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ABSTRACT

Aims: The aim of this study was to determine the genotoxic effect in HepG2 cells of the four
arsenic compounds by measuring DNA damage, depletion of cellular glutathione (GSH) as a
measure of oxidative stress as well as antioxidant agent and apoptotic and necrotic events.

Study Design: Arsenic is an environmental chemical of toxicological concern today since it has
been shown to be a human genotoxin and carcinogen. This project investigated four forms of
inorganic arsenic: arsenate (As™®), sodium arsenite (As*?), arsenic trioxide (As,O3) and dimethyl
arsenic acid (DMA™); a major metabolite of arsenate.

Methodology: HepG2 cells (1.5x10°/ml) treated with the four arsenics (10 pM) for 24hr. Harvested
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although this was not statistically different.
Conclusions:

cells were analysed for GSH concentration by reverse phase HPLC with fluorescence detection.
Cells were investigated for DNA damage using the Comet assay. Cells were analysed by flow
cytometry to detect apoptosis and necrosis, all running in parallel.

Results: The DNA damage for cells dosed with DMA or As,O3zwas not significantly different from
control. However, significant DNA damage was seen for cells treated with arsenite and arsenate
(p<0.001, p<0.05 respectively). Reduced glutathione was increased by arsenic compounds
compared to control. However, this was only statistically significant for arsenite (p<0.001) and
arsenate (p<0.05). Whereas, results not indicated apoptosis and necrosis in viable adherent cells

All four arsenicals appeared to increase GSH content and DNA damage compared
to control especially both arsenite and arsenate significantly are different. Further experiments are
required to assess the mechanism(s) of genotoxicity of the arsenicals in GSH depletion.

Keywords: Arsenic compounds; HepG2 cells; reduced glutathione (GSH); DNA damage; comet

assay.

1. INTRODUCTION

Arsenic presents ubiquitously in the environment
and the accumulation of this element in ground
water and plants poses a health risk to both
humans and animals [1]. This metalloid exists in
different oxidative states, the most known
inorganic arsenic forms are arsenate and
arsenite. In addition, arsenate and arsenite are
present in water and seafood [2]. Exposure to
inorganic arsenic cause black-foot disease
(BFD), a unique peripheral vascular disease. The
disease frequently ends up with dry gangrene
and spontaneous amputation of affected
extremities, with an underlying pathological
change of severe systemic atherosclerosis

[3].

Metabolism of inorganic arsenic involves 2 steps
of chemical reactions: reduction and oxidative
methylation [4]. Arsenate is reduced to arsenite
before it can be further metabolized. Arsenite is

then oxidatively methylated to
monomethylarsonic acid (MMA) and
dimethylarsinic acid (DMA) by S-adenosyl

methionine [5].

There is uncertainty in the literature regarding the
mechanisms underlying the toxicity of arsenics,
they may include oxidative stress with depletion
of intracellular glutathione (GSH) and apoptotic
events. However, Reactive oxygen species
produced (ROS) particularly hydroxyl radicals,
play an important causal role in the genotoxicity
of arsenic compounds [6]. The oxidative damage
resulting from free radical attack on DNA has
been previously linked to mutagenesis,
carcinogenesis and aging. Mitochondrial DNA is
known to be particularly susceptible to oxidative
damage due to its close proximity to the reactive
oxygen species producing systems and lack of

protective histone proteins. Levels of oxidative
damage have been found to be three times
higher in mitochondrial DNA than in nuclear DNA

[71

Cells contain several antioxidant systems to limit
the damage caused by increased ROS, and GSH
is an antioxidant that protects cells from oxidative
stress-induced apoptosis. One mechanism of
arsenic toxicity appears to be a result of the
ability of arsenite to bind to protein thiols causing
the thiols to be unavailable for antioxidant
activity. As the protective effect of GSH is
consistent with the removal of free radicals
following exposure to oxidative damaging agents
such as arsenic compounds, it can be predicted
that at increasing arsenic concentrations
resulting in decreased GSH levels, the cells will
become prone to increasing DNA damage and
apoptosis [8]. Oxidative stress produced by toxic
compounds depletes cellular GSH, and when
GSH falls below 10% of the normal level, cellular
defence against oxidative stress producing
compounds is considerably impaired and cell
death can result [9].

Arsenic compounds inactivate numerous types of
enzymes, mostly involved in DNA replication,
repair and cellular energy pathways. These
enzymes have greater affinity to substituted
phosphate in high energy compounds as ATP
results in the production of useless energy [10-
12]. So, the genotoxicity of arsenic does not
communicate directly to DNA, however, indirectly
it affects DNA by production of reactive oxygen
species (ROS) or deregulation of DNA repair
enzymes [13,14].

Several studies have been carried out to
determine the genotoxic potential of arsenic
compounds [15]. In vitro and in vivo studies have



been shown that inorganic arsenic increases the
frequency of micronuclei, chromosome
aberrations and sister chromatid exchanges in
both animals and humans [16].

Comet assay has been considered a rapid,
simple and sensitive technique for measuring
DNA damage. Comet assay has been shown to
be a very sensitive method for detecting the
genetic damage induced by different genotoxic
agents [17].

Comet assay can be assessed genotoxicity of
various industrial chemicals, pharmaceuticals
and pollutants [18], as well as this assay can
detect DNA damage in different types of cells
such as eosinophils and ovarian cells [19-22]. It
has also been used to detect DNA damage in
blood of workers occupationally exposed to
inorganic arsenic [23].

Apoptosis is a normal physiological phenomenon
put forward by Kerr et al. [24]. It plays an
important role in embryonic development,
maintenance of tissue homeostasis and
pathology, and therefore has become a hotspot
of activity in biomedical fields. Flow cytometry is
a method for quantitating components or
structural features of cells primarily by optical
means. Although it makes measurements on one
cell at a time, it can process thousands of cells in
a few seconds. Since different cell types can be
distinguished by quantitating structural features,
flow cytometry can be used to count cells of
different types in a mixture.

Most of the previous studies on the genotoxicity
of arsenic compounds have been carried out with
sodium arsenite and with the two most frequent
methylated forms, monomethylarsonic acid
(MMA) and dimethylarsenic acid (DMA).

In our study we consider that the selected
compounds of inorganic arsenic forms to view
the in vitro DNA damage using comet assay and
depletion of cellular glutathione (GSH) as
removal of free radicals following exposure to
oxidative damaging agents using HPLC as well
as to investigate the effect of arsenic compounds
on apoptotic and necrotic events using flow
cytometry.

2. MATERIALS AND METHODS
2.1 Chemicals

Comet lysis buffer (2.5 M sodium chloride, 100
mM EDTA [pH 8.0], 1% sarkosyl, 10 mM Tris-
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HCI [pH 8.0], 10% DMSO, 10% Triton X-100).
Comet alkali solution (0.3 M sodium hydroxide, 1
mM EDTA). Comet neutralising buffer (0.5 M
Tris-HCI, pH 7.5). Cryopreservation medium
(50% foetal calf serum [FCS], 10% DMSO, 40%
Dulbecco’s Modified Eagle’s Medium [DMEM])).
Resuscitation medium (50% FCS, 10% dextrose,
40% DMEM). Culture medium for HepG2 cells
(DMEM, 10% FCS, 50 U/ml penicillin, 50 U/ml
streptomycin, 2 mM L-glutamine). Sodium
arsenite  solution 0.05M, sodium arsenate
298.0%, arsenic trioxide 99.995% trace metals
basis, and dimethylarsinic acid (DMA) =98.0%.
All chemicals were purchased from Sigma
Chemicals Co., Dorset, UK.

2.2 Cell Culture

HepG2 cells were obtained from the European
Cell Culture Collection (ECCC, UK). HepG2 cells
are human Caucasian hepatocyte carcinoma
cells taken from a primary hepatoblastoma (liver
biopsy) from an 11 year old male from Argentina
in 1979 [25,26]. The HepG2 cells were
maintained in suspension culture in Dulbecco’s
Modified Eagl's Medium (DMEM) supplemented
with 10% fetal bovine serum, 1 mM pyruvate, 2
mM L-glutamine, 50 U/ml penicillin, 50 pg/ml
streptomycin and 2.5 U/ml amphotericin B. The
cultures were incubated at 37C in a 5% CO»,
incubator at 95% humidity.

2.3 Arsenic Treatment

Multi-well plates were seeded with HepG2 cells
approximately (1.5x10°) in Dulbecco’s Modified
Eagle’s Medium with 10% fetal calf serum. The
cell monolayers were washed and then arsenate,
arsenite, arsenic trioxide and dimethylarsenic
acid (10 pM) were added in 1 ml Dulbecco’'s
Modified Eagle’s Medium for 24 hr.

2.4 Comet Assay

The size of DNA fragments and the
number of fragments are the main principles to
determine comet formation. The negatively
charged broken DNA molecule freely migrates in
an electric field towards the anode. Tice et al.
explained comet assay, for the measurement of
DNA damage in in vitro culture of human cells
[27].

Comet assay was carried out under alkaline
conditions, basically as described by Singh et al.
[28]. Partly frosted microscope slides were pre-



coated with a smear of 1% low melting-point
agarose (LMPA) and allowed to dry for 1 hr at
37C. The slides were then placed on a bed of
ice to pre-cool them before adding an agarose
sandwich. An aliquot of 170 ul of 1% LMPA was
placed onto the slide and immediately covered
with a coverslip. Whilst this was setting, 170 pl
of the suspended lymphocytes were mixed 1:1
with 2% LMPA. The coverslip was then removed
from the initial agarose layer. An aliquot of 170 pl
of the agarose/lymphocyte mix was placed on
top of the first layer and again covered
immediately with a coverslip. Once set, the
coverslip was removed and a final layer of 170 pl
1% LMPA was applied to the existing gels to
form an agarose sandwich, with the cells in the
middle layer. The final coverslip was removed
once the gel had set. For each lymphocyte
sample, two slides were prepared. At this point
the lights were switched off and the remainder of
the assay was performed using indirect light. A
pyrex tray containing 500 ml of ice-cold lysis
buffer was placed onto a bed of ice and the
slides were gently lowered into it. After one hr the
slides were removed and washed by placing
them in 500 ml ice-cold PBS (again in a pyrex
tray on a bed of ice) and allowing them to sit for
15 min. This removed the salt from the lysis
buffer and prepared the slides for the next step.
A horizontal electrophoresis tank  was
surrounded by ice and filled with 2 L of ice-cold
lysis buffer. Then the slides were gently lowered
into a horizontal electrophoresis tank filled with 2
L of cold lysis buffer and surrounded by ice. The
slides were sat for 30 min to allow the DNA to
unwind in the alkali buffer. Electrophoresis was
then performed at 22 V (500 mA) for 30 min.
Next, the slides were removed and rinsed by
sitting them in 500 ml of ice-cold neutralising
buffer for 10 min and then in 500 ml of ice-cold
PBS for 15 min. SYBR Gold dye was added to
each slide to stain the DNA. The slide was
visualised using either a BioRad MRC 600
confocal microscope or a Leica TCS SP2 UV
confocal microscope Twenty-five images per
slide were captured. Images were analysed
using the kinetic Komet version 5.5 software.

2.5 Cell Viability

To determine cell viability, 100 upl of cell
suspension was mixed 1:1 with trypan blue stain
(0.4% wl/v, Biowhittaker) and pipetted into a
Neubauer haemocytometer (VWR Scientifics,
West Chester, PA). For the experiments cell
viability was 85-90%.
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2.6 Detection and Measurement of
Reduced Glutathione Using HPLC
with Fluorescence Detector

The cells were seeded and grown to 80%
confluence. Medium was removed and cells
were treated with the 10 uM arsenate, arsenite,
arsenic trioxide and dimethylarsenic acid in 1 ml
medium. After the incubation, this solution was
removed, 100 pL of 3 mM monobromobimane in
(50 mM N-ethylmorpholine) and then 10 pL
100% trichloroacetic acid (TCA) was added to
stop the reaction. Glutathione standards were
prepared fresh on the day. A mobile phase of
10% Acetonitrite and 0.25% Acetic acid was
prepared and the HPLC was set up and allowed
to equilibrate for 30 minutes. Before running
samples, a standard curve was run to determine
sensitivity and specificity of the machine.
Standards used were in the range of GSH
expected in the samples. Concentrations used
were: 0, 5, 10, 15, 20, 40 nmol/ml on the column.
Once this curve had been established samples
could be prepared and injected onto the column,
ready for analysis. The run time was 25 minutes
and the GSH peak eluted at approximately 15
minutes. Peaks were analysed by integrating the
peak area. A Kontron system with a 420 pump,
425 gradient former, 360 auto sampler and
SFM25 fluorescence detector was used [29]. The
system was controlled by a Kontron Data System
450, software version 3.30 and the column used
was a 150 mm x 4.6 mm Hypersil 30DS with a
waters C18 guard column and a flow rate of 1.3
ml/min. Glutathione levels were expressed per
nmol/mg protein.

2.7 Detection and Measurement of
Apoptosis and Necrosis Using Flow
Cytometry

Flow cytometry (BD LSR Il) is a technology that
allows a single cell to be measured for a variety
of characteristics, determined by looking at how
they flow in liquid [30]. The cells were seeded to
and grow to confluence of (1X10° cells per well).
Medium was removed and cells were dosed with
the treated material in 1 ml medium. After the
incubation time, this solution was removed, and
contents of each well placed in a separate
culture tubes. Cells were washed twice with cold
phosphate buffer solution (PBS) and then
approximately (1X 10°%) concentration of cells/ml
immersed in  binding buffer (0.1 mM
Hepes/NaOH, pH 7.4, 1.4 mMNaCL, 25 mM
CacCl,). Then100 pl of the diluted cell suspension



(1 X 10° cells) was transferred to a culture tube
that contained 5 pl 7-ADD (7-amino-actinomycin
D) of 200 pg/ml and 5 pl of 100 pg/mi
Phycoerythrin (PE) both DNA staining. Cells
were fully vortexed and incubated for 15 min in
the dark at room temperature. 400 pl of binding
buffer was added and analysed by flow
cytometry (FACS) within 1hr. At least 10,000
event per sample were collected. Staining with
PE is typically used in conjunction with 7-Amino-
Actinomycin (7-AAD) to identify early apoptotic
cells (7-AAD -ve, PE -ve), whereas cells that are
considered viable (undamaged) are (7-AAD -ve,
PE -ve); cells that are in early apoptosis are (7-
AAD -ve, PE -ve); and cells that are in late
apoptosis or already dead (necrotic) are, (7-AAD
+ve, PE +ve).

2.8 Statistical Evaluation

Data are expressed as Mean values + Standard
error of means (meantSEM). One-way ANOVA
was performed when more than two groups were
compared with a single control. Differences
between individual groups were assessed by a
Dunnett post hoc test, using Prism software
(Version 6).

3. RESULTS AND DISCUSSION

Comparison of
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the DNA damage in control
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Fig. 1. DNA damage in HepG2 cells treated

arsenite

Benhusein et al.; BJPR, 13(5): 1-10, 2016; Article no.BJPR.28796

arsenite, arsenic tiroxide and DMA showed 85%
cell viability, a significantly higher damage for
arsenite (1.7+0.2, p<0.05), and (1.5+0.2, p<0.01)
arsenate but not arsenic trioxide (1.0£0.1) and
DMA (1.240.2), Fig. 1. Cells viability was 86%.

The viability of cells was 87%. As shown in Fig. 2
there was an increase in the reduced GSH level
in arsenic trioxide (22.0+1.0 nmolGSH/mg
protein), DMA (19.4+0.8 nmolGSH/mg protein)
and significantly difference with arsenite and
arsenate  (40.4+4.3 nmolGSH/mg  protein
p<0.001 and 23.4+4.3 nmolGSH/mg protein
p<0.05) respectively compared to the control
(15.4+3.0 nmolGSH/mg protein).

The percentage of cell viability was 90% and for
apoptotic cells (7-AAD+ve, PE-ve) was similar in
control HepG2s and cells treated with arsenate,
arsenite, arsenic trioxide or DMA at
concentrations of 10 uM for 24 hr. Similarly, the
percentage of necrotic (7-AAD+ve, PE+ve) cells
was similar in control HepG2s and cells treated
with arsenate, arsenite, arsenic trioxide or DMA
at concentrations of 10 uM for 24 hr (Fig. 3).

In our study, arsenic induced genotoxocity was
measured by comet assay in cell line (HepG2
cells). The mechanisms of arsenic
carcinogenicity and other chronic effects in
humans are not completely understood. The
major modes of action of arsenic that have been

As203 DMA

in vitro by arsenate, arsenite, arsenic trioxide and

DMA (10 pM) for 24 hr
Olive tail moment (OTM) were recorded for 50 cells per each arsenic compound.
* P < 0.05; ** P< 0.001 compared to control.
Mean + S.E.M = Mean values * Standard error of means of six experiments
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reported are DNA damage, oxidative stress, proliferation [31]. Generation of reactive oxygen
chromosome aberrations, apoptosis, DNA species is one of the major pathways for arsenic
methylation, signal transduction and cell mediated genotoxicity [32].



Our results obtained the DNA damage of
arsenics using the Comet assay indicates that,
both arsenate and arsenite, but not DMA or
arsenic trioxide induced DNA damage in HepG2
cells. However, mean comet tail-length induced
by arsenate was less than arsenite.

One mechanism of arsenic toxicity appears to be
a result of the ability of arsenite to bind to protein
thiols causing the thiols to be unavailable for
antioxidant activity. As the protective effect of
GSH is consistent with the removal of free
radicals following exposure to oxidative
damaging agents such as arsenic compounds, at
increasing arsenic concentrations resulting in
decreased GSH levels, the cells will become
prone to increasing DNA damage and apoptosis
[33]. It was predicted that in our studies arsenic
compounds in low concentrations at 10 pM
would increase GSH levels. In fact, the profile of
cellular GSH depletion was complex with toxic
and subtoxic doses of arsenic compounds which
is tending to decreas GSH level while 10 uM
concentration of arsenics for 24 hr increased
GSH levels. Arsenite was significantly increased
GSH level therefore; arsenite appeared to have
the greatest effect on GSH levels, consistent with
its potential for greater toxicity [34].

Our findings agree with these of Takafumi, [35]
who found that arsenite, DMA and other arsenic
compounds produced an increase in GSH levels
following exposure to 5 pM  subtoxic
concentrations in Chinese hamster V79 cells.
The mechanism was likely to be an early
reduction in glutathione levels resulting in an
increase in glutathione synthesis, as well as
Schuliga et al. [36], reported that inorganic
arsenic induced reactive oxygen species (ROS)
in mammalian cells which lead to significant
upregulation in the level of cellular glutathione.
Both human AGOG6 keratinocytes cells and W1-
38 fibroblast cells were treated with 0.1-10 puM
arsenite for 24 hr. The baseline levels of GSH in
both W1-38 fibroblasts and AGO6 keratinocytes
was significant increased by  sublethal
concentrations of arsenic compound. These
results are in agreement with our data and
indicate the cytotoxic action of arsenite at
concentrations of 10 uM and above. Arsenite and
As,0O; disrupted the balance of GSH
homeostasis, and NaAsO,- and As,Os-induced
oxidative damage was closely associated with
the imbalance in GSH synthesis, recycling and
utilization [37].

There is conflict in literatures regarding the
relative toxicity of arsenicals. Moore et al. [38]
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reported that the organic arsenicals are thus
much less potent as mutagenic agents than the
inorganic arsenicals, also arsenic compounds
appear to act by mechanisms that cause
chromosomal mutations. Vahter et al. [39]
investigated that inorganic arsenic is methylated
to methylarsonic acid (MMA) and dimethylarsinic
acid (DMA), which are less toxic and more
readily excreted in urine than the inorganic
arsenic, these findings are in agreement with our
results. But Hughes, [40] showing the higher
acute toxicity of monomethylarsonous acid
(MMA”') than arsenite in vitro and in vivo, the
carcinogenic.

Both arsenite and As,O; caused oxidative stress,
genotoxicity, cytotoxicity, cell cycle arrest as well
as apoptosis, while As,O3 induced higher
production of reactive oxygen species (ROS)
with a more remarkable decrease in superoxide

dismutase (SOD) activities and intracellular
levels of glutathione (GSH) than arsenite.
Moreover, the degree of DNA damage,

chromosomal breakage, cell cycle arrest and
apoptosis in As,Os-treated cells were more
severe than those in arsenite treated cells which
is not in agreement with our results [41].

The high release of reactive oxygen species
leads to decrease of glutathione level, collapse of
mitochondrial membrane potential, release of
cytochrome c¢, activation of Caspase-3 and
apoptosis, whereas all of the phenomena can be
eliminated by the addition of antioxidants.
Therefore, arsenicals compounds can induce the
oxidative stress-mediated intrinsic apoptosis in
HL-60 cells [42].

Previous research demonstrated that arsenic
trioxide induces mitochondrial pathway of
apoptosis in HL-60 cells. This apoptotic signaling
is modulated via oxidative stress, DNA damage,
and change in mitochondrial membrane
potential, translocation and upregulation of
apoptotic proteins leading to apoptosis [43].
There was a significant increase in the rate of
apoptosis at 80 and 160 pM arsenite
concentrations in polymorphonuclear leukocytes
[44]. This study demonstrates that arsenite not
induce statistically different apoptosis through
low asenite concentration.

4, CONCLUSION
Our current work concluded that both arsenate

and arsenite but not arsenic trioxide induced
higher DNA damage in HepG2 cells. However,



DMA arsenate metabolite is less toxic than its
parent compound arsenate. Arsenate and
arsenite are known to produce oxidative stress
involving ROS formation by increase secretion of
glutathione for cells protection.
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