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Abstract

Although arsenite is toxic it is currently recommended for the treatment of ma-
lignancies. In this study the effects of sub-micromolar concentrations of sodium arsenite 
on the viability, morphology and mechanism of cell death of rat bone marrow mesenchy-
mal stem cells (BMCs) over 21 days was investigated.

In this experimental study, BMCs were extracted in Dulbecco’s 
-

panded till the 3rd passage. The cells were treated with 1, 10, 25, 50, 75 and 100 nM of so-
dium arsenite for 21 days and the viability of the cells estimated using 3-(4, 5-dimethylthia-
zol-2-yl)-2, 5 diphenyl tetrazolium (MTT) and trypan blue staining. Cells were then treated 
with the selected dose (25 nM) of sodium arsenite to determine their colony forming ability 
(CFA) and population doubling number (PDN). Morphology of the cells was studied using 

agarose gel electrophoresis. The terminal deoxynucleotidyl transferase dUTP nick end la-
beling (TUNEL) and the caspase 3 assay were then applied to understand the mechanism 
of cell death. Data was analyzed using one way ANOVA, Tukey test.

A significant reduction of viability, PDN and CFA was found following treat-
ment of BMCs with 25 nM sodium arsenite (p<0.05). Cytoplasm shrinkage and a 
significant decrease in the diameter of the nuclei were also seen. Comet assay and 
agarose gel electrophoresis revealed DNA breakage, while positive TUNEL and acti-
vated caspase 3 confirmed the apoptosis. 

A low concentration of sodium arsenite (25 nM) caused reduction of viability 
due to induction of apoptosis. Therefore, long term exposure to low dose of this chemical 
may have unwanted effects on BMCs.
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Introduction

associated adverse health effects are found in many 
developing areas around the world, including Chi-

as trivalent (AS ) and pentavalent salt (AS ), is 
released into the environment via agricultural, in-
dustrial and medical applications (2). The trivalent 
salt of arsenic (arsenite) is considered more toxic 

causes genetic and epigenetic changes in mouse 
testicular leydig cells (1). Sodium arsenite in mi-
cromolar concentrations also induces apoptosis in 
different types of cells such as rat midbrain neu-

-

human bone marrow mesenchymal stem cells 
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which may inhibit important biochemical events 
that could alter cellular redox status and eventually 
lead to cytotoxicity. Some other mechanisms in-

methylation, oxidative stress, co-carcinogenesis, 
and tumor promotion (1, 2, 11) have also been re-
ported in relation to arsenite toxicity. 

Arsenic has been used in medicine for over 2000 
years, and is still applied in diverse treatments 
(12). It has been suggested that interactions of ar-
senic with cellular proteins at submicromolar con-
centrations are protective, while those at higher 
concentrations are toxic and potentially pro-car-

of sodium arsenite in the treatment of malignan-

of sodium arsenite in the serum of these patients 

-
tion of nonhematopoietic stem cells represent-

-
tiate into osteoblasts, chondrocytes and adipo-
cytes, therefore they are considered as cellular 

during homeostasis and repair (19). Yadav  et 
al. in their report showed that a high concentra-

-

and apoptosis of human bone marrow mesen-
-

-
um arsenite also caused morphological changes 
and a significant reduction in viability (20). 

-

-
rent use of sodium arsenite and its effectiveness 

-

regarding the effects of post-therapy levels of 
 Therefore, in the present 

study we investigate the effect of a submicro-
molar concentration of sodium arsenite over a 
period of 21 days on the viability, morphology 

and

Materials and Methods

Marrow cell culture

This experimental study was approved by the 

of light, temperature and food in the animal house 

-

-
-

washed off with )
 and Ca  chloride) and adhering 

renewal of culture medium every three days. Cells 

Germany)

rd passage.

Exposure to sodium arsenite

The cells were plated in appropriate culture dishes 
-

ence of a control group the cells were exposed to 

plated cells and time of exposure was calculated ac-
cording to the nature of the test and dimensions of 
the culture dish. These details are provided wher-
ever necessary in descriptions of the assays below.

Cell viability assays

Trypan blue exclusion assay

media containing different concentrations of so-
dium arsenite were added to the respective wells. 
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-
-

pellet was re-suspended in 1ml of fresh culture 

-
pany, Germany) and incubated for 2 minutes at 

. The total number of viable cells was estie-
mated using a hemocytometer chamber.

3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl tetra-

zolium (MTT) assay

-

well and sodium arsenite treatment was carried 
out as in the previous test. After the treatment 

-

an ELISA reader (SCO diagnostic, Germany). 
After plotting the standard graph, using the lin-

2

numbers of viable cells were calculated, where Y 

viable cells (20).

Selection of LD50 and further investigation

concentration of sodium arsenite was selected as the 

of the cells died during the 21 days of treatment. 
Therefore further all investigations were carried out 

Colony forming assay 

To determine the colony forming ability of the 
2

of the cells to the dishes was ensured, the medium 
was removed and exchanged for culture medium 

stained with crystal violet (Sigma Company, Ger-

diameter of the colonies were estimated under an 
inverted microscope.

Population doubling number (PDN)

 cells were plated 
2

removed and exchanged for culture medium con-

-

0

cells at the end of the culture period and the N
0
 is 

the number of the cells plated.

Morphology

-
-

ter the treatment period the cells were washed with 

morphology of the cell nuclei was investigated, 
and the diameters of the nuclei of the control and 

Company version 1.2). Further to study the mor-
phology of the cell cytoplasm, attached cells were 

-
-

served under inverted fluorescence microscopy 

Comet assay

using single-cell gel electrophoresis (comet as-

melt agarose (Fermentas Company, Iran) gel at a 
 cells/ml, and spread on a micro-

scopic slide previously coated with normal melt-
ing agarose. The slides were immersed in ice-cold 
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2

room temperature and electrophoresis was carried 

slides were washed in distilled water and renatured 

was carried out under indirect light and the slides 

Agarose gel electrophoresis of DNA

-

presence of ethidium bromide at a constant voltage 

captured using an IS-1000 gel documentation sys-
tem (Syngene Company, England).

Terminal deoxy nucleotidyl transferase-mediated 

dUTP nick-end labeling (TUNEL) assay 

Apoptotic cells in treated and control samples 
were end-labeled in situ -

-

-

2
O

2

-

and sodium citrate in water, freshly prepared) at 

freshly prepared) was added to the samples then 

absence of light. A negative control was prepared 

antibody conjugated with horseradish peroxidase 

2
O

2

-

Immunochemical staining of activated caspase 3

-
er of apoptosis, was performed using a SignalStain 

staining was carried out according to the manu-
-
-

incubated with a pre-diluted primary antibody at 

The cells were incubated with biotinylated second-

cells were then stained and counterstained accord-

hematoxylin respectively. The cells were observed 

the brown cytoplasmic stain were considered posi-

Statistical analysis

Statistical evaluation of the data was performed 
using one-way analysis of variance (ANOVA), 

Results

Cell viability

Treatment of the cells with sodium arsenite for 
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con-

the mesenchymal stem cells to die after 21 days. As 

-

carry out all further investigation.

Colony forming assay

-

-
ber and diameter of the colonies at day 21 compared 
to the control group of cells.

Table 1: Viability of the mesenchymal stem cells after 21 days of treatment with 0, 1, 10, 25, 50, 
75 and 100 nM of sodium arsenite based on Trypan blue staining  and MTT assay

MTT assay
(Number of viable cells)

Trypan blue
(Percentage of viable cells)

 Doses (nM) 
of sodium arsenite

aa ± 1.10

a ± 1901.7a1

bb10

cc ± 2.725

d21.2d ± 2.950

de ± 0.775

d11.2e ± 0.1100

Values are means ± SD. 

(ANOVA, Tukey test, p>0.05).

Table 2: Mean number of colonies after 7, 14 and 21 days of treatment with 
25 nM of sodium arsenite in comparison with the control

21147 Days

Dose(nM)

aa122.2a0

b ±2.771.0bb25

Values are means ± SD.

each other (ANOVA, Tukey test, p<0.05).

Table 3: Mean diameter (mm) of the colonies after 7, 14 and 21 days of treatment with 25 
nM of sodium arsenite in comparison with the control

21147 Days

Dose(nM)

a  ± 0.1a ± 0.10.29a ± 0.10

0.29b ± 0.10.21b ± 0.10.17b  ± 0.125

Values are means ± SD.

other (ANOVA, Tukey test, p<0.05).
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Fig 1: A. Photograph of the culture plates showing the 
visual difference between the numbers of colonies in con-
trol and treated wells. B. Microscopic picture showing the 
visual differences between the colony size in control and 
treated wells.

Population doubling number

A

B

-
-

Morphology

-

arsenite after 21 days showed chromatin con-

changes in the morphology of the cytoplasm 

-
ance of the cytoplasm content compared with the 
control group of cells.

Table 4: Mean population doubling number of MSCs after 5, 10, 15 and 21 days of treatment with 
25 nM of sodium arsenite in comparison with the control 

2115105 Days

Dose (nM)

aaa ± 0.02a0

bb ± 0.07b ± 0.07b25 nM

-
cantly from each other (ANOVA, Tukey test, p<0.05).

Fig 2: Fluorescent staining, A. cells stained with Hoechst. Sodium arsenite treatment 
caused nuclear size reduction and chromatin breakage compared with the control. B. cells 
stained with acridine orange. Control cells showed the typical morphology of mesenchymal 
stem cell while sodium arsenite caused roundness of the cells and cytoplasm shrinkage (×40 
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Comet assay

gel electrophoresis" or "Comet assay" was adopted to 

-

into large pieces in which a tail is formed behind the 

Fig 3: The single cell gel electrophoresis (comet assay) of 
the control and treated cells (25 nm) after 21 days. No DNA 
break was observed in control (cont), The DNA is fragment-
ed and a tail can be observed due to DNA breakage in the 
treated cells (25 nM), (×20). 

Agarose gel electrophoresis of DNA

-

of a ladder. The ladder starts from the smallest 

to the largest, which may be considered as a single 

Fig 4: DNA gel electrophoresis of the control and treated cells 
after 21 days. M. marker, B. control cells, which the total DNA is 
intact and 25. cells treated with 25nM of sodium arsenite show-
ing nucleosome breakage and ladder formation (arrows).

TUNEL assay 

In accordance with the results of the chroma-
-

phoresis, which showed chromatin condensa-

also showed a clear increase in the number of 
-
-

age appears in the chromatin, nucleotidyl trans-

-

and a brown colored deposition was observed 
in the sodium arsenite treated cells compared to 

Fig 5: TUNEL assay of the control and treated cells after 
21 days. No DNA breakage can be seen in the control 
cells (Cont). In the treated cells the DNA is broken, thus 
the nuclei of the cells appear brown (25 nM), (×20 mag-

Immunochemical staining of activated caspase 3

Immunocytochemistry of caspases showed that 
-

cells compared to control cells. According to 
the manufacturer, horseradish peroxidase con-
jugated to secondary antibody attaches to acti-

2
O

2
. Caspase 

pathways respectively, thus brings about the 
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Fig 6: immunochemical staining of caspase 3. No acti-
vated caspase 3 in the control group of cells was observed 
(Cont), activated caspase 3 is seen in the cells treated with 
25 nM of sodium arsenite, thus the cytoplasm of the cells 
appear brown due to color of oxide DAB (25 nM), (×20 

Discussion

tudies have shown that micromolar 

-
-

toxicity study carried out by Sidhu and et al on em-
bryonic primary rat midbrain neuroepithelial cells 

present study showed that even sub micromolar 
concentrations of sodium arsenite over a longer 
period of time can cause a dose dependent reduc-
tion of viability. Sodium arsenite in micromolar 
concentrations has been reported to be effective in 

the use of this chemical in malignancy therapy 
-

senite treatment the remaining low concentration 
of this chemical in the blood and other tissues over 
a longer course of time can affect the wellbeing 

the effectiveness of sodium arsenite as a thera-

should be considered as such given that it can put 

study revealed that even nanomolar concentrations 
of sodium arsenite over a long time can cause a 

-

chymal stem cell viability, based on Trypan blue 

time is a very important factor to be considered in 
the cytotoxicity effect of sodium arsenite. 

-

-

to cause changes in morphology and cell growth 

sodium arsenite induced morphological apopto-

Although the exact mechanism of sodium arsen-
-

cal changes observed in the cells may be due to 

and induction of apoptosis as well as cell cycle 

dose of sodium arsenite can induce morphologi-
cal changes in the nuclei and cytoplasm of the 

factor which affects bone health in industrial or 
other contaminated areas.

sly it was reported that a high concen-

-
ter 21 days caused caspase dependent apoptosis 
based on observations of the nuclear morphol-
ogy and biochemical character of the cells, such 

-
toplasm.  Apoptosis, or programmed cell death, 
is a distinct mechanism where the cell undergoes 

of nucleosomal fragments due to chromatin 

show sodium arsenite is able to induce apoptosis 
at high concentrations, the results of this study 
reveal that even a low dose of this chemical over 
the course of time is able to induce apoptosis in 
rat mesenchymal stem cells.
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Conclusion

The results of this study showed that even a low 

death is caspase dependent apoptosis. Therefore 
even if sodium arsenite has been recommended for 
therapy, we feel that more research needs to be to 
be carried out to understand the extent of the mo-

over a longer period of time at doses lower than 
those used in therapy.
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