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ABSTRACT: In this study, we examined the toxic effects of arsenic in vivo taking mice as a model animal. Swiss

albino mice with similar weights were divided into two groups. The mice belonging to the first group were used as
the control, while the other group was exposed to sodium arsenite (SA) through drinking water. Compared to control,
the level of hemoglobin in SA-exposed mice was decreased while the number of neutrophils and monocytes were
increased. In addition, SA also induced increase in liver and spleen weight within 8 weeks of exposure. In contrast,
the weight of the kidney was found to decrease. These findings in mice model might be useful for better

understanding of the toxic effects of arsenic in order to develop effective remediation process against arsenic-

mediated effects on human health.
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INTRODUCTION

Arsenic is known to most people for its long
history of being a deadly poison. This poison created
a major health concern affecting millions of people
around the world, including Bangladesh. People in
Bangladesh are mainly exposed to arsenic through

drinking water."”

Ingested inorganic arsenic is
readily absorbed through the gastrointestinal tract and
distributed in through blood

circulation.* This arsenic eventually causes growth

various  tissues
retardation, blood cells distortion and elevation of
various serum enzymes like lactate dehydrogenase
(LDH), alkaline phosphatase (ALP), serum glutamic
pyruvic transaminase (SGPT) etc. in human and
rodents.>® Chronic arsenic exposure is accompanied
by its accumulation in liver, kidney, heart, lung,
gastrointestinal tract and spleen."” Hepatic damage
has been reported as the most common complication
of chronic arsenic exposures.*'*'" Although the toxic
effects of arsenic are known for long time, the
mechanism of its toxicity is still poorly understood.
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One of the known functions of arsenic is its high
reactivity to sulfhydryl groups of proteins/enzymes.
Binding of arsenic to proteins or cross-linking of
proteins involving sulthydryl group may activate
potential intracellular signaling pathways that ulti-
mately lead to arsenic-mediated adverse effects.'*"*
To understand the arsenic-mediated health hazards in
human, experiments with human subjects is almost
impossible for various legal reasons. Suitable animal
model experiments, however, can help in this regard.
Thus in our study, we selected Swiss albino mice as a
model organism for exposing arsenic for 8 weeks to
find out the in vivo effects of arsenic. By comparison
with control, the visible and clinical manifestations at
tissue/organ or blood levels would help us to
understand the effects of arsenic poisoning.

MATERIALS AND METHODS

Animal maintenance. Swiss albino male mice
(6 weeks of age) of average body weight (30.12+0.58
g) were purchased from the Animal Resource
Division of International Center for Diarrhoeal
Disease and Research, Bangladesh (ICDDR, B). The
mice were kept in plastic cages with wood-cobe
week of

bedding (5 mice/cage). After one
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acclimation, they were divided into two groups,
control, and experimental mice. Control mice were
maintained with available supply of distilled water
and normal mice feed. The mice of experimental
group (SA) were given normal feed and sodium
arsenite (NaAsO,) containing water (0.2 g/l). These
two groups of mice were maintained for 8 weeks. All
experiments using mice were undertaken following
the standard laboratory handling procedures and
ethical issues.

Blood collection, differential counting of white
blood cells (WBC) and estimation of hemoglobin
(Hb) level. Surgical blade (size 11) was pinched
sharply between ear and eye of mice. Blood came out
as drops were collected in EDTA coated plastic tubes
to prevent coagulation. Differential counting of WBC
such as lymphocytes, eosinophils, neutrophils and
monocytes were conducted by using a Cell Counter
1210 (an automatic blood cell counter). Screen
Master 3000 Evolution (a semi-automatic laboratory
analyzer) was used to measure the
hemoglobin (Hb) in blood.

Collection of organs for analysis. After 8
weeks of SA poisoning, the mice were sacrificed by

level of

cervical dislocation and the ventral side was opened
surgically. Kidney, liver and spleen were collected
using scissors and forceps. Each organ was weighed
using digital balance (Precisa BJ610C) and data was
recorded.

Statistical analysis. Data were statistically
analyzed using Student’s t-test with Graph Pad
Prism 5.

RESULTS

Effect on hemoglobin level and
neutrophils/monocytes count in mice exposed to
arsenic. As an association between arsenic exposure
and anemia in human has been reported earlier,"'*"°
we examined whether the normal quantity of
hemoglobin in the blood of SA-exposed mice is
affected or not. Compared to control, the mean
concentration of hemoglobin was reduced in SA-
exposed mice (Figure 1). When differential count of

WBC was performed, the number of lymphocytes
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and eosinophils were found to be unchanged between
control and SA-exposed mice (data not shown).
However, the neutrophil and monocyte counts were
elevated and the elevation of monocytes was
relatively higher (Figure 2).

Hb concentration (gm/dl)

Control SA

Figure 1. Reduction of hemoglobin (Hb) level in SA-exposed
mice. After collecting blood form control and SA-exposed
mice for 8 weeks, Hb level was measured. Data shown as
mean+SD (n=5 per group). ***p<0.05 control vs . As.
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Figure 2. SA-induced elevated count of (A) neutrophils and (B)
monocytes. After collecting blood form control and SA-
exposed mice for 8 weeks, neutrophils and monocytes count
was done. Data shown as meantSD (n=5 per group).
***p<0.05 control vs. As.
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SA induced liver and spleen enlargement.
Arsenic is known to induce various diseases through
affecting different internal organs. So we scarified
the SA-exposed mice to see the physical change in
the internal organs such as liver, spleen and kidney, if
any. Interestingly, hepatomegaly and splenomegaly
were evident in SA-exposed mice. The weight of
liver and spleen of SA-exposed mice were found
about 1.4 and 2.7 fold higher than that of control. On
the other hand, average weight of kidney was
decreased (1.14 fold) when compared to control
(Table 1).

Tablel. Effects of arsenic on the average weight of liver, spleen
and kidney in mice (n=5).

Average weight of organ (g)

Organ Control mice ~ SA exposed mice Fold
Liver 1.39 1.96 1.47
Spleen 0.099 0.27 2.7
Kidney 0.32 0.28 1.14]

1 Increased, |Decreased.

DISCUSISON

Chronic arsenic exposure can lead to a range of
adverse health hazards in human."'"" Therefore,
experiments in animal model have created immense
importance to find out the mechanisms of arsenic
toxicity leading to development of effective
remediation process. In the present study, decrease in
hemoglobin level was observed in SA-exposed mice.
Inorganic arsenic is reported to bind to the a-chain of
hemoglobin and thereby accumulates in the RBCs.”
Recently, we have also observed changes in RBC
morphology in SA-exposed mice’ that might cause
destruction of RBC leading to development of
anemia.”’ All these findings may support the fact of
decreased hemoglobin level obtained in the present

study.

Chronic arsenicosis causes severe inflammatory
responses in spleen.”? In our study arsenic-induced
splenomegaly was observed. The spleen enlargement
might occur due to its over activity for excessive
filtering or removing abnormal blood cells such as
defective or dead RBC.*? In addition, enlargement of
liver was found in SA-exposed mice. Prolonged
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drinking of arsenic-contaminated water has

hepatotoxic effect. > An in vitro study also showed
that chronic exposure to arsenic induced malignant
transformation of rodent liver cells.”’” So it is possible
that the liver cells in SA-exposed mice might
undergo abnormal and rapid growth leading to liver
enlargement. Monocytes and neutrophils counts are
known to increase due to various stresses. The stress
generated by the poisonous heavy metal arsenic,
might cause high monocytes/neutrophils count in our
study. Further investigation is needed to understand
the effects of arsenic that would help to find effective

ways of tratment against arsenic-mediated

complications in human.
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