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ABSTRACT: Bidi, a form of hand-rolled cigarette, is prevalent mostly in rural India. On its combustion
during smoking, tobacco wrapped inside a bidi, accounts for generation of tremendous amount of harmful free
radicals and carcinogenic chemicals. These chemicals are known to increase oxidative stress in an exposed
biological system, causing cell death. The present study is an attempt to investigate the protective effect of
antioxidant and anti-inflammatory compound, Vasicine (active compound of Adhatoda vasica) against the
toxic effects induced by bidi smoke concentrate (BSC) on human macrophages (THP-1 cell line). The effect of
BSC, Vasicine, and their combinations was analyzed on cell viability on THP-1 cells through MTT assay.
Results have shown that Vasicine pre-treatment protected the cells against BSC-induced oxidative stress.
Further, cells exposed to above treatments were analyzed under inverted microscope and it was observed that,
BSC caused tremendous decrease in cell density and change in size, thus affecting the cell viability and

Cytotoxicity. morphology of the cells. Vasicine pre-treatment retained the cell viability of the cells exposed to bidi smoke
concentrate (BSC) to 11 + 0.03% in comparison to control. On estimating Nitric oxide (NO) radical
scavenging activity it was observed that, BSC treatment significantly increased the nitrite level in cells. This
level remained unchanged in Vasicine pre-treated cells. BSC treatment increased SOD activity also, and
Vasicine pre-treatment kept this activity almost near to control. Thus, it can be suggested from this study that
strong antioxidant potential of Vasicine might have protected THP-1 cells. Further investigation is required to
unveil its deeper molecular mechanism of action. © 2015 iGlobal Research and Publishing Foundation. All
rights reserved.

NOTE: Full length manuscript of Pant et al. Cytotoxic Effect of Indian Tobacco Rolls (Bidi) Smoke
Extract on Macrophages and its Prevention by Alkaloid Vasicine Obtained From Adhatoda Vasica . 2014;
4(3): 135.

INTRODU

CTION

Tobacco smoking is a major cause of respiratory ailments in smoking is, increase in oxidative stress in the exposed

urban and rural India. It contains thousands of chemical biological system [2]. Free radicals are capable of

constituents which lead to an increase in oxidative stress initiating/promoting oxidative damage and cell death [3-5].

resulting into cell death and inflammatory conditions.

Tobacco smoke (TS) contains an extremely high number of During tobacco smoking, the lung epithelial cells get

harmful products of various chemical nature, in both gas and exposed to the tobacco smoke at the first line and from

tar phases. Majorly, they are in the form of free radicals there the toxic material enters into the system [6].

(ROS & RNS) which range from 10 - 10**/puff [1]. One of Secondly, the immune cells present in the alveolar area

the causes for unwanted health effects due to tobacco (alveolar macrophages etc.) and in blood, also get
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exposure of these toxic substances due to high vascularity
of the lung tissue [7]. Normally, immune cells fight back
to cope up with the stress induced by the tobacco smoke
and in this process they may succeed or else may also add
up to the inflammatory phenomena, which ultimately can
lead to diseased conditions [8].

Any biological system exposed to this kind of stress tries
to neutralize the toxic effects through enzymatic and non-
enzymatic antioxidant defence mechanisms [9]. This
includes scavenger enzymes like Superoxide dismutase
(SOD), Catalase (CAT), Glutathione peroxidase (GPx)
and Glutathione reductase (GR); Vitamins like; C and E
and, non-protein thiols, etc [10].

To aid these internal antioxidant mechanisms, external
supplements can also be used to balance the oxidative
state of a system. Since ancient time, medicinal herbs are
being used to treat many diseases and disorders without
knowing their mechanism of action. Most of them have
various degree of antioxidant activity and might also have
specific targets, as well. One of such, widely used herbs
is, Adhatoda vasica. It has been used to treat various
respiratory and other inflammatory ailments [11]. Despite
of its tremendous use, this plant has not been explored
much to analyse its mechanism of action for such
treatments.

Few known active ingredients of Adhatoda vasica are
Vasicine, Vasicinone, 2'-Hydroxy-4-
Glucosyloxychalcone, Vasicol, Vasicinol and
Deoxyvasicinone etc [12]. Vasicine is one of the major
active constituent of this herb which has been reported to
be responsible for majority of its biological activities. It is
known to act as an antioxidant and anti-inflammatory
agent [13].

Present study is an attempt to investigate the toxic effect
of Indian tobacco rolls concentrate on human
macrophages (THP-1 cell line) and to analyze if, VVasicine
could prevent the tobacco smoke induced toxicity along
with its mechanism of action.

MATERIALS & METHODS

Chemicals and Reagents

Ethanol, glycerol, were brought from CDH Ltd., New
Delhi, India. Fetal bovine serum (FBS), RPMI-1640 and
trypsin-EDTA were acquired from Himedia, Bombay,
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India. 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), sodium nitroprusside, ethylene diamine tetra
acetic  Acid (EDTA), Triton-X 100, 12-O-
tetradecanoylphorbol-13-acetate (TPA), protease inhibitor
cocktail, 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), nitroblue tetrazolium
bromide (NBT), and pyrogallol were purchased from
Sigma-Aldrich, USA.

Cell culture
THP-1 cells (human monocytes cell line) were obtained
from National Centre for Cell Science (NCCS), Pune,
India and were cultured and maintained by standard
methods [14].

Preparation of Bidi Smoke Concentrate (BSC)

The tobacco rolls (bidi) were purchased from the local
market, and were used to prepare BSC by passing the
vapour phase of bidi smoke obtained from complete
combustion of three bidis, into 3 ml of incomplete
medium, in a compact set-up. The concentrate
(considered as 100% BSC) was made fresh for every set
of experiment [15].

Treatment of THP-1 cells with TPA

For initiating any experiment with THP-1 cells they were
differentiated to macrophage-like cells by incubating
them with TPA, before starting any assay. 3 x 10°
cells/well were seeded in 96-well plate and were
incubated for 24 h, (37°C, 5% CO,). After 24 h of
incubation, cells were induced with TPA (10ng/ml, 37°C,
5% CO,) for 24h.

MTT assay

MTT assay was performed to estimate cell viability after
each set of treatment. TPA induced cells (with/without
treatment of BSC/Vasicine) in each well, were incubated
with 10ul (5 mg/ml) MTT for 3 - 4 h in a CO, incubator.
100l of DMSO was then added to dissolve the formazan
formed and, the plate was incubated for another 10 min in
dark at room temperature. Finally, the treatment plate was
read in ELISA plate reader (bio red) using 570nm filter
[16].

Treatment with Bidi Smoke Concentrate (BSC)

In order to evaluate the toxicity caused by BSC, cells
after TPA induction were treated with BSC (0-5%) for 24
h and the cell viability was determined by MTT assay as
described before.
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Treatment with Vasicine

To determine safe dose range of Vasicine, cells (3 x
10°cells/well) were treated with Vasicine (0.25 - 6pg/ml)
for 3 h and cell viability was determined by MTT assay as
described before.

Pre-treatment with Vasicine and its effect on BSC-
induced toxicity

To determine the cyto-protective ability of Vasicine, cells
after TPA induction were pre-treated with 3pg/ml
Vasicine for 3 h (except control). This step was followed
by addition of 3% BSC to each well (except control) and
cells were further incubated for 24 h. Cell viability was
determined by MTT assay as described above.

Microscopic analysis

1 x 10* cells were seeded in a 6-well plate over a glass
cover slip and grown overnight in RPMI 1640 media
(with 10% FBS). After TPA induction, cells were treated
with BSC, Vasicine and Vasicine + BSC as, mentioned
above in MTT assay. After the treatment, the cells were
washed with PBS (pH 7.4, 20mM) and the cells on cover
slip were observed under inverted microscope (Olympus,
CH20i, USA) at 20X magnification [15].

Superoxide dismutase (SOD) activity assay

SOD activity assay was performed by Pyrogallol
autoxidation method with certain modifications [17]. In
this assay, cell lysate containing 50ug protein was added
to 0.2mM pyrogallol (dissolved in 50mM PBS, pH 6.5) to
initiate the reaction, and decrease in absorbance was
recorded at 420 nm. The percentage inhibition of
pyrogallol autoxidation was calculated by the following
formula:

% inhibition of pyrogallol autoxidation = [1-(AA/AA )]
x 100
where,

AA = Absorbance change due to pyrogallol autoxidation
in the sample reaction system

AAna = Absorbance change due
autoxidation in blank (without cell lysate)
One unit of SOD activity was defined as the amount of
enzyme required to inhibit pyrogallol autoxidation by
50% per min.

to pyrogallol

Measurement of NO production (Griess assay)
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The production of nitric oxide was estimated
spectrophotometrically as, nitrite concentration formed, in
cell-free culture supernatants, of different treated samples,
as per standard protocol [18].

Statistical test

Statistical analysis for various assays was performed
using the one way ANOVA test followed by Tukey test. P
< 0.01 was considered to be statistically significant as
shown in the figure legends.

RESULTS

Effect of Bidi Smoke Concentrate on the viability of
THP-1 cell Line

The cytotoxic effect of BSC in THP-1 cells was evaluated
through MTT assay and it was found that, BSC showed
dose dependent toxic effect at concentrations ranging
from 0.5 - 5% (Figure 1). It is clear from this figure that,
~50% reduction in cell viability was obtained with 3%
BSC treatment, as compared to control.
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Figure 1: Effect of various concentrations of Bidi Smoke
Concentrate (BSC) on cell viability of THP-1 cell line. The cell
viability decreases to ~50% at a concentration of 3% BSC. For

statistical evaluations, one-way ANOVA analysis followed by Tukey
test was used. * P < 0.01.
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Dose optimization for Vasicine

Before analyzing protective effects of Vasicine, the cells
were exposed to a range of concentrations of the Vasicine
(0.25 - 6pug/ml for 3 h), followed by MTT assay for dose
optimization. The results showed that, Vasicine is safe
within the concentration range of 1-3pg/ml for THP-1
cells (Figure 2), and has shown a slight increase in cell
viability (up to 104 + 2.9%) at a dose of 3pg/ml. This
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dose was chosen for further evaluation of protective
effect.
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Figure 2: Effect of different concentrations of Vasicine (0.25-6pug/ml
for 3 h) on cell viability of THP-1 cell line. Vasicine was found to be
safe from 1-3pg/ml. Cell viability was decreased once the Vasicine
concentration exceeded 3pg/ml. For statistical evaluations, one-way
ANOVA analysis followed by Tukey test was used. * P < 0.01.

Preventive Effect of Vasicine in BSC-Induced Toxicity
To evaluate the cyto-protective ability of Vasicine for
BSC caused toxicity, cells were pre-treated with Vasicine
(3ug/ml, 3 h) before exposing it to BSC. It was observed
that 3ug/ml Vasicine pre-treatment cells could retained
cell viability up to 11 + 0.03%, more than BSC (only)
treated cells. These results indicate that, pre-treatment
with 3pg/ml Vasicine is able to protect THP-1 cells
against BSC - induced toxicity (Figure 3) up to ~89%.
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Figure 3: Effect of different treatments (Vasicine for 3 h, BSC for 24
h, and their combinations) on cell viability in THP-1 cell line. Pre-
treatment of cells with 3ug/ml Vasicine could retain cell viability up
to 11 + 0.03%, more than BSC (only) treated cells. For statistical
evaluations, one-way ANOVA analysis followed by Tukey test was
used. * P <0.01.

Microscopic analysis

Microscopic analysis of cells treated with above sets
(BSC, Vasicine and Vasicine + BSC) treatments showed
that 3% BSC exposure (Figure 4C) caused a tremendous
decrease in cell density as compared to control (Figure
4A). Treatment of Vasicine alone did not shown any
significant effect on number or morphology (Figure 4B).
When cells were pre-treated with Vasicine before
exposing to 3% BSC, number of viable cells was more in
comparision to 3% BSC alone treated cells, (Figure 4D).

3% BSC+
3ug/ml Vasicine

3% BSC

Figure 4: Microscopic analysis of THP-1 cells (A) control (untreated cells) (B) treated with 3pg/ml Vasicine (C) 3% BSC treated and (D) 3% BSC
treated cells which were pre-treated with 3pg/ml Vasicine. Pre-treatment with Vasicine could retain more number of cells viable in comparison to

the BSC exposed cells.
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Measurement of NO level in THP-1 cell line

Effect of various treatments on NO level was studied and,
the results are shown in figure 5. It is clear from the figure
that 3% BSC has increased NO level (139%) in
macrophages compared to the control group. Vasicine
treatment alone has shown decrease in NO level (72%)
but, pre-treatment with Vasicine (followed by 3% BSC
exposure) could maintain NO level up to 88% of the
control.
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Figure 5: Effect of different treatments (Vasicine, BSC, and their
combinations) on NO level in THP-1 cell line. Pretreatment with
Vasicine (followed by BSC treatment) could maintain NO level up to
88% in comparison to control. For statistical evaluations, one-way
ANOVA analysis followed by Tukey test was used. * P < 0.01

Superoxide Dismutase (SOD) enzyme activity

Effects of various treatments on SOD enzyme activity
were studied and the results have shown that 3% BSC has
increased SOD activity to 163% (Figure 6) in
macrophages compared to the control group. Vasicine
treatment alone has also shown to increased SOD activity
(132%). Pre-treatment with Vasicine (followed by 3%
BSC exposure) seems to maintain SOD enzyme activity
near to control (108%).
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Figure 6: Effect of different treatments (Vasicine, BSC, and their
combinations) on SOD enzyme activity in THP-1 cell line.
Pretreatment with Vasicine (followed by BSC treatment) seems to
maintain SOD activity near to control. For statistical evaluations,
one-way ANOVA analysis followed by Tukey test was used. * P <
0.01.

DISCUSSION

Tobacco smoking has important relevance to the public
health as, it has been found to be associated to many fatal
diseases and disorders, including asthma, cardiac
problems and cancer etc. It has been suggested that,
tobacco smoke introduces and induces reactive oxygen
and reactive nitrogen species (ROS & RNS) production
in the exposed biological system, affecting its oxidant
state, which is responsible for altering the cell membrane
integrity through lipid peroxidation [19] along with
damaging various cellular proteins/fenzymes, genetic
material and other biological molecules. This affects the
functionality/viability of the cells exposed to tobacco
smoke [20]. As said above, ROS plays an important role
in bringing about extensive damage to the biomolecules
of the cells and tissues and, thereby lead to various
diseased conditions, especially degenerative and
inflammatory diseases due to extensive cell lysis [21].
These negative impacts are generally taken care of by the
system itself by increasing production/activity of
antioxidant enzymes and other molecules. These
processes can further be triggered or aided by providing
antioxidants from outside such as from the medicinal
plants.

Similar to any other tissue/biological system, tobacco
smoke has been reported to trigger oxidative stress and
innate immune response in the respiratory system also,
which  further induces inflammatory responses,
characterized by recruitment of neutrophils and
macrophages in animal models and human smokers [22-
24]. These macrophages play a crucial role in mediating
immune reactions against free radicals and bacterial, viral,
and fungal infections as well as, in the pathophysiology of
various other types of diseases like; chronic obstructive
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pulmonary disease (COPD) etc. [25, 26]. These events
further increase oxidative stress and if, it becomes
excessive, it can cause lung damage is a one of the major
causes of many lung diseases. Hence, in this study, we
analyzed the toxic effect of bidi smoke concentrate in
THP-1 macrophage cell line, representing situation of
alveolar macrophages in a smoker’s lung.

There are numeral reports stating the importance of
natural antioxidants isolated from different plant
materials that could confer protection to cells against the
detrimental effects of ROS [27-29]. Medicinal herbs
contain several phytochemical compounds that are
responsible for their antioxidant and other activities.
Phenolics, alkaloids and flavonoids are the major
constituents in most of the plants that are reported to
possess antioxidant and free radical scavenging activity
[30, 31]. These compounds are known for their hydrogen
or electron donating and metal ion chelating properties
and, these findings have established an inverse
relationship between the consumption of antioxidant rich
plants and the incidence of human diseases [32].

For the present study, we had chosen Vasicine, an
alkaloid and active compound of Adhatoda vasica, which
is a very well known herb being used to treat respiratory
diseases in Indian medicinal system. It is reported to be
effective in respiratory ailments and other complications
such as arthritis, diarrhoea & dysentery, etc [12] but to
the best of our knowledge, no work has been reported its
role in tobacco smoke induced respiratory disorders so,
the main objective of our study was to investigate if,
Vasicine can protect THP-1 cells against BSC-induced
oxidative stress and cytotoxicity. In this in vitro study,
safe dose range for Vasicine was optimized to be 1-
3ug/ml by MTT assay as, it had shown no cytotoxic
effect from on cells viability. While analyzing the toxic
effects of BSC, it was observed that, 3% BSC showed
almost 50% cell cytotoxicity on human macrophages on
exposing cells for 24 h. These results were comparable
with microscopic analysis.

Besides these, we also investigated if, Vasicine could
improve antioxidant support system of the cells. While
comparing the level of NO produced and SOD enzyme
activity under various treatment conditions, it was found
that 3% BSC could increase NO production and SOD
level (39% and 63%, respectively) more than control. It
can be suggested that in an attempt to overcome the toxic
effects of BSC, the cells enhanced their SOD
level/activity but, toxic NO production could not be
controlled on their own. Whereas, when cells were pre
treated with Vasicine it showed a decrease in NO level.
SOD enzyme activity was also found to be maintained
near to control by Vasicine pre treatment. It can be
suggested that Vasicine being an antioxidant might have
scavenged the ROS produced/present, by due to smoke
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exposure and increase in SOD activity must not be
required to fight back the already nullified toxic situation.
The other possibility could be the inherent increase in the
level/activity of other antioxidants by Vasicine inside
(less likely) the cells, and so increase in SOD activity was
not needed for this reason. On the other hand Vasicine
treatment could control NO production which a major
initiator for oxidative stress and inflammatory cascade,
and may avoid inflammatory conditions [33]. Further
experimental proofs are required to establish these
assumptions.

CONCLUSION

Present study suggests that bidi smoke concentrate can
cause a considerable enhancement in the production of
reactive oxygen species in human macrophage cell line
and bring about considerable cell death. It seems from this
study that cells try to combat the situation by increasing
SOD activity. Vasicine pre-treatment has shown
successful maintenance of the inherent antioxidant power
of the cells in combating the BSC-induced oxidative
stress as NO production was maintained by Vasicine,
which is a good sign and indicates its mechanism of
action by inhibiting NO mediated pathway. So, this study
indicates that Vasicine could balance the oxidative state
by controlling NO production inside the cells that can
help the cells to survive against the deleterious effects of
BSC induced oxidative stress.
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