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Abstract: Indoor air pollution occurs due to hazardous pollutants, such as tobacco smoke, pesticides and carbon oxides,
sulphur oxides and nitrogen oxides arising from combustion of biomass fuels. Exposure to these pollutants results in respiratory conditions like asthma, chronic obstructive pulmonary disease, lung cancer, pneumonia and other lower respiratory
infections. Several of these infections are a result of inﬂammation and oxidative stress. Here we demonstrate the ability of
N, N  -diacetylchitobiose in preventing oxidative DNA damage in peripheral blood mononuclear cells exposed to biomass
smoke extracts and cigarette smoke extract. The cytotoxic eﬀect of these pollutants was determined by trypan blue exclusion assay in peripheral blood mononuclear cells, where cytotoxicity in decreasing order was cigarette > wood > sawdust >
cowdung. Cytotoxicity could be due to single- and double-strand breaks in the DNA as a result of oxidative stress. Comet
assay measures the extent of DNA damage in the cells exposed to toxic agents. When mononuclear cells were treated with
N, N  -diacetylchitobiose and later exposed to smoke extracts, the extent of DNA damage decreased by 44.5% and 57.5%
as compared to untreated cells. The protection oﬀered by N, N  -diacetylchitobiose towards oxidative DNA damage was
at par with quercetin, a popular herbal medicine. Glutathione-S-transferase activity was determined in mononuclear cells
exposed to smoke extracts, where oxidative stress in cells exposed to cigarette smoke extract was maximum. The present
study demonstrates for the ﬁrst time the ability of N, N  -diacetylchitobiose to alleviate the harmful eﬀects of indoor air
pollutants.
Key words: N, N  -diacetylchitobiose; comet assay; indoor air pollution; biomass smoke; cigarette smoke; cytotoxicity;
glutathione-S-transferase.
Abbreviations: BSEs, biomass smoke extratcs; COPD, chronic obstructive pulmonary disease; COS, N -acetylated chitooligosaccharides; CSE, cigarette smoke extract; DMSO, dimethyl sulfoxide; (GlcNAc)2 , N, N  -diacetylchitobiose; GST,
glutathione-S-transferase; IAP, indoor air pollution; LPG, liqueﬁed petroleum gas; OS, oxidative stress; PBMCs, peripheral
blood mononuclear cells; PBS, phosphate buﬀered saline; ppm, parts per million; ROS, reactive oxygen species; SCGE,
single cell gel electrophoresis; WHO, World Health Organization.

Introduction
Cooking practices in rural communities and poor urban
settlements are largely based on the use of solid biomass
fuels, such as wood, coal, dried leaves, cowdung, crop
residues, etc. (Bruce et al. 1998). In 2009 World Health
Organization (WHO) had reported indoor air pollution
(IAP) as tenth major cause of death globally, and ﬁrst
amongst environmental risk factors. More than 4.3 million people die every year by inhalation of indoor smoke
due to burning of unprocessed biomass fuel as reported
by WHO in 2014. This largely compromises the quality of health although the consequences are avoidable.
Traditional cook-stove (Chulha), being a part of rural

kitchen, adds up the burden of cocktail of pollutants like
particulate matter, carbon monoxide, nitrogen dioxide,
sulphur dioxide, volatile organic compounds, polycyclic
aromatic hydrocarbons and free radicals leading to IAP
by burning of these biomass fuels (WHO 2000, 2011).
These pollutants are at least 50 times more noxious
than liqueﬁed petroleum gas (LPG) (Smith 2003). The
majority of population like women, young children and
elderly people are more vulnerable to toxic eﬀects of
biomass fuel smoke as they spend most of their time
indoors (Smith 1993). It is well known that biomass
smoke and cigarette smoke induced IAP is potentially
responsible for a range of diseases, i.e. chronic obstructive pulmonary disease (COPD) (Ceylan et al. 2006),
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Fig. 1. Structure of (GlcNAc)2 .

lung cancer (Smith & Liu 1994), asthma, cardiovascular diseases, cataracts, tuberculosis (Balkrishnan et al.
2004; Smith et al. 2004; Fullerton et al. 2008) and other
acute lower respiratory infections (Smith et al. 2000)
mainly due to inﬂammation and oxidative stress (OS).
Reactive oxygen species (ROS) produced due to OS affect human health and damage vital macromolecules in
the body, such as nucleic acids, carbohydrates, proteins
and lipids. Cigarette smoke extract (CSE) mediated OS
is mainly because of the production of H2 O2 (Downs
et al. 2011). CO and SO2 , being the principle components of wood, cowdung and cigarette smoke, contribute signiﬁcantly to the IAP. CO toxicity has been
studied by many and DNA damage due to eﬀect of CO
has already been reported (Hopkins & Evans 1980; Ozturk et al. 2002; Slezak et al. 2014). The eﬀect of SO2
on male and female reproductive toxicity is well documented, where exposure to SO2 [(100–400 parts per
million (ppm)] led to immediate danger of death. Low
concentrations (< 40 ppm) increased the morbidity and
mortality rate in few cases and changed lung function
(Campbell et al. 2011).
N, N  -diacetylchitobiose (GlcNAc)2 (Fig. 1), the
dimer of N -acetylglucosamine is reported for antiinﬂammatory (Wang et al. 2009), antimicrobial (Liang
et al. 2007), anti-angiogenic, immune stimulating
(Wang 2010), antioxidant (Chen et al. 2003; Nawani
et al. 2010; Azam et al. 2014) and DNA damage protecting ability (Ngo et al. 2010; Salgaonkar et al. 2015).
We have previously demonstrated the protective
function of N -acetylated chitooligosaccharides (COS)
towards oxidative DNA damage induced by hydrogen
peroxide, where (GlcNAc)2 oﬀered 59.5% protection
to peripheral blood mononuclear cells (PBMCs) (Salgaonkar et al. 2015). Therefore, the protective nature
of (GlcNAc)2 encouraged us to assess its ability to reduce the toxic eﬀects of IAP due to oxidative stress.
It is reported that chitotriosidase and acid mammalian
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chitinase produced by humans result in production of
(GlcNAc)2 (Boot et al. 2001; Prakash et al 2013). These
enzymes are elevated in lung inﬂammatory conditions
suggesting a possible natural role of (GlcNAc)2 that
can be further explored to develop therapeutic agents
for lung diseases (Létuvé et al. 2010). Besides, chitin
bio-waste can serve as a natural resource for the enzymatic extraction of (GlcNAc)2 (Nawani et al. 2010).
Pollutants like CO, SO2 , NO and NO2 arising from
biomass combustion and cigarette smoke were trapped
in organic solvent. PBMCs were exposed to these pollutants and their cytotoxicity was determined. The protective ability of (GlcNAc)2 (≥ 96% purity) towards
oxidative DNA damage induced by biomass smoke extracts (BSE) and CSE was estimated. The glutathioneS-transferase (GST) as a biomarker of oxidative stress
was also evaluated by estimating its activity in PBMCs
exposed to cowdung smoke extract and CSE. The possible preventive role of (GlcNAc)2 has not been studied
so far in any research for reducing the dangerous eﬀects
of IAP.
Material and methods
Materials
(GlcNAc)2 (purity ≥ 96%), low melting point agarose,
dimethyl sulfoxide (DMSO) and sarcosine were purchased
from Sigma Aldrich (St. Louis, MO, USA). H2 O2 (50% v/v),
quercetin, GST and trypan blue dye (0.4%) were procured
from HiMedia Laboratories Pvt. Ltd. (Mumbai, India). All
other chemicals speciﬁed were of highest analytical grade
and obtained from Thermo Fischer Scientiﬁc (Mumbai, India). Biomass, such as wood and sawdust, cowdung cakes
and commercial hard-tar cigarette (Marlboro, Philip Morris, Inc., Richmond, VA, USA, containing 10 mg tar and
0.8 mg nicotine) were purchased from local market.
Determination of emission levels of carbon, sulfur and nitrogen oxides from biomass smoke, cigarette smoke and LPG
IAP was recorded in terms of ﬂue gases generated by burning of wood (sawdust and wood), cowdung and commercial
hard tar cigarette. The ﬂue gases were analyzed for CO,
SO2 , NO and NO2 emissions by a portable ﬂue gas analyzer
(Testo-350, Testo Ltd., Hampshire, UK). The analysis was
carried out in real time by Testo easy emission software with
a measure rate of 5 s. Sawdust, wood and cowdung (0.2 g
each) and cigarette (butt length 3 cm) were burnt in a crucible for 15 s and the ﬂue gases emitted were measured at a
distance of 10 cm from the source. The measurements were
recorded by using a gas sensor probe attached to Testo-350
control unit for 2.30 min, the time required to turn the complete biomass (0.2 g) into ash. Ambient air and LPG were
kept as controls.
Preparation of BSEs and CSE
BSEs were prepared by the method of Bolling et al. (2012)
with slight modiﬁcations. The extracts were freshly prepared, immediately before use, by separately burning 0.2 g
of sawdust, wood and cowdung. Smoke from each source
was collected in an inverted glass tube for 3 min and was
reconstituted in 1 mL of 0.2% DMSO at room temperature. This stabilizes ROS generated and solubilises waterinsoluble lipophilic compounds. This suspension was further
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sonicated in an ultrasonic water bath for 20 min to prepare a
homogenous mixture. The BSEs were then ﬁltered through
a 0.22 µm pore ﬁlter. This solution was an undiluted BSE
and further used for assays. Smoke from commercial hightar cigarette (Marlboro brand) was collected for 3 min and
treated in the same way as that for BSE and was referred
to as CSE.

plug-in (Gyori et al. 2014). The most common comet parameter, i.e. the percent DNA in tail was selected to express the
DNA damage in the form of DNA fragments formed in the
tail region of cell by the formula as follows:

Cytotoxicity of BSEs and CSE by trypan blue dye exclusion
assay
The cytotoxicity of BSEs and CSE was analyzed by determination of cell viability using trypan blue dye exclusion
assay. PBMCs with cell density 2 × 106 cells/mL were exposed to undiluted BSEs and CSE for 1 h at room temperature. After 1 h exposure, PBMCs were washed by centrifuging at 130× g for 5 min and resuspended in 10 µL
PBS. The number of viable cells were determined based on
membrane integrity where 10 µL of cells were stained with
10 µL of trypan blue dye (0.4%) and incubated for 4 min
at room temperature. The cells were observed and counted
using Neubaur’s chamber at 400× magniﬁcation. The percent cell viability for each treatment was expressed in the
form of number of viable cells with respect to total cells by
the following formula:

Estimation of GST activity
GST activity estimation kit (CCK028, Himedia EZAssayTM )
was used for this assay to estimate the activity of GST in
PBMCs (2× 106 cells/mL) exposed to BSEs and CSE for
1 h at room temperature. This kit was based on the conjugation of 1-chloro-2,4-dinitrobenzene with reduced glutathione
that produces a dinitrophenyl thioether, which can be detected at 340 nm. After 1 h, cell lysates were prepared as
per protocol mentioned in the kit and supernatant obtained
was tested for GST activity. Initially the assay buﬀer and
sample buﬀer from the kit were diluted (1 : 2) as per method
described in the kit. The amount of 930 µL assay buﬀer was
used to set the spectrophotometer to zero. To this, 10 µL
of glutathione and 10 µL of substrate solution were added,
mixed and the absorbance was read at 340 nm after every
1 min to obtain 6 readings referred to as blank readings.
Six µL of the GST standard was added to above substrate
mixture for positive control and for the test samples (cell
supernatants from each treatment). Fifty µL of these supernatants were thoroughly mixed with above substrate mixture and absorbance was read at 340 nm every 1 min to get
6 readings referred to as test readings. The GST activity
was calculated based on the following formula mentioned in
the protocol:

% viable cells = (number of viable cells / total number of
cells) × 100
Assessment of DNA damage in PBMCs exposed to BSEs
and CSE by comet assay
The toxic eﬀects of BSEs and CSE were assessed in PBMCs
by a method of alkaline comet assay, as described by Singh
et al. (1988) and Holz et al. (1995) with minor modiﬁcations
described by Salgaonkar et al. (2015). Brieﬂy, a single cell
suspension of PBMCs was prepared, treated with undiluted
BSEs and CSE for 1 h at room temperature to induce DNA
damage. The cells were centrifuged at 130× g for 5 min after
exposure to BSEs and the pellet formed was washed twice
with phosphate buﬀered saline (PBS). The cells obtained
were further used for determination of extent of DNA damage. The vehicle control was included in the assay, where
cells were treated with 0.2% DMSO only to minimize the
endogenous DNA damage. To optimize the method, preliminary dose-response studies were carried out with 100 µM of
H2 O2 as oxidant and (GlcNAc)2 (Salgaonkar et al. 2015).
Determination of protective eﬀects of (GlcNAc)2 in PBMCs
against BSE and CSE
To investigate the protective eﬀect of (GlcNAc)2 against
BSE and CSE, PBMCs were ﬁrst treated with 100 µM
(GlcNAc)2 for 10 min at 4 ◦C, centrifuged at 130× g for
5 min, and pellet was washed twice with PBS. The cells
were then exposed to BSE and CSE for 1 h at room temperature. After exposure, PBMCs were washed with PBS and
comet assay was performed as described above. Quercetin
(10 µM) as positive control and (GlcNAc)2 alone (100 µM)
(Salgaonkar et al. 2015) were included for its known protective eﬀect against H2 O2 -induced DNA damage.
Quantitation of comets
All the treatments were performed in triplicates. The slides
were prepared and observed under a ﬂuorescent microscope
(Olympus CX41, Hamburg, Germany) after 15 min of staining at 100× magniﬁcation, which was attached to a ProgRes
C3 camera connected to a computer. The DNA damage was
calculated in ﬁfty randomly selected individual cells by using ImageJ analysis software v1.48 with OpenComet 1.3 as

% DNA in tail = (tail DNA intensity / cell DNA intensity)
× 100

GST activity (µmole/mL/min) = [(ΔA340 /min × 1) /
(9.6 × 0.05 mL)] × sample dilution factor,
where ΔA340 = change in absorbance (ΔA340 ) per min;
1 mL = reaction volume; 9.6 mM−1 cm−1 = extinction coeﬃcient for test (glutathione-2,4-dinitrobenzene adduct) in
cuvette (path length = 1 cm); 0.05 mL = sample volume.
Statistical analysis
The ﬂue gas analysis was performed in triplicates. The results from the analysis were expressed as mean ± standard
deviation of three measurements (n = 3). The data derived
from comet assay and cell viability by trypan blue dye exclusion experiments was subjected to one way Analysis of
Variance (ANOVA) followed by Tukey’s multiple comparisons test by using GraphPad Prism 6.0 (GraphPad Prism
software, USA). The test criterion for statistical signiﬁcance
was p < 0.05. The GST activity data was displayed as
mean ± standard error of three measurements (n = 3). The
graphs were plotted using Origin 6.0 statistical software.

Results and discussion
Determination of emission levels of carbon, sulfur and
nitrogen oxides from solid biomass fuel smoke, cigarette
smoke and LPG
Flue gas analysis from biomass and cigarette at a distance of 10 cm in controlled conditions indicated signiﬁcantly higher CO, SO2 , NO and NO2 emission levels than LPG. Table 1 illustrates the emission levels
of these gases from biomass (wood, sawdust, cowdung)
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Table 1. Analysis of CO, SO2 , NO and NO2 from biomass smoke (wood, sawdust, cowdung) and cigarette smoke.
Flue gases [Mean (ppm)a ]

Flue gases [Max-Min (ppm)]
Biomass smoke

Ambient air
LPG
Sawdust
Wood
Cowdung
Cigarette
a

CO

SO2

NO

NO2

CO

SO2

NO

NO2

0.1–0.0
5.0–0.0
6798.0–122.0
1935.5–1.5
3916.3–170.6
5865.0–98.6

0.0
1.0–0.0
11.0–0.0
0.0
11.0–0.3
53.3–0

0.0
7.0–0.0
0.76–0.0
16.5–0.0
0.2–0.0
128.6–2.6

0.0
0.2–0.0
37.66–0.0
0.2–0.0
0.6–0.0
0.36–0.0

0.1 ± 0.05
2.0 ± 0.05
2173.0 ± 697.0
854.0 ± 379.0
2258.3 ± 202.0
3115.0 ± 530.0

0.0
1.0 ± 0.5
6.33 ± 4.0
0.0
7.0 ± 1.0
30.3 ± 4.04

0.0
3.0 ± 1
0.16 ± 0.05
7.5 ± 3.5
0.0
90.0 ± 9.84

0.0
0.1 ± 0.05
14.66 ± 0.6
0.05 ± 0.07
0.0
0.0

The ppm values mentioned above were from mean ± SD of three replicates.

and cigarette. The concentrations of the gases are expressed as ppm and mean ± standard deviation of
three replicates for ease of comparison. These toxic substances emitted were compared with that from ambient air and LPG. Exposure to such harmful emissions
leads to mutagenecity or genotoxicity causing damages
in DNA. In the present study, the emission levels of CO
and SO2 from smoke are in the order of cigarette > cowdung > sawdust > wood. Cowdung has not shown any
NO and NO2 emissions. Our study indicated increase
in the levels of CO (3,455 ppm), SO2 (30 ppm), NO
(90 ppm) and no change in NO2 (0 ppm) from cigarette
(butt length = 8.3 cm, burnt = 3 cm in 2.30 min) than
cowdung CO (2,390 ppm), SO2 (7 ppm), NO and NO2
(0 ppm) by ﬂue gas analyzer at a distance of 10 cm in
tube method. Higher levels of emissions would be observed if more number of cigarettes are burnt for longer
duration in a day.
CO, SO2 , NO and NO2 in sawdust smoke were
2,173, 6.33, 0.16 and 14.66 ppm, respectively, and 854,
0, 7.5 and 0.05 ppm, respectively, for wood smoke.
Wood smoke had lower levels of CO, SO2 , NO and
NO2 than sawdust smoke. Since these results were obtained in controlled conditions, the emission levels of
these obnoxious gases will vary depending upon the
time of exposure, type and amount of biomass, humidity, etc. All the above values were higher as compared
to LPG, which gave 2 ppm CO, 1 ppm SO2 , 3 ppm NO
and 0.1 ppm NO2 . To maintain uniformity throughout
the experiments, all measurements were carried out by
burning the biomass (0.2 g) and cigarette (3 cm) for
15 s and readings were taken for 2.30 min at 10 cm
from the source.
Cytotoxicity of BSEs and CSE by trypan blue dye exclusion assay
The cytotoxic eﬀects of BSEs and CSE in PBMCs
were evaluated by trypan blue dye exclusion assay
(Fig. 2). It is well known that OS inﬂuences the cell
viability (Castillo et al. 2007; Mates et al. 2012).
Our results showed that number of viable cells decreased after 1 h exposure to smoke extracts. The
viable cells were least for cigarette smoke followed
by wood and sawdust smoke and were maximum for
cowdung smoke indicating that cigarette smoke was
most harmful. Bazzini et al. (2013) showed that CSE
signiﬁcantly increased cell mortality via apoptosis-

Fig. 2. Viability of PBMCs in presence of BSEs and CSEs (trypan blue dye exclusion assay). All smoke extracts were used in
undiluted form. PBMCs were treated with 0.2% DMSO as vehicle control (VC); smoke extract of sawdust and wood, cowdung
and cigarette for 1 h at room temperature. Hydrogen peroxide
(100 µM) was used as standard oxidant in comparison to the
toxic pollutants. Cell viability was expressed as percent of viable
cells with respect to total number of cells (n = 3, p < 0.05).

independent pathway, which correlates with our CSE
study.
Assessment of DNA damage in PBMCs exposed to
BSEs and CSE by comet assay
BSEs and CSE were used to induce oxidative stress
and 100 µM H2 O2 was used as a standard oxidant.
The comparative DNA damage in PBMCs due to the
toxic eﬀect of biomass and cigarette smoke was demonstrated (Fig. 3A,B). ANOVA followed by Tukey’s multiple comparison test shows DNA damage in PBMCs
due to H2 O2 (82.32%), cigarette (73.92%) and cowdung
(58.89%) smoke extracts is signiﬁcant as compared to
0.2% DMSO (8.29%) used as vehicle control (R2 = 0.99,
p < 0.05). There is no signiﬁcant change in DNA damage for sawdust and wood smoke extracts (11.63% and
8.37% DNA in tail, respectively) as compared to vehicle control. These results were also supported by the
research done by Rekhadevi et al. (2009), in which no
signiﬁcant DNA damage was seen in human beings even
after years of occupational exposure to wood dust; in
contrast more damage was seen with increasing age, or
consumption of alcohol and smoking.
The DNA damage was maximum for cigarette
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Fig. 3. (A) Comparative DNA damage of PBMCs exposed to 100 µM H2 O2 , cigarette smoke extract and biomass smoke extracts
(cowdung, sawdust and wood). Cells were treated with undiluted smoke extracts for 1 h at room temperature in dark (n = 3, p < 0.05).
(B) Representative comets indicating DNA damage in PBMCs treated with (a) 0.2% DMSO as vehicle control, (b) 100 µM H2 O2 , (c)
sawdust smoke extract, (d) wood smoke extract, (e) cowdung smoke extract, and (f) cigarette smoke extract. Magniﬁcation = 100×.

Fig. 4. DNA damage induced with 100 µM H2 O2 and protective ability of (GlcNAc)2 and quercetin in PBMCs. (A) Treatment with
100 µM (GlcNAc)2 and 10 µM quercetin for 10 min at 4 ◦C in dark. (B) Pretreatment with 100 µM (GlcNAc)2 and 10 µM quercetin
and then exposure to 100 µM H2 O2 for 10 min at 4 ◦C in dark, indicating protective eﬀect of (GlcNAc)2 and quercetin (n = 3, p <
0.05). (C) Representative comets when PBMCs were exposed to (a) (GlcNAc)2 , (b) quercetin, (c) pretreatment with (GlcNAc)2 and
then exposure to 100 µM H2 O2 , and (d) pretreatment with quercetin and then exposure to 100 µM H2 O2 . Magniﬁcation = 100×.

smoke followed by cowdung smoke and was least for
sawdust and wood smoke. The results in this study
suggest that even though sawdust and wood smoke extracts were cytotoxic to PBMCs, they did not show any
DNA damage. On the other hand, cowdung smoke extract and CSE were cytotoxic and DNA damage could
be seen in PBMCs exposed to them.

Assessment of possible protective eﬀect of (GlcNAc)2
towards BSEs and CSE induced DNA damage
The possible protective eﬀect of (GlcNAc)2 for PBMCs
exposed to cowdung smoke extract and CSE was investigated in vitro by comet assay. Quercetin is reported for its harmful (when concentration is high
such as 50 µM) as well as protective eﬀects on human
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Fig. 5. Protection oﬀered by (GlcNAc)2 towards oxidative DNA damage in PBMCs exposed to cowdung and cigarette smoke. (A)
Exposure to CSE versus pretreatment of PBMCs with 100 µM (GlcNAc)2 followed by exposure to CSE. (B) Exposure to cowdung
smoke extract versus pretreatment of PBMCs with 100 µM (GlcNAc)2 followed by exposure to cowdung smoke extract (n = 3,
p < 0.05). (C) Representative comets for PBMCs pretreated with (GlcNAc)2 followed by the treatments expressed in (A) and (B).
Magniﬁcation = 100×.

health (≤ 10 µM) (Musonda & Chipman 1998). Hence,
(GlcNAc)2 (100 µM) was compared with quercetin
(10 µM) for any induction of DNA damage when H2 O2
was used as an oxidant. There was no signiﬁcant difference between (GlcNAc)2 and quercetin, as both did
not induce DNA damage greater than 13% (13.25% and
13.05% DNA in tail, respectively) for cells that were
not exposed to any oxidant (Fig. 4A,Ca,Cb). When
PBMCs were separately treated with (GlcNAc)2 and
quercetin, and exposed to H2 O2 , DNA damage respectively decreased to 24.51% and 11.74% DNA in tail as
compared to 82.32% damage induced by H2 O2 alone
(Fig. 4B,Cc,Cd). When PBMCs were treated with
(GlcNAc)2 and then exposed to cowdung smoke extract
and CSE, the DNA damage respectively decreased to
14.4% and 16.33% DNA in tail (Fig. 5A,B); and the
comets formed are shown in Figure 5Ca,Cb for the respective treatments as indicated above. The report published by Ngo et al. (2010) correlates with our ﬁndings:
there was a decrease in oxidative DNA damage of human lymphoma U937 by COS with molecular weight
ranging from 229.21 to 593.12. In this study, sawdust
and wood did not cause signiﬁcant DNA damage, so
they were not selected for (GlcNAc)2 protection experiments. These results are supported by the study of
Forchhammer et al. (2012), who demonstrated that no
signiﬁcant DNA damage occurs when cells are exposed
to controlled wood smoke for 3 h. One way Analysis of

Fig. 6. Estimation of GST activity in PBMCs exposed to cowdung
smoke extract and CSE. The amount of 2 × 106 cells/mL PBMCs
were treated with cowdung smoke extract and CSE for 1 h at
room temperature. Standard was included from HiMedia kit.

Variance (ANOVA) followed by Tukey’s multiple comparison test could testify that the protection oﬀered by
(GlcNAc)2 towards CSE and cowdung smoke extract
was indeed signiﬁcant with a correlation coeﬃcient 0.99
and p < 0.05.
Estimation of GST activity
To support the cell viability and comet assay data, we
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estimated the GST activity in PBMCs exposed to cowdung smoke extract and CSE (Fig. 6). The GST, being
glutathione dependent and the ﬁrst-line endogenous antioxidative enzyme, plays a crucial role in understanding the redox state of cell. GST activity was 7.7 times
higher in PBMCs exposed to cowdung smoke extract
than CSE, which further suggests that cowdung smoke
is posing less oxidative stress on PBMCs than cigarette
smoke. Similarly, Basak et al. (2010) reported an elevated GST activity in rat liver cells exposed to biomass
smoke and cigarette smoke. Lower values of GST observed in PBMCs exposed to CSE might be due to the
exhaustion and rapid consumption of this enzyme to
combat against free radicals generated during oxidative
stress.
Conclusions
This study demonstrates the protective eﬀect of
(GlcNAc)2 towards cowdung and cigarette smoke induced DNA damage in PBMCs. This is important as
those who are at a threat of exposure to smoke from
cigarette or from burning cowdung as a biomass fuel,
may be protected from severe toxic eﬀects by preventive measures using (GlcNAc)2 . Smoke extracts from
sawdust and wood did not show high DNA damage although they both decreased viability of PBMCs. This
could be due to a short time (1 h) exposure of PBMCs
to smoke extracts. Apparently, oxidative DNA damage
due to cigarette and cowdung smoke with the same exposure time (1 h) is more harmful than other biomass
fuels used in this study. Thus we can discourage the use
of cowdung as a biomass fuel, which is presently used in
rural and underdeveloped sections of several countries.
(GlcNAc)2 may be considered as a potential therapeutic agent for conferring protection from oxidative DNA
damage.
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