PHCOG J

ORIGINAL ARTICLE

Assessment of Cytotoxicity of Smokeless Tobacco
(Shammah) In Hepg2 and WRL68 Cells Line
Siddig Ibrahim Abdelwahab*1, Syam Mohan2, Manal Moahmed Elhassan Taha2, Rashad
Bin Mohammed Alsanosy1 and Hamed Karimian3
Substance Abuse Research Centre, Jazan University, 11420, Jazan, Saudi Arabia
2
Medical Research Center, Jazan University, 11420, Jazan, Saudi Arabia
3
Department of Pharmacy, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia.
1

ABSTRACT
Shammah is a traditional form of chewing tobacco [Smokeless tobacco, (ST)] that is commonly used in the Middle
east specially Saudi Arabia (KSA), Yemen and Sudan. The cytotoxicity of Sudanese and Yemenis ST hexane and
methanol extracts was evaluated using MTT assay. Annexin-V assay has been used to detect the induction of
apoptosis. Luminescence based assay also been conducted to check the level of caspases enzyme. The involvement
of cell cycle check point arrest has been performed using flow cytometry analysis. The current study found that
ST has the capacity to induce cell toxicity in human liver cells. The inhibitory capacity of ST in HepG2 and WRL 68
has been found to be 151 ± 2.5 and 305 ± 11.5 µg/ml for 24 h. An early apoptosis induction in HepG2 cells was
observed by annexin V assay, which clearly exhibited significantly increased early and late apoptosis phases both
at 24 and 48 h. Both the caspases-8 and-9 level was found to be increased by the introduction of ST to HepG2
cells significantly (p<0.05). Moreover the ST extract was able to arrest the cell cycle check point at G2/M phase.
A significantly increasing pattern of hypodiploid phases of cells also been observed, which confirm the apoptosis
induction again. Collectively, results presented in this study demonstrated that the ST, which is used as a euphoritic
substance of abuse also, has significant level of toxicity in human cells. Moreover the mode of cell death was found
to be though programmed cell death which is closely associated with cell cycle arrest.
Key words: Hepatotoxicity, In vitro models, Saudi Arabia, Smokeless tobacco, Substance Absue Research Centre,
Shammah.

INTRODUCTION

Smokeless tobacco is an unburned tobacco products that
chewed in the oral cavity.1,2 The unwanted harmful effects
associated with the chewing of ST include cancerous
and leukoplakian lesions of the oral cavity, periodontal
disorders, and nicotine addiction. Immune-dysregulation of
immune cells and their components may play a significant
role in the progression of some unfavorable health effects
associated with ST use. Some evidences also suggesting
reproductive outcomes also exist in conjunction with ST
use. Cardiovascular endothelia and blood pressure may
also be impacted by ST use. Nitrosamines as tumorigenic
products were also detected in ST products within allowed
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levels of concentrations.3-8 These carcinogens have been
extracted and chemically identified from ST samples.
On the other hand, mutagenesis of ST have well been
established using in vivo and in vitro models,9,10 Cytotoxicity
of ST on oral cell lines was observed in vitro to include
inhibition of cellular proliferation, apoptotic cell death and
involvement of inflammation pathways.11
Aqueous extract of ST at a single dose was previously found
to cause oxidative stress in rat’s liver causing increased
levels of malondialdehyde. An earlier research showed
treatment of HOK-16B cells with ST extract caused cell
death. These findings provide an established scientific
explanation to the ulceration and inflammation observed
in people using ST at a new site within 2 days.12-17
Shammah is a traditional form of chewing tobacco
[Smokeless tobacco, (ST)] that is commonly used in
the Middle East specially Saudi Arabia (KSA), Yemen
Phcog J | Jul-Aug 2015 | Vol 7 | Issue 4

Siddig Ibrahim, et al.: Cytotoxicity of Smokeless Tobacco

Graphical Abstract

and Sudan. In Sudan, about 40% of males and 10% of
females use toombak (local name of ST).18,19 Today, the
trade of certain types of ST, such as moist snuff, is also
illegal in several countries, e.g., in Saudi Arabia, Japan,
Hong Kong, Singapore, Australia and New Zealand.20 The
There is various botanical taxonomy for tobacco plants.
Therefore, the toxicity of these tobacco species and their
health impacts may be reasonably different. To the best of
our knowledge no studies were conducted to explore the
hepatotoxicity of polar and non-polar extracts of ST using
well-established in vitro models of liver toxicity. Therefore,
the cytotoxicity of Sudanese and Yemenis ST hexane and
methanol extracts was evaluated using established in vitro
models of liver toxicity.

through filter paper Whatman® No. 41 and the residue
were exposed to methanol for the polar extracts. The
extraction procedure was same as done with hexane to
obtain non-polar extracts. The filtrate was evaporated to
dryness using (Buchi, R-210, Postfach, Switzerland) and
store in refrigerator (-20ºC) until used.
Determination of cytotoxicity

Samples from Sudan and Yemen were obtained from
exclusive shops in Khartoum (Sudan) and Jazan (Saudi
Arabia), respectively.

Both HepG2 and WRL cells lines were purchased from
ATCC, USA. Cells were plated and incubated until it
reaches attachment and confluency. The medium was
aspirated off and replaced with fresh medium (200 μl)
containing ST extract of different concentrations in 96-well
microplate except the last row which was left as a control.
The plates were incubated at 37°C, 5% CO2, for 24, 48 and
72 h. MTT containing medium was removed and replaced
with 200 μl DMSO per well. The plate was mixed until the
formazan crystals were dissolved and the plates were read
on microtiter plate reader at 570 nm. The IC50 is generated
from the dose-response curves for each cell lines. Three
replicates in 96-well plates were analyzed for each cell type,
concentration, and exposure period.

Extraction procedure

Cell cycle analysis by flow cytometry

Both Sudanese and Yemenis ST powder were added with
enough quantity of hexane and macerated for three days
with occasional shaking. The extracts were then filtered

The cell cycle phase arrest was studied using flow
cytometry. HepG2 cells were plated and treated with ST.
After 24 h, the cells were harvested in centrifugal tubes

MATERIAL AND METHODS

Smokeless Tobacco Samples
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and centrifuged at 3000 rpm for 5 min and fixed with
90% ethanol after washing with phosphate buffered saline
(PBS) and refrigerated at -30°C. On the following day, the
fixed cells were centrifuged at 3000 rpm for 5 min and
the system was resuspended with 1 ml PBS. This washing
process was repeated twice. One hundred microliter of 200
µg/ml DNAse free RNAseA enzyme was added to the
cells and incorporated at 37°C for 30 min. The cells then
were stained with 100 µl of 1mg/ml of propidium iodide
and left at room temperature for 10 min. The cells were
immediately analyzed using the FACS Canto II BectonDickinson Flowcytometryby analyzing at least 10,000 cells
per sample. The percentage of cells in G1, S and G2 phases
were analyzed by Mod Fit LT software (Verity Software
House, Topsham, ME).
Caspase-8 and 9 activity assay
Caspase-8 and -9 activities were measured using luminescencebased assay, Caspase-Glo™ 8 Assay, and Caspase-Glo™ 9
Assay (Promega, US). Cells were cultured in 96-well culture
plates in 50 μl of RPMI1640 supplemented with 10% Fetal
Bovine Serum (FBS) and incubated for 24 h. Cells were then
treated with different concentrations of ST extracts. At the
end of incubation, 100 μl of assay reagent was added to be
incubated for 1 h at room temperature. Luminescence was
measured using a microplate reader (Tecan Infinite M 200
PRO, Männedorf, Switzerland).

Kit (APO Alert Annexin V, Clon Tech, California, USA)
instructions. In short, cells were centrifuged at 200 x g for
10 min. Supernatant was removed and cells were rinsed
with 1 x binding buffer and re-suspended in 200 μl of
binding buffer from the kit. Cells were stained with 5
μl of Annexin V and 10 μl of propidium iodide (Sigma,
Saint Louis, Missouri, USA) and incubated in the dark
for 15 min at room temperature. Using a FACS Canto II
Becton-Dickinson flow cytometer, analysis was performed
with at least 10,000 cells/sample. The reaction volume was
brought to 500 μl for the flow cytometry analysis with the
aid of binding buffer available from the kit. Cells treated
with DMSO (0.1%, v/v) served as control.
RESULTS

Cytotoxicity on Liver Cells
The effect of ST samples on cell growth inhibition was
expressed as an IC50 value. Only hexane extract of Yemenis
sample showed toxicity on liver cells. Cellular proliferation
following 24 h of exposure to ST samples showed
considerable inhibition in ST-treated cells compared to nontreated cells (controls). The proliferation of ST-treated cells
decreased as the ST concentration with IC50of 151 ± 2.5 and
305 ± 11.5 µg/mL on HEPG2 and WRL-68, respectively
for the hexane extract of Yemen shamma (Figure 1).

Annexin V assay

Annexin V

Cells (1×105 cells/ml) were exposed to ST for 24, 48 and
72 h and an Annexin V assay was done according to BD
Pharmingen™ Annexin V-FITC Apoptosis Detection

To determine the occurrence of apoptosis, annexin-v assay
has been used. The HepG2 cells have been treated with the
IC50 concentration of ST for 24, 48 and 72 h. The results had

Figure 1: ST sample hexane extract was tested in HepG2 and WRL-68 cell lines. Cell viability was determined by MTT
assay. The test agent induced cell cytotoxicity in a time-dependent manner. These dose titration curves allowed the IC50
of the test agent towards different cell lines to be determined. The proliferation of ST-treated cells decreased as the ST
concentration with IC50 of 151 ± 2.5 and 305 ± 11.5 µg/mL on HEPG2 and WRL-68, respectively
244

Phcog J | Jul-Aug 2015 | Vol 7 | Issue 4

Siddig Ibrahim, et al.: Cytotoxicity of Smokeless Tobacco

Figure 2: Annexin-V-FITC staining HepG2 cells were treated IC50 concentration of ST for 24, 48 and 72 h. After staining
with FITC-conjugated Annexin V and PI, cells were analyzed by flow cytometry. Control cells received no drug treatments
(A). (B–D) The effects of 24, 48 and 72 hr exposure (respectively) of HepG2 cells. The results showed statistically
significant (p<0.05) (E)

Figure 3: The luminescence-based assay of caspase-8 and caspase-9 in HepG2 cells treated and untreated with ST hexane
extract at different time points. Cells were cultured in RPMI 1640 media maintained at 37°C and 5% CO2
‘*’ Indicates a significant difference from the control (p<0.05)

showed that the ST extract inhibited the proliferation of
HepG2 cells significantly compared to control. As shown
in (Figure 2), the apoptosis induction in the cells began
after being treated for 24 h. For the untreated control,
89% ± 4.5 cells were viable and only 3 ± 0.22% cells were
in the early apoptosis stage. But in 24 h the treated cells
early viable cells phase reduced significantly to 73± 5.6%
with a rise in early apoptosis cells to 10 ± 1.1% and 15
± 2.0% late apoptosis cells. Even though the apoptosis
phase was significant, there was no time depended increase
Phcog J | Jul-Aug 2015 | Vol 7 | Issue 4 

in the apoptosis cells at 48 and 72 h compared to 24 h
treatment. These results indicated that the ST allowed
the translocation of PS to occur and hence induced early
apoptotic induction in HepG2 cells.
Induction of caspases activation
Both the caspases under investigation were found to be
induced while the treatment, and were found to be timedependent. High levels of both caspase 8 and 9 were
245
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Figure 4: DNA analysis of ST hexane extract-treated HepG2 cells. Cells were exposed to IC50 concentrations at 24 h (B)
and 48 (C) and control (A) were tested for DNA content of Sub-G0/G1, G0/G1, S and G2/M phase. Induction of G2/M
arrest in the cell cycle progression of cells was observed (D).
‘*’ Indicates a significant difference (p< 0.05)

found at the highest time period of 48 h with a significance
difference from control (p<0.05). But the activation of
caspases was not significantly induced at early time periods.
These results confirmed the activation of caspases was
involved in the cell death induced by ST (Figure 3).
ST inhibits the HepG2 cell proliferation and arrest G2/M phase
cell cycle
To check the involvement of cell cycle progression/arrest
and apoptosis the cell cycle analysis has been performed.
The results from the current study established that ST
arrested the cell cycle at G2/M phase of the cell phase and
induced significant apoptosis (p<0.05). The results shown
in (Figure 4) indicated that the cell cycle arrest happened
in time dependently, with a rise in G2/M phase to 30 ±
4.61and 48 ± 2.9% for 24 and 48 h respectively. Moreover
the hypodiploid (sub G1/apoptosis), which is considered
as the apoptosis phase has also rose up to 42 ± 6.7%.
DISCUSSION

The main toxic effects observed with the substance of
abuse are carcinogenicity.21 It is difficult to predict the
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particular agent causing this effect due to the fact that many
a times their will be a mixture of substance, especially used
by traditional practice. Shammah is one of the unburned
tobacco products that chewed in the oral cavity. Even
though officially banned in Saudi Arabia, it is chewing
due to its psychoactive properties.22 It has been found that
chewing of Shammah has significant effect in mutagenicity
and carcinogenicity. Previous studies had showed that the
Shammah extract has the capacity to produce ROS in oral
keratinocyte cells, capacity to increases in fragmentation
of genomic DNA, and apoptotic mode of cell death.23 But
there is no report on the effect of Shammah in liver cells.
Apoptosis is considered a vital component of various
processes including normal cell turnover, proper
development and functioning of the immune system,
hormone-dependent atrophy, embryonic development
and chemical-induced cell death. 24,25 Inappropriate
apoptosis (either too little or too much) is a factor in many
human conditions including neurodegenerative diseases,
ischemic damage, autoimmune disorders and many types
of cancer. Positive functions of apoptotic genes have
been well established in a large number of biological
contexts, including their role in eliminating damaged and
Phcog J | Jul-Aug 2015 | Vol 7 | Issue 4
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potentially cancerous cells. Evidence has suggested that
proapoptotic proteins like caspases can induce proliferation
of neighboring surviving cells to replace dying cells. This
process is known as apoptosis-induced proliferation.26
Whether the STE administration has the same kind of effect
is unclear. In this study, the liver cells have been used to
check it ability to undergo apoptosis. Out of HEPG2 and
WRL-68 cells, HepG2 cells have been found to be more
susceptible to toxicity produced by STE. It shows that the
cytotoxicity produced by STE is cell specific and may be
followed by specific cell signaling.
The Annexin V assay was used in the research as an
initial attempt to investigate the probable mechanism
of cell death responsible for the cytotoxic effect of the
STE towards HepG2 cells. Phosphatidylserine (PS)
externalization during apoptosis, a universal phenomenon
during apoptosis is not limited in mammalian cells, but
also occurring in both insect and plant cells.27 Annexin V
was found to bind specifically to PS, located at the outer
membrane leaflet of cells in the presence of calcium. The
present study demonstrated that treatment with STE is able
to induce cell death via apoptosis. Even though the 24 h
results had showed a significant amount of PS exposure
there was no time dependent increase in the treatment.
This may be due to cytostatic effect produced by the cells
itself against the toxicity of STE.28
It is very apparent that cell cycle arrest happened
concurrently with cell cycle arrest29,30 In this study we have
used flow cytometric measurements to assess apoptotic
cell death using propidium iodide as the probe. At the
time of cellular death, nuclei of the cells are stained with
the fluorescent dye propidium iodide. The results clearly
show that STE can induce time-dependent cell cycle
arrest together with apoptosis in HepG2 cells. More over
the increased hypo diploid cells observed in the cell cycle
analysis further confirm the apoptosis induction.31
Caspases plays a vital role in initiating and executing
apoptosis process.32 Generally apoptosis happens though

both intrinsic and extrinsic pathways. Both pathways have
different caspases initiator. Caspase 8 and 9 plays the role of
initiation in intrinsic and extrinsic pathways respectively.33
At the downstream pathways Caspases are executioners
of apoptosis that can dismantle a cell within hours. Hence
the current study studied the role of caspases in STE in
HepG2 cells. Both the caspases were found to be activated
especially during the late time period of STE treatment.
In summary, we have established that the smokeless
tobacco has the capacity to induce apoptosis and cell cycle
arrest in the liver cells. The cell death was closely associated
with caspases activation and typical apoptosis form of
death. This suggests that Shammah has significant levels of
toxicity with definite cell death mechanism. It needs further
in-depth mechanism studies and animal based experiments.
CONCLUSION

In summary, we have established that the smokeless
tobacco has the capacity to induce apoptosis and cell cycle
arrest in the liver cells. The cell death was closely associated
with caspases activation and typical apoptosis form of
death. This suggests that Shammah has significant levels of
toxicity with definite cell death mechanism. It needs further
in-depth mechanism studies and animal based experiments.
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Highlights of Paper
•
•
•
•

Shammah is a traditional form of chewing tobacco.
Hexane extract of Shammah induced cell death and apoptosis in HepG2 cells.
The cell death happened together with Caspases induction and cell cycle arrest.
Cell cycle arrest has been happed at G2.M phase.
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