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INTRODUCTION

E

nvironmental pollution and pollutant-mediated
diseases have been a major problem in developing
countries. Rapid industrial growth without proper
implementation of environmental regulations is making this
situation worse. People working in industries dealing with heavy
metals and even people living near the industrial areas have been
identified with different skin disorders and cancers[13]. Arsenic,
chromium, mercury and lead are the prime heavy metals
responsible for different skin diseases in developing countries.
Bangladesh is one of the most affected countries in the world with
significantly high number of arsenic poisoned (arsenicosis)
patients[47]. As arsenic is not frequently found in consumable
water in developed countries, arsenicosis and relevant issues have
not gained as much attention as other diseases had received.
Arsenic has been classified as a class-I human carcinogen by the

ABSTRACT
Heavy metals, responsible for a wide range of diseases starting
from asthma to cancers, are often found in surface water because
of uncontrolled release of wastewater and sometimes in
groundwater as well. Number of studies suggest the possible
relationship between the increased heavy metal concentration in
industrial proximity and the increased cases of melanoma and
carcinoma patients. Unfortunately, it is not clear yet how cells
respond to these exposure and what kind of changes cells go
through before initiation of cancer. This study aims to evaluate
cytotoxicity and morphological changes of mammalian cells in
presence of arsenic (III) solution of different concentrations.
HeLa as cancer cell and Vero as non-cancer cell were analyzed to
evaluate different cellular growth and migration parameters. 65
µM and 8 µM As(III) concentrations were found as LC50 for
cancer and non-cancer cells, respectively. It was found that,
severity of cytotoxicity was acute for the doses of As(III) higher
than 1 µM and the effect was negligible below 0.25 µM for
regular mammalian cells. Cancer cells, being robust and tolerant,
showed noticeable effect only beyond 1 µM and the effect was
severe above 2 µM. In addition, wound healing behavior was
affected significantly by the As(III) dosage. Quantitative
assessment of the altered mammalian cell behaviour in different
As(III)concentrations divulge the changes during arsenicosis at
cellular level, which paves a momentous pathway for future
battle against arsenic-mediated diseases.
International Agency of Research on Cancer (IARC), meaning
that there is sufficient evidence of carcinogenicity to humans[8,
9]. Different clinical, epidemiological and laboratory based
studies proved that arsenicosis is associated with cancers in skin,
liver, stomach, lungs, hematological cells and urinary bladder
[10, 14]. Unfortunately, it is not clear yet how cells respond to
these heavy metal exposure and what kind of changes cells go
through before initiation of cancer[8].
Though the exact mechanism of the action of arsenic on living
organisms is not known yet, several hypotheses have been
proposed so far[15, 16]. The metabolism of arsenic has an
important role in its toxicity which involves reduction to arsenic
(III) and oxidative methylation to arsenic (V). Arsenic (III) has
more potent toxic properties than the arsenic (V)[17]. Most of the
mammalian species methylate inorganic arsenic and such type of
metabolism plays a vital role in the toxicity of arsenic[18].
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Metabolism of inorganic arsenic follows a sequential process
involving a two-electron reduction of arsenic (V) to arsenic (III).
Then oxidative methylation converts it to organic arsenic (V)
[19]. This two-electron reduction of arsenic (V) to arsenic (III)
process can occur in the presence of a thiol such as glutathione
(GSH) without the help of any enzyme[20, 21]. For many years, it
has been proposed that, in metabolism process of arsenic
monomethylarsonous acid and dimethylarsinous acid are
produced as intermediates [22]. Recently, several researchers
have found monomethylarsonous acid and dimethylarsinous acid
in the urine of people who are chronically exposed to inorganic
arsenic in their drinking water [22, 23]. Another research on rats
strengthens the idea of formation of such type of intermediates. In
case of rats, monomethylarsonous acid and dimethylarsinous acid
were found in the bile of rats[24]. In case of pentavalent arsenic
toxicity mechanism, arsenic (V) can replace phosphate in many
biochemical reactions due to the similarities of their structure and
properties [25]. An in vitro experiment showed that, arsenic (V)
reacts with glucose and gluconate to form glucose-6-arsenate and
6-arsenogluconate, respectively [26, 27]. Moreover, arsenic (V)
can also replace phosphate in the sodium pump and the anion
exchange transport system of the human RBC (Red Blood Cell)
causing different complications [28].
In case of trivalent arsenic toxicity mechanism, some specific
functional groups within enzymes, receptors or coenzymes, such
as thiols have a major role in the activity of these molecules.
Arsenic (III) readily reacts in vitro with cysteine. It hampers
Glutathione (GSH) protein production as GSH is made of
cysteine, glycine and glutamic acid. As an important antioxidant,
GSH is capable of preventing Reactive Oxidative Stress (ROS)
[20, 21]. Arsenic (III) binding at closely spaced and accessible
thiol groups (R-SH) may inhibit important biochemical events
[29], which could lead to toxicity unless arsenic (III) binds
nonessential sites in proteins [30]. Again, Pyruvate
dehydrogenase (PDH), a multi sub-unit complex is disturbed by
arsenic (III). To perform enzymatic activity, PDH requires the
cofactor lipoic acid, a dithiol [31,33]. It is assumed that, arsenic
(III) inhibits lipoic acid molecule and thus leads to hamper PDH
[17]. PDH oxidizes pyruvate to acetyl Coenzyme A, which is a
precursor to intermediates of the Krebs cycle. By hampering
Krebs cycle, arsenic (III) may ultimately lead to decrease in
production of ATP which is an energy molecule. Besides, some
other studies showed that, depletion of carbohydrates was very
common in arsenic dosed rats with the inhibition of PDH [33, 34].
Again, arsenic is not only a toxic substance, it is an established
carcinogen [8]. Arsenic may act as a carcinogen by inducing
oxygen stress, oxidative damage on DNA, inhibiting several
DNA repair mechanisms, influencing signal transduction and
changing gene expression[35, 36]. Animal trials showed that
ingestion of dimethylarsinic acid can cause urinary bladder
cancer in rats but not in hamsters and monomethylarsinic acid had
no carcinogenic effects on rats. In human beings inorganic arsenic
in drinking water can induce cancer of the urinary bladder, skin,
lung, kidney, liver and prostate[10, 14].
In addition to industrial wastewater, arsenic in groundwater
has been the prime cause of several skin disorders for years and
that is suspected to be responsible for more severe diseases in the
long run [4, 37, 40]. Arsenic enters into the human body through
ingestion, inhalation, or skin absorption and gets distributed in a
large number of organs including the lungs, liver, kidney and skin.
Then Lung, kidney, pharynx, bone, large intestine, and rectum of
a person may be inflicted with cancer due to the long-term
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frequent exposure in arsenic[41, 42]. Acute arsenic toxicity in
humans involves from discomfort in gastrointestinal tract to
death. It also creates vomiting, diarrhea, bloody urine, anuria,
coma, shock and so on [17]. For an adult person, the lethal dose of
inorganic arsenic is estimated of 13 mg arsenic/kg mass of that
person [24]. Even trace arsenic exposure appears to have led to
dramatic increases in cancers ranging from skin to liver to lung
[43], in cardiovascular disease, and in developmental and
cognitive problems for children. The bulletin of the World Health
Organization (WHO) estimates that the invisible taint of arsenic
in the well water could now be responsible for as many as 43,000
deaths per year in Bangladesh [43]. Chronic exposure to
inorganic arsenic is also dangerous like acute exposure. Toxic
effect of chronic exposure to arsenic could lead to diseases like
skin lesions, blackfoot disease, peripheral neuropathy,
encephalopathy, hepatomegaly, liver cirrhosis, altered heme
metabolism, bone marrow depression and diabetes [44, 45].
Despite high occurrence and massive impact of arsenic
toxicity in developing countries, it often failed to get enough
attention like other heavy metals. Moreover, detailed cellular
cytotoxicity and morphological studies need to be performed to
understand the mechanism of cellular changes and dose responses
in exposure of the arsenic. Unfortunately, countries with lesser
healthcare innovation are primarily affected by arsenicosis, and
therefore, any insight on how arsenic initiates cellular alteration
should be very important for development of drugs and treatment
for the affected countries. Although the generalized cytotoxic
effects of different heavy metals have been reported earlier, this
study solely focuses on the parametric differences between the
cellular responses of two different cell lines in presence of
varying dosage of Arsenic (III).
MATERIALS AND METHODS
Cell culture and other reagents.
Vero cell line and HeLa, a human cervical carcinoma cell line
were cultured in DMEM containing 1% penicillin and
streptomycin (1:1), 0.2% gentamycin and 10% FBS at 37°C, 5%
CO2 in a culture flask inside an incubator (Nuaire, USA). Cell
culture media and other reagents were obtained from Invitrogen,
USA. Cell lines used during this study were within the passage
number 40. As2O3 (MERCK, Germany) solution in deionized
water was used as the source of As3+. The sample was sterilized
using an autoclave (Labtech, UK). Serial dilution method was
adopted to prepare solution of different concentrations. All cell
culture solutions were prepared under a Biological Safety Cabinet
(Model: NU-400E, Nuaire, USA).
Cell seeding and growth measurement
Cell passaging was done using the standard protocol including
PBS rinsing. Cells were counted using hemocytometer. For, Vero
cells, 15 × 104 cells per ml were seeded into 96-well plate and
incubated at 37°C, 5% CO2 inside an incubator. After 24 hours,
media was removed and 80 µl fresh media with 20 µL of As3+
sample were added into each well. Cytotoxicity was examined
after 48 hours using a colorimetric assay based on (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, or MTT
(Cell Titerassay, Promega, USA). For HeLa cell, similar
procedure was followed with 25 × 104 cells per ml media. For
inhibition experiments, 100 µl of cell solution and 25 µl of arsenic
sample (for control, 25 µl of sterilized water) were mixed in each
wellbefore incubation. Dead cells were removed after incubation
of specific duration and washing was done with PBS. Cells were
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trypsinized and counted with hemocytometer under a Trinocular
Microscope with camera (Olympus, Japan).
Cell migration assay
Cell migration studies were performed according to the
method discussed elsewhere [46]. Specific number of cells were
seeded in 3 ml culture dishes and incubated for 24 hours to reach
around 70% confluency. Old media was aspirated and replaced by
fresh media with the dosing of different concentrations of arsenic
(III) sample. After 6 hours, 300 µm (case I) and 1000 µm (case II)
scars were created on the cell monolayer. Images were taken after
every 24 hours for 7 to 8 days. Cell monolayer migration rates
were calculated quantitatively by measuring the movement of the
cell monolayer boundary and wound healing rate were evaluated
qualitatively by observing the cell confluency as well as the
reduction of the scar area.
Determination of cell growth parameters
To determine LC50, absorbance data of each well at 570 nm
wavelength were taken with a spectrophotometer (Biotek, USA).
Based on the viable cells in control dish, percentages of viable
cells were calculated for other wells that were treated with
different As3+ concentrations. Peak cell concentrations were the
concentrations of viable cells determined from apexes of growth
curves and specific growth rate constants (µ) were calculated by
fitting the growth curves exponentially using the following
formula.

Where, xo is the initial cell concentration and x is the cell
concentration at time t. Cell doubling time was calculated with the
help of following relationship,

Where, td is the cell doubling time.
All of these growth parameters were averaged from at least

three sets of distinct experiments and standard deviation is
indicated with error bars.
RESULTS AND DISCUSSION
50% lethal concentration (LC50)
MTT based colorimetric cell proliferation assay was used to
determine LC50 of As3+ sample for both the Vero cells and HeLa
cells. Cell growth was assessed in terms of light absorbance at 570
nm wave length. Absorbance values for Vero cells and HeLa cells
incubated with different concentrations of As3+ solutions are
shown here in Table S1 and Table S2, respectively. As expected,
with the increase in As3+ concentrations, viable cell concentration
decreased. As the higher absorbance value infers the higher
number of viable cells, considering the 100% viable cells for the
absorbance of well that was kept in control (no arsenic),
percentages of viable cells were calculated for other wells that
were affected with different As3+ concentrations. From the viable
cells count, 8 µM and 65 µM As3+ concentrations were found as
LC50 for Vero cells and HeLa cells, respectively. Smaller value of
LC50 for non-cancer cell compared to that of cancer cell indicates
the domination and robust survival of cancer cell over non-cancer
cells. This is one of characteristics of cancer cells causing severe
metastasis. The results comply with the previous observations
that healthy cells are more vulnerable to the adverse environment
than the cancer affected cells [47].
Effects of arsenic on different cell growth parameters
So, effects of arsenic exposure were studied at cellular level to
assess different cell growth characteristics. Once LC50 was
determined, different growth parameters such as peak cell
concentration, time to reach peak concentration, specific growth
rate constant and cell doubling time were evaluated for Vero, as
regular cells and HeLa, as cancer cells in presence of different
As3+ concentrations below LC50.
Initially, 6 × 104 cells/ml cells were seeded in 96-well plate for
both type of cell lines with five different concentrations of arsenic
(III) solution and fresh media was replenished when needed

Table 1 : Observation of wound healing assays qualitatively of Vero cells incubated with different
As3+ solution of concentrations below LC50.
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Table 2 : Observation of wound healing assays qualitatively of HeLa cells incubated with
different As3+ solution of concentrations below LC50.

Fig. 1 : Viable cells incubated with different concentrations of As3+ solution below
LC50 (a) Vero Cells; (b) HeLa cells.
during the experiment to make up for the evaporation loss as the
experimental time was longer; 9 and 8 days for Vero cells and
HeLa cells, respectively. Fig.1a shows the average cell counting
of Vero cells in different wells with 4 µM, 2 µM, 1µM, 0.5 µM
and 0.25 µM As3+ solution and Fig.1b shows that for HeLa cells
with 16 µM, 8 µM, 4 µM, 2 µM and 1 µM As3+ solution. Highest
growth of cells was observed for control (no arsenic) whereas
growth behaviour was gradually started to be negatively affected
with the increased arsenic concentration for both types of cells.
Similar behaviour was reported before for other heavy metals
such as copper, lead, zinc, and cadmium[48].
As seen in Fig.2, the highest peak cell concentration was
found for the control and that was 92 × 104 cells/ml, and the peak
cell concentrations were not significantly affected up to 1 µM
arsenic (III) dosage (Fig.2a). From statistical analysis, p values
were calculated as 0.84, 0.22, 0.13 for 0.25 µM, 0.5 µM As3 and 1
µM As3+, respectively, when compared with control. p values
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greater than 0.05 confirms the insignificant impact for lower
concentrations. Arsenic (III) dosing above 1 µM caused the rapid
drop in viable cells (p<0.05). In Vero cells, specific growth rate
constant gradually decreased with the increase of arsenic (III)
dosage (Fig.2c).For this growth parameter insignificant impact
was observed for 0.25 µM As3+ (p>0.05), and the adverse
cytotoxic effect was found for the remaining concentrations (p
values < 0.05). Cell doubling time was calculated and found the
lowest for the cells that were kept as control (Fig.2e). Minimal
effect was observed at 0.25 µM concentrations (p> 0.05). Cell
doubling time was found to increase for higher arsenic (III)
concentrations, and for 4 µM it was almost twice compared to the
control (p values <0.05). This was because of arsenic poisoning
caused by higher dosage of arsenic (III) and cells took longer time
to proliferate compared to regular healthy cells.
For HeLa cells, similar gradual changing phenomena of peak
cell concentrationwas observed (Fig. 2b). Decrease in peak cell

Asian J. Pharm. Hea. Sci. | Apr - Jun 2020 | Vol-10 | Issue-2

Fig. 2 : Bar chart showing peak cell numbers under different As3+ concentrations in case of (a) Vero cells (p- values were 0.84, 0.22, 0.13,
0.0024, and 0.00013, respectively when compared to control); and (b) HeLa cells (p- values were 0.033, 0.013, 0.00021, 0.00006, and
0.00004, respectively when compared to control). Specific growth rate constant of (c) Vero cells (p- values were 0.72, 0.03, 0.01, 0.006,
and 0.007, respectively when compared to control); and (d) HeLa cells (p- values were 0.034, 0.0028, 0.0024, 0.00085, and 0.000002,
respectively when compared to control). Cell doubling time of (e) Vero cells (p- values were 0.74, 0.031, 0.009, 0.003, and 0.0099,
respectively when compared to control); and (f) HeLa cells, (p- values were calculated as 0.031, 0.0019, 0.0023, 0.00073, and
0.000003, respectively when compared to control).

Fig. 3 : Cell monolayer migration rate of (a) Vero cells and (b) HeLa cells incubated with different As3+ concentrations below LC50; (top)
short distance and (bottom) long distance movement of cells. When compared to control, Vero cell p- values were 0.055, 0.00022, and
0.00004, respectively for longer distance and 0.28, 0.00025, and 0.000009, respectively for shorter distance. When compared to the
control, Hela cell p- values were 0.0089, 0.00026, and 0.0035, respectively for longer distance; and for 0.028, 0.012, and 0.0014,
respectively for shorter distance.
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concentrations were statistically significant compared to the
control (p<0.05). Specific growth rate indicated similar trend. For
16 µM arsenic (III) concentration specific growth rate constant
was negative indicating significant poisoning from the very first
day causing cell death (Fig.2d). For all three parameters (peak cell
concentration, specific growth rate constant, and cell doubling
time), effect of arsenic was evident beyond 1 µM(p << 0.05). For
both types of cells, the peak cell concentrations were reached in 7
to 8 days. Tables S3 and S4 show peak concentration, time to

reach to peak concentration, specific growth rate constant and cell
doubling time of Vero cells and Hela cells respectively, incubated
with different As3+ solution of concentrations below LC50.
Cell growth was negatively affected by the As3+ dosage when
compared with control. Minimum cytotoxic effect was found at
0.25 µM and 1 µM arsenic (III) concentrations for Vero and HeLa
cell lines, respectively. In addition, beyond 1 µM and 2 µM
arsenic (III) dosage, level of cytotoxicity appeared to be
significant for Vero and HeLa cell lines, respectively(p << 0.05).

Fig. 4 : Observation of wound healing of Vero cells incubated with (a) control, (b) 1 µM
and (c) 4 µM Arsenic (III) sample (Case I).
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Cell migration rate and wound healing characteristics
Migration rate
Cell monolayer migration rates of Vero cells and HeLa cells
were evaluated for each type of cells at two different conditions.
This was performed to assess whether there were any differences
in the migration behaviour for longer and relatively shorter
distance scenario. Figure 3 shows the average cell monolayer
migration rates, for relatively longer distance (1000 µm) and
shorter distance (300 µm). As expected, cell monolayer migration
rates were the highest for the control cells and the rate decreased
with the increase in As3+ concentration. The migration rate
dropped rapidly with the increment of arsenic (III) dosage for both
cases for both cell lines. When compared with the control, the rate
of migration for Vero cells dropped significantly for 2 and 4 µM
As3+ concentration (p<0.05). p values greater than 0.05 for 1 µM
As3+ indicates the insignificant impact on the migration rate when
treated with 1 µM As3+. In case of HeLa cells, the migration rate
dropped significantly for all three concentrations during both long
and short distance migration (p<0.05).
Again, it was found that cell migration rate was higher for
HeLa cells than that of Vero cells. Comparison was evaluated

statistically for 4 µM As3+ dose for both the Vero and HeLa cell
line. Here,p values for Vero cells vs. HeLa cells were found as
0.00005 and 0.00025 for longer initial distance and shorter initial
distance, respectively. This is most likely because of the fact that
HeLa cells, being typical cancer cell line was robust and moved
faster than the normal cell line despite arsenic poisoning[49]. In
addition, Vero cells tend to die out quickly compared to HeLa
cells at the same arsenic concentrations (observable from LC50
data), which ultimately lead to poorer healing procedure for Vero
cells. Interestingly, Vero cell line migration behavior was found
not to be affected by the travel distance (Fig.3a and 3c), whereas,
slight difference was observed for HeLa cells. The latter
observation could be because of inherently different migration
rates of HeLa cells due to lesser impact of contact inhibition,
which was more discernible at longer time.
Wound healing assay
Vero cell
Wound healing assays were performed to observe the healing
process (function of both growth and migration) of mammalian
cells with different As3+ dosages below LC50. Though there are
other factors involved in physiological wound healing, wound

Fig. 5 : Observation of wound healing of HeLa cells incubated with (a) control, (b) 4 µM
and (c) 16 µM arsenic (III) sample. (Case I)
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healing assays typically provides a combined behavior governed
by cell growth and cell migration rates. Qualitative results of
wound healing assays of Vero cells are summarized in Table
1.Wound healing assays were done with Vero cell line in two

conditions. Curing was observed from a 300 µm wide scar
initially. Same qualitative results were found for control and 1 µM
As3+ concentration. With the increment of arsenic dosing, wound
healing behavior were started to be affected severely (Fig.4 and
Fig.S1)

Fig. 6 : Vero cells incubated with different (control, 1, 2, 4 and 8 µM) As3+ solution of
concentrations below LC50 (a-e) 20X magnification and (f-j) 40X magnification.
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In another condition, healing was observed from a 1000 µm
wide scar initially. Here, similar outcomes were observed with a
slight variation from earlier observations (Fig. S2 and S3).
Although, for case I, it was found that, wound healing was not
disturbed at 1 µM As3+, the effect of arsenic dosage on wound
healing was noticeable at the lowest arsenic (III) dosing as well
(i.e., at 1 µM concentration of As3+) for the latter condition. This
can be because of the fact that cell growth can be hampered at very
low initial confluency as caused by the larger wound.
HeLa cell
Wound healing assays were also performed for HeLa cell line
with arsenic (III) concentrations of 16 µM, 8 µM, 4 µM and
control for two similar wound conditions. For the first case, the

scar width was 400 µm approximately and observations were
made for 7 days. It took only two days for the wound to be healed
completely for the control, however, for the arsenic (III)
concentrations of 16 µM, no healing was done actually up to 6
days. Around 40% area was healed for the arsenic (III)
concentrations of 8 µM and approximately 90% area was healed
for the arsenic (III) concentrations of 4 µM. These observations
are summarized in Table 2 and snapshots are shown in Fig.5 and
Fig.S4. Although, the observations for 8 and 16 µM dosage were
made for longer time, there was no positive change after day 2.
Cells started to die afterwards and therefore, images up to the
highest level of wound healing (day 2) have been shown.In case
II, observations were made for 8 days. Here, a relatively bigger
scar was made by 1 ml pipette tip that was around 1000 µm. For

Fig. 7 : HeLa cells incubated with different (control, 2, 4, 8, 16 and 32 µM) As3+ solution
of concentrations below LC50 (a-f) 20X magnification and (g-l) 40X magnification.
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control, healing was finished within three days. Wound healing
behavior was found to be slightly different for the different wound
sizes as observed in case of Vero cells earlier (Fig.S5 and S6). Like
case I, cells started to die afterwards and therefore, images up to
the highest level of wound healing (day 3) have been shown. From
Table 2, it can be inferred that the wound healing behavior was
affected heavily with the exposure of arsenic (III).
Observation of cell damage in presence of arsenic (III)
To observe the morphological changes of mammalian cells in
exposure to arsenic (III), cell images were taken after 24 hours of
incubation with different As3+ concentrations below LC50 using a
phase contrast microscope. The photos were taken at four
different magnifications. Fig.6 shows the morphological changes
of the Vero cells incubated with different As3+ concentrations at
20X and 40X magnifications.
Similarly, Fig.7 shows the images of HeLa cells incubated
with different As3+ concentrations at 20X and 40X magnification.
In the figures, cells encircled by red line are the affected cells
exposed to arsenic (III). Here, all affected cells were not encircled
in the photos. For all the cases, it was noticed that, the higher the
arsenic (III) concentrations, the more the dead and affected
cells.In exposure to arsenic (III), cells started to be affected most
likely because the inhibition of the lipoic acid molecule, leading
to hindrance in Pyruvate dehydrogenase activity [17]. Cell
morphology typically starts to change and elongated morphology
with distinct cell membrane outlines turns into circular
morphology. Elongated cells are the indication of healthy active
cells and their protrusions during movement causes non circular
morphology. Affected cells are often identified from damaged
nucleus without distinct nuclear boundary. Eventually, the dead
cells become round and detach from the surface, float on the
liquid medium.
CONCLUSION
This study establishes the altered cell growth phenomena due
to low arsenic poisoning and divulges the morphological changes
at cellular level initiated by this slow poison. This would be
helpful to unmask the actual biological mechanisms account for
arsenic-induced toxicity and chronic effects on ‘lungs, liver,
skin’. Arsenic exposure was found to have very significant impact
on the cytotoxic behaviour of both regular (Vero) and cancer
(HeLa) cell lines. 8 µM and 65 µM As3+ concentrations were found
as LC50 for Vero cells and HeLa cells, respectively. This indicates
that, healthy cells are more vulnerable to the adverse environment
than the cancer affected cells, which worsens the situation of
cancer-patients dramatically. Growth of mammalian cells was
negatively affected by the As3+ dosage when compared with
control, both during short term and long-term observations.
Minimum cytotoxic effect was found at 0.25 µM and 1 µM
arsenic (III) concentrations for Vero and HeLa cell lines,
respectively in terms of Peak cell concentration, specific growth
rate constant, and cell doubling time. In addition, beyond 1 µM
and 2 µM arsenic (III) dosage, severity of cytotoxicity was
noticed for Vero and HeLa cell lines, respectively. The migration
rate drops drastically with the increment of arsenic (III) dosage for
both short distance and long distance travelling of both types of
cell lines. Time required to heal an artificial wound was found to
be longer for higher arsenic dosage. These behaviors are
indicative of cellular responses during wound healing, and
therefore, suggest that wound healing process could be affected
heavily with the exposure of arsenic (III). Cell morphology
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typically starts to change and elongated morphology with distinct
cell membrane outlines turns into circular morphology due to
arsenic (III) dosing. Affected cells are often identified from
damaged nucleus without distinct nuclear boundary. This study
establishes the distinct thresholds of cytotoxicity and dosedependent responses for cancer and non-cancer cells exposed to
Arsenic (III), which enriches the perceptions and understandings
of arsenicosis in terms of cellular level damage and
morphological deformation.
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