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Introduction

Smokeless tobacco is one type of tobacco product, 
globally consumed and its prevalence is higher among 
youth. Nicotine is the major alkaloid present in the 
tobacco products in the form of (S) (−) nicotine and 
conversion of enantiomeric forms could not occur during 
the processing of tobacco leaves (Crooks et al., 1992; 
Zhang et al., 2018). During the recent years, in India, 
tobacco chewing is in the form of gutkha is alarmingly 
increasing among young adults (Avasn Maruthit et al., 
2004). The components are widely used in the manufacture 
of smokeless tobacco exhibited equal or same nicotine 
availability and dependency (Croucher et al., 2013). 
According to International Agency for Research on 
Cancer (IARC), tobacco-specific N-nitrosamines (TSNA) 
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like 4-methyl nitrosamino 1, 3 pyridyl butanone (NNK), 
nitrosonornicotine (NNN), nitrosoanatabine (NAT), 
and nitrosoanabasine (NAB) act as major nitrosamines 
are known carcinogens present in the smokeless 
tobacco products (Stanfill et al., 2015). The detectable 
concentrations of tobacco-specific nitrosamines are 
measured in the smokeless tobacco users indicated that the 
specificity maker of tobacco exposure and consumption 
(Brunnemann et al., 1996).

Gutkha is a SLT product and is markedly available 
in khaleja brand and khaini is mahak chaini/khaini 
SLT brand is available in small filter pouches of sachet 
across the India. The composition of gutkha is tobacco, 
areca nut, catechu, lime, saffron, and added flavours 
and khaini is the combination of tobacco and lime stone 
paste. Tobacco control policies could be considering 
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the positive correlation between SLT consumption and 
widespread socio-economic inequities across the states in 
India (Thakur et al., 2015). The consumption of smokeless 
tobacco occurs as a worldwide habitual chewing, and 
consists of 237.4 million people were recorded in the 
India (Sinha et al., 2015). The decrease in consumption 
of smoking cigarettes during 2002-2012 was compensated 
by increased usage of SLT products aged ≥18 years adults 
(Agaku and Alpert, 2016).

In the countries of South-East Asia, people believed 
that the products of smokeless tobacco are less harmful 
than smoking cigarettes due to misleading advertising by 
tobacco companies (Suliankatchi et al., 2017). The levels 
of carcinogens and toxicants differ from one product to 
another and tobacco industries are designed to promote 
the manufacture of low carcinogen content in the SLT 
products (Borgerding et al., 2012). The enzyme of 
inducible nitric oxide synthase is actively involved in the 
synthesis of nitric oxide and contributes to the promotion 
of apoptosis (Vakkala et al., 2000). We proposed that an 
increase of NO production by the iNOS enzyme as the 
most likely mechanism by which nicotine and tobacco-
specific nitrosamines of gutkha and khaini products could 
induce a chronic effect on the membrane and apoptosis.

Materials and Methods
 
Subjects 

Thirty human male volunteers in each group aged 
27 ±5 residing in Ananthapuramu, India and taking local 
diet. The baseline information for the category of SLT 
users was that individuals used gutkha and khaini products 
(Khaleja/mahak chaini brand respectively) habitually, at 
least >20 times per week consists of 50-60 g during the last 
2-4 years. Socio-demographic information was collected 
by an interviewer with the information on age, educational 
qualification, marital status, income, occupational status, 
and religion. Non-tobacco users, individuals do not 
consume any form of tobacco products. 

The inclusion criteria are the habitual use of only 
gutkha and khaini packets by the SLT users, and choose the 
unmarried and low economic status people. The exclusion 
criteria are the consumed either alcohol or smoking groups 
are not preferred. In the present study all volunteers were 
free from any chronic disease, illness, and teetotallers 
with no smoking habit with free from the use of any 
tranquilizers, drugs and anaesthetics. All experiments were 
performed in accordance with the approved guidelines and 
regulations of the Ethical Committee.

Membrane studies 
Erythrocyte membrane was prepared by the 

(Dodge et al., 1963), platelets were prepared by 
differential centrifugation as described earlier by the 
method (Menashi et al., 1981), and membrane MDA 
levels by the method (Buege and Aust, 1978). The 
concentration of protein carbonyls was determined using 
2, 4-dinitrophenylhydrazine (DNPH) assay (Levine et al., 
1990), nitric oxide (Nitrites and nitrates) was estimated by 
(Sastry et al., 2002) and peroxynitrites were determined by 
(Beckman et al., 1992). Erythrocyte membrane lipids were 

extracted  (Folch et al., 1951), estimation of cholesterol 
(Zlatkis et al. 1953), phospholipids (Connerty et al. 1961), 
protein concentration was measured by the method (Lowry 
et al., 1951), and quantitative measurement of membrane 
fluidity was performed by the fluorescence polarization 
technique described (Choi and Yu, 1990). The activity of 
glutathione was measured by the method (Ellman, 1959), 
superoxide dismutase (SOD) activity was measured 
according to the protocol (Kakker et al. 1984), estimation 
of catalase activity by the method (Aebis, 1974). Activity 
of GPx and GST were evaluated by the method (Rotruck 
et al., 1973).

Erythrocyte membrane preparation
Erythrocyte membranes were prepared using the 

method (Dodge et al., 1963). Erythrocyte suspension was 
washed with phosphate buffered saline (pH 7.2), and then 
cells were lysed with 5 mM phosphate buffer (pH 8.0) 
and spun at 15,000 X g for 30 min. The supernatant was 
removed carefully and by using the same buffer the latter 
step was repeated to obtain haemoglobin-free ghosts for 
further analysis.

Osmotic fragility of erythrocytes
Isolated red blood cells were incubated with different 

concentrations of NaCl ranging from 0.1% to 0.9% for 
30 min with gentle stirring, hemoglobin released into 
supernatant from the red cells was determined after a spin 
at 2,500g for 10 min absorbance was measured at 540 nm 
by the method (Kanai, 1988).

Membrane individual phospholipids analysis
Individual phospholipids in membranes of erythrocytes 

and platelets were estimated by the method (Skipski 
et al., 1964).The lipids were re dissolved in 1.0 ml of 
chloroform–methanol mixture and aliquots were used for 
the estimation of lipid components namely cholesterol 
and phospholipids. Erythrocyte membrane individual 
phospholipids were separated on silica gel H (Merck) 
using two dimensional thin layer chromatography with 
chloroform–methanol–aqueous ammonia 65:35:5 (v/v) as 
the first solvent and chloroform–acetone–methanol–acetic 
acid–water 50:20:10:10:5 (v/v) as the second solvent. The 
fractions were located with iodine vapours and scraped 
from the plate and the phospholipids were measured as 
inorganic phosphorus after digestion with perchloric acid 
method (Fiske and Subbarow, 1925).

Western blot analysis
Among the studied population thirty SLT-users and 

thirty non-users were randomly selected for molecular 
analysis. Immuno blots were performed from plasma, 
erythrocytes and platelet membranes to measure the 
level of iNOS and β -actin was used as positive loading 
control. Equal amount of protein (50 μg) was loaded in 
each lane followed by separation using sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and electro blotted on PVDF membrane (Millipore, 
Massachusetts, USA). The membrane was blocked for 4.0 
h at 37°C with 5% bovine serum albumin (BSA) solution. 
Then the membrane was incubated with anti-rabbit 
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=0.05, K =0.0001), nitrites (G =0.001, K =0.034), nitrates 
(G =0.038, K =0.023), nitric oxide (G =0.008, K =0.002), 
and lipid peroxidation (G =0.020, K =0.021) in erythrocyte 
membrane of experimental subjects compared to normal 
control subjects. We found that gutkha (G =0.45) and 
khaini users (K =0.30) have decreased levels of protein 
oxidation with no significant difference than controls. 
In this present study, smokeless tobacco users showed 
that decreased levels of superoxide dismutase (G =0.32, 
K =0.16), catalase (G =0.18, K =0.24), glutathione 
peroxidase (G =0.13, K =0.026), and glutathione 
S-transferase (G =0.12, K =0.31) in the erythrocytes. The 
levels of GPx exhibited statistically significant difference 
in khaini chewers. The experimental subjects have been 
shown that significantly increased levels of red blood 
cell glutathione (G =0.01, K =0.018) compared to normal 
controls (Figure 2).

Individual phospholipids and fluidity studies
In the current study, the mean difference of membrane 

fluidity for erythrocytes was decreased with no significant 
change observed in the experimental subjects (G =0.28, 
K =0.55). The increased levels of outer leaflets of 
phosphotidyl choline (PC) (G =0.07, K =0.065) and 

polyclonal antibody (1:1000) for overnight at 4 °C, 
followed by incubation with alkaline conjugated anti 
rabbit antibody (1:2,500) for 4.0 h. After washing, the 
membrane was developed using ECL solution. All western 
blots were performed under the same experimental 
conditions.

RNA extraction and cDNA synthesis 
Five micrograms of RNA per blood sample were 

separated on 1% formaldehyde-agarose gels to assess 
RNA integrity. RNA concentrations were amended for 
quality by spectophotometry (E=260 nm). First-strand 
cDNA was synthesized from 4 μg of total RNA using 
an Oligo(dT)12-18 primer and Superscript™ II RNase 
Reverse Transcriptase (Invitrogen, USA). Samples were 
stored at –20˚C.

Measurement of mRNA from blood by RT-PCR analysis
To determine apoptotic, interleukin, and TNF-α 

mRNA expression level of blood, total RNA was extracted 
using TRizol reagent from blood (Sigma) in accordance 
with the manufacturer’s protocol and kept at −70 °C for 
later use. The primer sequences of different genes are 
listed in Table 3.

Results 

Biochemical analysis in membranes of red blood cells 
and platelets

Data in table 1 and table 2, we presented that gutkha 
and khaini users have shown that significantly increased 
levels of cholesterol (P value; G =0.0018), phospholipids 
(G =0.054), and the C/P ratio in both erythrocytes and 
platelet membranes in comparison with normal healthy 
controls. The mean values of total membrane cholesterol 
(K =0.079), and total phospholipids (K =0.20) in khaini 
users did not showed significant change. The experimental 
users found to be decreased levels of membrane proteins 
in the red blood cells (G =0.051, K =0.012) and observed 
higher levels of platelet total proteins (G =, 0.21 K =0.56). 

Concentrations of reactive oxygen nitrogen species 
(RONS) and antioxidants

From the summary statistics in figure 1 it was observed 
that significantly increased levels of peroxynitrites (G 

Parameter Groups

Controls Smokeless tobacco users 

Gutkha 
chewers

Khaini 
chewers

Proteins (mg/dl) 131.78±7.02 105.78±7.35* 104.38±4.17*

Cholesterol 
(µg/mg protein) 160.35±11.72 257.34±24.68* 209.21±23.85NS

Phospholipids 
(µg/mg protein) 178.47±5.73 210.48±5.34* 191.34±4.89NS

C/P ratio 0.89 1.22 1.09

Table 1. Levels of Biochemical Profile in Erythrocyte 
Membrane of Smokeless Tobacco Users

Data are represented as the mean ± SEM and * denotes that data 
are significantly different with the normal controls. Note: NS- Not 
significant; C/P ratio- Cholesterol/ Phospholipids ratio.

Parameter Groups

Controls Smokeless tobacco users 

Gutkha chewers Khaini chewers

Proteins (mg/dl) 83.98±4.36 91.55±4.06NS 87.74±4.63NS

Cholesterol 
(µg/mg protein) 373.77±26.75 588.74±23.71* 469.39±23.96**

Phospholipids 
(µg/mg protein) 127.40±5.30 163.44±5.04* 152.81±4.69*

C/P ratio 2.93 3.6 3.07
Data are represented as the mean ± SEM. * denotes that data are 
significantly different with the normal controls and ** denotes that 
data are significantly different with the gutkha groups.

Table 2. Biochemical Profile in Platelet Membrane

Gene Primer Sequence
Bcl2 F5’CCTGATTCATTGGGAAGTTTCAA 3’

R5’AAACAAATGCATAAGGCAACGA 3’
Bax F 5’ TAATCCCAGCGCTTTGGAA 3’ 

R 5’ TGCAGAGACCTGGATCTAGCAA 3’
TNF-α    F 5’GAAAGCATGATCCGGGACGTG 3’

R 5’GATGGCAGAGAGGAGGTTGAC 3’
IL-6 F 5’-CCAGCTATGAACTCCTTCTC 3’

R 5’-GCTTGTTCCTCACATCTCTC 3’
Caspase 8 F 5’-CTGGGAAGGATCGACGATTA 3’

R 5’-CATGTCCTGCATTTTGATGG 3’
Caspase 10 F 5′-AATCTGACATGCCTGGAG-3’

R 5′-ACTCGGCTTCCTTGTCTAC-3′
Caspase 12 F 5′-GCCATGGCTGATGAGAAACC-3’

R 5′-CCTGAGTTGCTTCTTATGAG-3′ 
GAPDH F 5’-GAGTCAACGGATTTGGTCGT-3’ 

R5’-GACAAGCTTCCCGTTCTCAG-3’

Table 3. Primers Used in Reverse Transcription Analysis



Fareeda Begum Shaik et al

Asian Pacific Journal of Cancer Prevention, Vol 202170

sphingomyelin (SM) (G =0.024, K =0.09) presented in the 
red blood cell membrane of smokeless tobacco users and 
the levels of sphingomyelin in gutkha users found to be 
significant change. The experimental subjects showed to 
be decreased levels of phosphotidyl serine (PS) (G =0.09, 
K =0.30), phosphotidyl ethanolamine (PE) (G =0.051, 
K =0.20), and phosphotidyl ionositol (PI) (G =0.004, K 
=0.06) in comparison with the normal subjects and mean 
values of phosphotidyl ionositol of gutkha groups showed 
significant difference (Figure 3).

Gene expression analysis and status of oxidative stress
We have obtained significant difference of increased 

concentrations of Bcl2, Bax, Bcl2/Bax ratio, and IL-6 

were detected in the experimental subjects (Figure 4). The 
mean value of interleukin-6 was lower with no significant 
change in khaini users. The significantly increased levels 
of peroxynitrites (G =0.008, K =0.02), lipid peroxidation 
(G =0.10, K =0.08), protein oxidation (G =0.0003, K 
=0.002), nitrites (G =0.002, K =0.007), nitrates (G =0.12, 
K =0.36), and nitric oxide (G =0.01, K =0.054) were 
observed in the platelet membranes of habitual users 
of SLT. The mean difference of lipid peroxidation in 
SLT users, nitrates levels in gutkha users, and nitrates, 
nitric oxide in khaini users did not depicted significant 
difference (Figure 5). 

Figure 1. Levels of Oxidative and Nitrosative Stress Markers in Erythrocytes Data are Represented as the mean ± 
SEM. * denotes that data are significantly different with the normal controls. Note: NO2-Nitrites; NO3-Nitrates; NO-
Nitric oxide; MDA-Malondialdehyde.

Figure 2. Status of Glutathione and Antioxidant Enzymes in Erythrocytes Data are Represented as the mean ± SEM. * denotes that 
data are significantly different with the normal controls. Note: SOD-Superoxide dismutase; CAT-Catalase.
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Role of antioxidant enzymes in platelets
Results obtained in this study, the decreased levels 

of glutathione (G =0.03, K =0.07), superoxide dismutase 
(G =0.42, K =0.046), glutathione peroxidase (G =0.02, 
K =0.03), glutathione S-transferase (G =0.62, K =0.75), 
and catalase enzymes (G =0.052, K =0.15) were present 
in the experimental subjects compared to controls. The 
mean values of glutathione peroxidase in SLT users, levels 
of GSH in gutkha users, and concentrations of SOD in 
khaini users exhibited statistically significant difference 
(Figure 6).

Membrane fluidity and individual phospholipids
The present study revealed that smokeless tobacco 

users reported that significantly increased levels of outer 
leaflets of PC (G =0.038, K =0.50) and SM (G =0.001, 
K =0.04) when compared to normal healthy controls and 
the mean values of PC in khaini users did not showed 
statistically significant change. The non-tobacco users 
found to be increased levels of PS (G =0.09, K =0.37), 
PI (G =0.001, K =0.12), and PE (G =0.13, K =0.51) were 
observed in the platelet membrane and the mean difference 
of PI has significant change in the gutkha users. The 
membrane fluidity showed significantly decreased levels 

Figure 3. Concentrations of Individual Phospholipids and Membrane Fluidity in Controls and Smokeless Tobacco 
Users of Erythrocytes Data are Represented as the mean ± SEM.* denotes that data are significantly different with 
the normal controls. Results of osmotic fragility are expressed as mean. Note: PC-Phosphotidyl choline; SM-
Sphingomyelin; PE-Phosphotidyl ethanolamine; PS-Phosphotidyl serine; PI-Phosphotidyl ionositol.

Figure 4. Effect of Smokeless Tobacco on Apoptotic Proteins Data are Represented as the mean ± SEM. * denotes that 
data are significantly different with the normal controls. Note: IL-6-Interleukin-6.
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was reported in habitual users of SLT (G =0.007, K =0.12) 
compared to normal control subjects (Figure 7). 
Gene expression and western blot analysis

Upon evaluation of the data (Figure 8) presented that 
the significantly increased concentrations of various 
caspases (Caspase 8, caspase 10, and caspase 12) 
and values of caspase 12 did not have any significant 
effect in gutkha chewers (G=0.36). The khaini chewers 
showed significant increase in the levels of caspase 
8, caspase 10, and significant decreased expression of 
caspase 12. The smokeless tobacco users were found to 
be significantly decreased levels of TNF-α (G =0.012) 
than non-users group. The mean values of apoptotic 
proteins, TNF- α, and IL-6 showed significant change 
less than 0.05. Densitometric analysis of inducible nitric 

oxide synthase (iNOS) from the SLT-user group and the 
non-user group were represented in Figure 9. Moreover, 
we observed that smokeless tobacco users found to be 
significantly increased concentrations of iNOS in plasma, 
membranes of erythrocytes, and platelets (K=0.0002) in 
comparison with healthy controls. The levels of iNOS 
protein expression in SLT users of plasma, membranes of 
erythrocytes and platelets exhibited statistically significant 
difference. The brands of khaleja gutkha and mahak chaini 
of khaini were presented in Figure 10.

Discussion

The consumption of smokeless tobacco is a public 
health threat and over 350 million users globally present 

Figure 5. Concentrations of Oxidative and Nitrosative Stress Markers in Platelets Data are Represented as the mean ± 
SEM. * denotes that data are significantly different with the normal controls. 

Figure 6. Antioxidant Enzymes in Platelet Membranes of Experimental Subjects Data are Represented as the mean ± 
SEM. * denotes that data are significantly different with the normal controls. 
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in the South-East Asia region (Mehrotra et al., 2018). 
Free radicals are highly reactive species with unpaired 
electrons and could be able to involve in the damage 
of biomolecules like DNA strand breaks and enhanced 
mutation rates (Sun, 1990). The nitric oxide acts as pro-
inflammatory agent when present in increased levels than 
normal physiological amounts (Sharma, 2007). Our results 
are reported that the significant increase in the levels of 
nitric oxide synthase through the production of nitric 
oxide in plasma, erythrocytes, and platelets. The enhanced 
production of superoxide anion, lipid peroxidation, DNA 
fragmentation in the primary cultures of human oral 
keratinocytes in response to smokeless tobacco exposure 
(Bagchi et al., 1999). The nitric oxide is involved in the 

Figure 7. Smokeless Tobacco Induced Alterations in Individual Phospholipids and Membrane Fluidity in Platelets 
Data are Represented as the mean ± SEM. * denotes that data are significantly different with the normal controls. 

form of dual role in induction or inhibition of apoptosis. 
In the presence of higher concentrations, it may involve 
in the enhancement of caspase proteins and release of 
cytochrome c (Choi et al., 2002).

From the summary statistics, we concluded that the 
significant increase in the concentrations of peroxynitrites 
(ONOO-) in the membranes of erythrocytes and platelets. 
The potential roles of protein oxidation and nitration, lipid 
peroxidation, mitochondrial dysfunction, and cell death, 
by the peroxynitrite represent both a pathophysiologically 
relevant endogenous cytotoxin and oxidant (Radi, 2018). 
ONOO- showed high rates of diffusibility and freely 
crosses through phospholipid membranes (Marla et al., 
1997). Peroxynitrite is the oxidant which performed 

Figure 8. The Alterations of Different Caspases are Influenced by the Effects of Gutkha and Khaini Products Data are 
Represented as the mean ± SEM. * denotes that data are significantly different with the controls. Note: TNF-α-Tumor 
necrosis factor-alpha.
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the oxidation of thiol groups present in cysteine and 
glutathione which required oxygen (Quijano et al., 1997). 
Peroxynitrite mediated nitration mechanisms and will 
serve to study the factors controlling protein and lipid 
nitration in bio membranes and lipoproteins (Bartesaghi 
et al., 2006).

The experimental subjects showed that the decreased 
levels of protein carbonyls in the erythrocytes, but in 
platelets enhanced rate of protein oxidation was observed 
in the smokeless tobacco users. The positive association of 
increased protein oxidation and cellular metabolism leads 
to oxidative stress (Cecarini et al., 2007). Excess cellular 
levels of ROS cause damage to bio molecules results 
in the enhancement of apoptosis (Redza-Dutordoir and 
Averill-Bates, 2016). The presence of smokeless tobacco 
exposure and chewing, habitual users exhibited that 
decreased activities of antioxidants in both erythrocytes 
and platelets compared to non-tobacco users. Previous 
reports revealed that decrease in H2O2 by down regulation 

Figure 9. Immunoblots and Concentrations of Inducible nitric Oxide Synthase in Plasma, Erythrocytes, and Platelets 
Data are Represented as the mean ± SEM. * denotes that data are significantly different with the normal controls. 
Note: C-Controls; G-Gutkha users; K-Khaini users.

of superoxide dismutase activity supports apoptosis (Kahl 
et al., 2004). The enzymatic antioxidants of superoxide 
dismutases, catalases, glutathione system, thioredoxin 
system, peroxidase systems, flavo hemoglobins and 
nitrate or nitrite reductases play an important role in the 
scavenging of excess ROS and RNS species (Staerck et 
al., 2017).

Data presented that the smokeless tobacco users 
exhibited that the significantly increased expression 
of Bcl2, Bax, caspase proteins, IL-6, and decreased 
expression of TNF-α in comparison with normal controls. 
Tumor necrosis factor-alpha (TNF-alpha) can cause DNA 
damages through reactive oxygen species and antioxidants 
significantly reduced TNF-alpha-induced genetic 
damage (Yan et al., 2006). Nicotine can induce the Bcl2 
phosphorylation in association with prolonged survival 
through suppression of apoptosis (Mai et al., 2003). The 
smokeless tobacco extract (SLTE) caused dose-dependent 
cell death and reactive oxygen species production within 

Figure 10. Photographs of Khaini and Gutkha Brands Available in Indian Tobacco Market
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30 min to 3h of exposure (Mitchell et al., 2010). There 
is a positive uphill relationship between iNOS enzyme 
expression and apoptosis in human B cell lymphomas 
(Atik et al., 2006). The death ligands bind to death 
receptors results in recruitment of the caspase-8 which 
leads to the release of cytochrome c from mitochondria, 
triggering activation of apoptosis (Moodley et al., 2003).

From our results, we concluded that the significant 
rates of lipid peroxidation occurred in the membranes 
of gutkha and khaini users. The occurrence of 
free radical-induced lipid peroxidation causes considerable 
changes in the structural and functional organization of 
cell membrane (Jain, 1989). We have shown that the 
decreased membrane fluidity and increased osmotic 
fragility were detected in SLT users. The excess 
malondialdehyde is formed by the lipid peroxidation 
decreased the fluidity of the membrane lipid bilayer and 
increased the osmotic stability (Bryszewska et al., 1995). 
Increased  HDL cholesterol levels may able to induce 
erythrocyte cholesterol:phospholipid ratios, resulting in 
decreased deformability and increased osmotic fragility 
(Meurs et al., 2005). Platelet total cholesterol was higher 
in users of smokeless tobacco and hyperactive platelets 
with elevated levels of cholesterol might be involved in 
the development of coronary artery disease (Ravindran 
and Krishnan, 2007).

Apoptosis is a highly organized form of programmed 
cell death play an essential role in tissue homeostasis, 
organ development and senescence. Reactive oxygen 
and nitrogen species can oxidize cellular glutathione 
leading to the loss of intracellular redox homeostasis and 
activation of the apoptotic signaling cascade (Circu and 
Aw, 2012). The mean values of erythrocyte membrane 
cholesterol have found to be increased levels in gutkha 
and khaini users. Abnormal erythrocyte morphology was 
observed in hypercholesterolemic mice and morphology 
appeared immature with irregular shape (Holm et al., 
2002). Increased membrane cholesterol could be involved 
in the inhibition of apoptosis (Verstraeten et al., 2018). 
Fluidity of the membrane is decreased in diabetic patients 
and may complicate the flow of these cells in micro vessels 
(Shin et al., 2007).

In summary, we concluded that the role of reactive 
oxygen and nitrogen species, decreased activities of 
antioxidant enzymes like SOD, up regulation of nitric 
oxide synthase, increased expression of caspase 8 proteins 
compared to antiapoptotic protein Bcl2 played a major 
role in the activation and progression of apoptosis in the 
blood of exposed gutkha and khaini users. The smokeless 
tobacco products are actively engaged in the elevation of 
apoptosis in the blood and further studies are needed to 
investigate the specific toxicants of SLT products in the 
induction of apoptosis.

Acknowledgements

Conflict of interest
The Author(s) declare(s) that there is no conflict of 

interest.

Declarations of interest
None.

Funding Acknowledgements
Fareeda Begum Shaik received ICMR fellowship 

from the period of 2013 to 2018. Currently we received 
no specific grant from funding agencies.

References

Aebi HE (1984). Catalase in vitro. Methods Enzymol, 105, 
121-26.

Agaku IT, Alpert HR (2016). Trends in annual sales and current 
use of cigarettes, cigars, roll-your-own tobacco, pipes, 
and smokeless tobacco among US adults, 2002-2012. Tob 
Control, 25, 451-7. 

Avasn Maruthit Y, Rao RS, Palivela H, et al (2004). Impact of 
gutkha chewing and smoking on microbial environment of 
oral cavity: a case study on slum dwellers of selected areas 
in Visakhapatnam. J Environ Sci Eng, 46, 268-73.

Bagchi M, Balmoori J, Bagchi D, et al (1999). Smokeless 
tobacco, oxidative stress, apoptosis, and antioxidants 
in human oral keratinocytes. Free Radic Biol Med, 26, 
992-1000.

Bartesaghi S, Valez V,Trujillo M, et al (2006). Mechanistic studies 
of peroxynitrite-mediated tyrosine nitration in membranes 
using the hydrophobic probe N-t-BOC-L-tyrosine tert-butyl 
ester. Biochemistry, 45, 6813-25. 

Beckman JS, Ischiropoulos H, Zhu HL, et al (1992). Kinetics 
of superoxide dismutase and iron–catalyzed nitration of 
phenolics by peroxynitrite. Arch Biochem Biophys, 298, 
438-45.

Borgerding MF, Bodnar JA, Curtin GM, et al (2012). The 
chemical composition of smokeless tobacco: a survey of 
products sold in the United States in 2006 and 2007. Regul 
Toxicol Pharmacol, 64, 367 -87.

Brunnemann KD, Prokopczyk B, Djordjevic MV, et al (1996). 
Formation and analysis of tobacco-specific N-nitrosamines. 
Crit Rev Toxicol, 26, 121-37. 

Bryszewska M, Zavodnik IB, Niekurzale A, et al (1995). 
Oxidative processes in red blood cells from normal and 
diabetic individuals. Biochem Mol Biol Int, 37, 345-54. 

Buege JA, Aust SD (1978). Microsomal lipid peroxidation. 
Methods Enzymol, 52, 302-10.

Cecarini V, Gee J, Fioretti E, et al (2007). Protein oxidation and 
cellular homeostasis: Emphasis on metabolism. Biochim 
Biophys Acta, 1773, 93-104.

Choi BM, Pae HO, Jang SI, et al (2002). Nitric oxide as a 
pro-apoptotic as well as anti-apoptotic modulator. J Biochem 
Mol Biol, 35, 116-26.

Choi JH, Yu BP (1990). Unsuitability of TBA test as a lipid 
peroxidation marker due to prostaglandin synthesis in the 
aging kidney. Age, 13, 61-4.

Circu ML, Aw TY (2012). Glutathione and modulation of cell 
apoptosis. Biochim Biophys Acta, 1823, 1767-77. 

Connerty HV, Briggs AR, Eaton EH (1961). Determination of 
serum phospholipids, lipid phosphorus. In: Varley, H. (Ed.), 
Practical, Clinical Biochemistry, fourth ed., CBS Publishers, 
India, pp 319-20.

Crooks PA, Godin CS, Pool WF (1992). Enantiomeric purity 
of nicotine in tobacco smoke condensate. Med Sci Res, 20, 
879-80. 

Croucher R, Dahiya M, Gowda KK (2013). Contents and price 
of vendor assembled paan quid with tobacco in five London 
localities: a cross-sectional study. Toba Control, 22, 141-3.  

Dodge JT, Mitchell C, Hanahan DJ (1963). The preparation and 



Fareeda Begum Shaik et al

Asian Pacific Journal of Cancer Prevention, Vol 202176

chemical characteristics of hemoglobin free ghosts of human 
erythrocytes. Arch Biochem Biophys, 100, 119-30.

E Atik, M Ergin, S Erdogan, I Tuncer (2006). Inducible nitric 
oxide synthase and apoptosis in human B cell lymphomas. 
Mol Cell Biochem, 290, 205-09. 

Ellman GL (1959). Tissue sulfhydryl groups. Arch Biochem 
Biophys, 82, 70-7.

Fiske CH, Subbarow Y (1925). The colorimetric determination 
of inorganic phosphorus. J Biol Chem, 66, 375-404. 

Folch J, Ascoli I, Lees M, et al (1951). Preparation of lipid 
extracts from brain tissue. J Biol Chem, 191, 833-41.

Holm TM, Braun A, Trigatti BL, et al (2002). Failure of red 
blood cell maturation in mice with defects in the high-density 
lipoprotein receptor SR-BI. Blood, 99, 1817-24.

Jain SK (1989). Hyperglycemia can cause membrane lipid 
peroxidation and osmotic fragility in human red blood cells. 
J Biol Chem, 264, 21340-45.

Kahl R, Kampkotter A, Watjen W, et al (2004). Antioxidant 
enzymes and apoptosis. Drug Metab Rev, 36, 747-62.

Kakkar P, Das B, Vishwanathan PN (1984). A modified 
spectrophotometric assay of superoxide dismutase. Indian 
J Biochem Biophys, 21, 130-2. 

Kanai LM (1988). in: Reubeu Israel (Ed.), Medical Laboratory 
Technology. A Procedure Manual for Routine Diagnostic 
Tests. Tata Mc Grawhill Publishing Company, pp 287.

Levine RL, Garland D, Oliver CN, et al (1990). Determination 
of carbonyl content in oxidatively modied proteins. Methods 
Enzymol, 186, 464-78.

Lowry OH, Rosenbrough NJ, Farr AL, et al (1951). Protein 
measurement with Folin phenol reagent. J Biol Chem, 193, 
265-75.

Mai H, May WS, Gao F, et al (2003). A functional role for 
nicotine in Bcl2 phosphorylation and suppression of 
apoptosis. J Biol Chem, 278, 1886-91. 

Marla SS, Lee J, Groves JT (1997). Peroxynitrite rapidly 
permeates phospholipid membranes. Proc Natl Acad Sci U 
S A, 94, 14243-48.

Mehrotra R, Grover S, Chandra A (2018). Role of World Health 
Organization framework convention on tobacco control 
global knowledge hub on smokeless tobacco. Indian J Med 
Res, 148, 7-13.

Menashi S, Weintroub H, Crawfor N (1981). Characterization of 
human platelet surface and intra-cellular membranes isolated 
by free flow electrophoresis. J Biol Chem, 256, 4095-101.

Meurs I, Hoekstra M, van Wanrooij EJ, et al (2005). HDL 
cholesterol levels are an important factor for determining 
the lifespan of erythrocytes. Exp Hematol, 33, 1309-19.

Mitchell C, Joyce AR, Piper JT, et al (2010). Role of oxidative 
stress and MAPK signalling in reference moist smokeless 
tobacco-nduced HOK-16B cell death. Toxicol Lett, 195, 
23-30.

Moodley YP, Misso NL, Scaffidi AK, et al (2003). Inverse 
effects of interleukin-6 on apoptosis of fibroblasts from 
pulmonary fibrosis and normal lungs. Am J Respir Cell Mol 
Biol, 29, 490-8. 

Quijano C, Alvarez B, Gatti RM, et al (1997). Pathways of 
peroxynitrite oxidation of thiol groups. Biochem J, 322, 
167-73.

Radi R (2018). Oxygen radicals, nitric oxide, and peroxynitrite: 
Redox pathways in molecular medicine. Proc Natl Acad Sci 
U S A, 115, 5839-48. 

Ravindran R, Krishnan LK (2007). Increased platelet cholesterol 
and decreased percentage volume of platekets as a secondary 
risk factor for coronary artery disease. Pathophysiol Haemost 
Thromb, 36, 45-51.

Redza-Dutordoir M, Averill-Bates DA (2016). Activation of 
apoptosis signalling pathways by reactive oxygen species.  

Biochim Biophys Acta, 1863, 2977-92.
Rotruck JT, Pope AL, Ganther HE, et al (1973). Selenium: 

biochemical role as a component of glutathione peroxidase. 
Science, 179, 588-90.

Sastry KVH, Moudgal RP, Mohan J,  et  al  (2002). 
Spectrophotometric determination of serum nitrite and 
nitrate by Copper-Cadmium alloy. Ana Biochem, 306, 79-82.

Sharma JN, Al-Omran A,  Parvathy SS (2007). Role of nitric 
oxide in inflammatory diseases. Inflammopharmacology,  
9, 252 -59.

Shin S, Ku Y, Babu N, et al (2007). Erythrocyte deformability 
and its variation in diabetes mellitus. Indian J Exp Biol, 
45, 121-8.

Sinha DN, Agarwal N, Gupta PC (2015). Prevalence of 
smokeless tobacco use and number of users in 121 countries. 
Br J Med Med Res, 9, 1-20.

Skipski VP, Peterson RF, Berealy M (1964). Quantitative 
analysis of phospholipids by thin-layer chromatography. 
Biochem J, 90, 374-78.

Staerck C, Gastebois A, Vandeputte P, et al (2017). Microbial 
antioxidant defense enzymes. Microb Pathog, 110, 56-65.

Stanfill SB, Oliveira da Silva AL, Lisko JG, et al (2015). 
Comprehensive chemical characterization of Rape tobacco 
products: Nicotine, un-ionized nicotine, tobacco-specific 
N’-nitrosamines, polycyclic aromatic hydrocarbons, and 
flavour constituents. Food Chem Toxicol, 82, 50-8.

Suliankatchi RA, Sinha DN, R. Rath R, et al (2017). Smokeless 
tobacco use is replacing the smoking epidemic in the South 
East Asia Region. Nicotine Tob Res, 21, 95-100.

Sun Y (1990). Free radicals, antioxidant enzymes, and 
carcinogenesis. Free Radic Biol Med, 8, 583-99. 

Thakur JS, Prinja S, Bhatnagar N, et al (2015). Widespread 
inequalities in smoking and smokeless tobacco consumption 
across wealth quintiles in States of India: Need for targeted 
interventions. Indian J Med Res, 141, 789-98.

Vakkala M, Kahlos K, Lakari E, et al (2000). Inducible nitric 
oxide synthase expression, apoptosis, and angiogenesis in 
insitu and invasive breast carcinomas. Clin Cancer Res, 6, 
2408-16.

Verstraeten SL, Albert M, A Paquot A, et al (2018). Membrane 
cholesterol delays cellular apoptosis induced by ginsenoside 
Rh2, a steroid saponin. Toxicol Appl Pharmacol, 352, 59-67.  

Yan B, Wang H, Rabbani ZN, et al (2006). Tumor necrosis factor 
alpha is potent endogenous mutagen that promotes cellular 
transformation. Cancer Res, 66, 11565-70.

Zhang H, Pang Y, Luo Y, et al (2018) Enantiomeric composition 
of nicotine in tobacco leaf, cigarette, smokeless tobacco, 
and e-liquid by normal phase high-performance liquid 
chromatography. Chirality, 30, 923-31. 

Zlatkis A, Zak B, Boyle AJ (1953). A new method for the direct 
determination of serum cholesterol. J Lab Clin Med, 4, 
486-92.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


