentrated in the perinuclear region (figure 8A). When the cells were 
treated with BSC, the overall number of cells as well as mitochondria has gone 
considerably down (figure 8B). Besides this, the fluorescent intensity which depicts the 
funciotnality of the mitochondria also decreases considerably. When the cells were 
pretreated with vasicine (Figure 8C), it seems that the cells were able to retain the 
abundance and intensity to near control (Figure 8D). The distribution of mitochondria 
in the cells also seems to be almost similar as in case of control. 
 
 



Toxic Effects of Indian Tobacco Rolls (BIDI) and Beneficial Role of Vasicine 479 

 

 
 

Figure 8: Effect of various treatments on cellular morphology and  
mitochondrial localization. 

 
 

4. Conclusion 
Vasicine has been used since years for inflammatory conditions and has shown to have 
beneficial impacts in overcoming the inflammatory conditions but it’s mechanism of 
action is still not clear (Rachana et al, 2011). Our data suggests that bidi smoke 
concentrate can cause a considerable enhancement in the production of reactive 
oxygen species in human lung alveolar cell line and bring about cell death. BSC was 
found to enhance SOD and Catalase enzyme activities in this cell line, and Vasicine 
pre-treatment have shown successful maintenance of the inherent antioxidant power of 
the cells in combating the BSC-induced oxidative stress. This study proves that 
vasicine tries to balance the oxidative state of the cells and have an impact on 
mitochondrial activity that can help the cells to survive the deleterious effects of BSC-
induced free radicals. 
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