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ABSTRACT

Arsenic in its inorganic form is toxic and can cause severe health effects including cancers. In several
in vitro experiments, arsenic exposure has shown multiple effects at the molecular level. However, the
proper understanding of the role of arsenic in the cause of these diseases is still limited. In this work, we
demonstrated the toxicity effect of sodium arsenite in the liver tissues of freshwater fish Channa punctatus
and observed the histopathological as well as surface ultrastructural changes on it. A simultaneous study
was performed to observe the protective effect of garlic extract (4/lium sativum L.) on the liver tissue of
arsenic-induced C. punctatus. The liver tissue of the control group showed a normal histoarchitecture.
The arsenic-exposed liver tissue revealed hepatic lesions in the form of cloudy swelling of hepatocytes,
vacuolar degeneration, karyolysis, dilation of sinusoids, and nuclear hypertrophy. Lesser hepatic
alternation was observed in the liver tissue of arsenic-exposed C. punctatus concurrently treated with
garlic extract. The protective effect of garlic was shown in the normalization of hepatocytes in the
arsenic-induced liver tissue.
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INTRODUCTION arsenic is very likely the causative agent of various
other forms of internal cancers which has been
confirmed from several evidences.®*!!l Therefore
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many researches.*®!) The anti-arsenic activities
of garlic are due to the presence of biologically
active lipophilic sulfur-bearing compounds such
as allicin, S-allylycysteine, diallyl-di-sulfide, and
diallyl-sulfide.t®!7-%!

The present study carried on the toxicity effect of
sodium arsenite in the liver tissue of freshwater
fish Channa punctatus and observed the
histopathological as well as surface ultrastructural
changes on it. This work also aimed to study
the ameliorative effect of aqueous garlic extract
(AGE) in the liver tissue of arsenic-induced
fishes. A critical value of the concentration of
sodium arsenite has also been evaluated above
which fishes are likely to be killed. A commonly
useful measure of toxicity LC50 is used for
this purpose. The aim of this study was, first, to
observe the toxicity effect of arsenic on the histo-
architecture of liver tissue and second, to evaluate
the protective role of AEG on the ultra-structural
changes of arsenic-induced liver tissue.

MATERIALS AND METHODS
Collection and Acclimatization of Fish

Forthe present study, healthy and disease free fishes
C. punctatus (weight 22—50 g) were collected from
local markets in Guwahati. After disinfection with
a dip of 2% potassium permanganate (KMnO,)
solution, the fishes were acclimatized in aquaria
for 2 weeks before initiation of the experiment.
The water provided in the aquaria was from the
tap water in the laboratory and was changed on the
following day. The fishes were fed every day with
fish food available in the market. Proper aeration
was done during these periods.

Arsenic Treatment

Sodium arsenite (NaAsO,), molecular
weight - 12991 Merck, India (Ltd.), was
procured for performing the experiment. A stock
solution was prepared with water from which
the test concentration was prepared by dilution.
The control group of fishes was kept in similar
conditions without adding sodium arsenite. Fishes
were exposed to five different concentration of
sodium arsenite of 5, 15, 25, 35, and 45 ppm. The
toxicity bioassay was performed in a semi-static
system in triplicate with 10 specimens exposed for
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each concentration in each set in accordance with
the standard methods of acute toxicity bioassay
procedures given by American Public Health
Association 2005.

Determination of 96 h - LC 50:

Fishes were transferred to each aquarium and
exposed to five different concentrations such as
5, 15, 25, 35, and 45 ppm (parts per million) of
sodium arsenite. In all cases, control groups of
fishes were maintained. Each experimental trial
was carried out for a period of 96 h. The mortality
rate of the fish was recorded at logarithmic time
intervals that is, after 6, 12, 24, 48, 72, and 96 h
of exposure. The test media were renewed daily
during the experimental period. The data obtained
in the course of the investigation were analyzed
statistically to see whether there is any influence of
different treatment concentrations on the mortality
of the fish.

The mortality rate of C. punctatus to different
concentration of sodium arsenite can be seen in
Table 1. In the present study, it was observed
that 45 ppm sodium arsenite in water induced
death of all the exposed fishes within 96 h. The
96 h LC50 of sodium arsenite for C. punctatus
was found to be 25 ppm. Fishes treated with a
concentration of 5, 10, and 12 ppm survived
for >90 days with zero mortality rates. The
sublethal concentration of sodium arsenite for
the exposed group of fish was 10% of the LC50,
i.e., 2.5 ppm. The method of arsenic treatment
to the fishes, the method of determination of 96
h - LC 50 and its evaluation are in accordance
with our earlier publication.?"

Preparation of Garlic Extract

The outer layer of garlic (4. sativum L.) cloves was
removed, and crushed mechanically in a mortar-

Table 1: Mortality rate of Channa punctatus in response
to different concentration of sodium arsenite

Concentration of Arsenic Mortality (%) 96 h LC 50
(ppm: parts per million) value (ppm)
5 0 25

15 20

25 50

35 80

45 100
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pestle with 100 ml of autoclaved distilled water
for 1 g of garlic. The homogenate was shaken for
20 min, filtered successively through gauze and
0.22 micron membrane filter to obtain the AGE.!®

Experimental Design

Six fishes were used for each set and three sets of
experiments were carried out for 15 days. First set
was taken as control without any dose. Second set
was given the sublethal dose 2.5 ppm of sodium
arsenite. The third set received the same dose of
sodium arsenite mixed with 10 ml of AGE. The
water, arsenic and garlic treatments of each plastic
pool were changed after 48 h.

Histological Studies in the Target Organs of
C. punctatus Exposed to Sodium Arsenite

Fishes were  randomly selected  for
histopathological examinations. Liver tissues
were isolated from normal and experimental fish.
Physiological saline solution (0.75% NaCl) was
used to rinse and clean the tissue. They were fixed
in aqueous Bouin’s solution for 24 h, processed
through graded series of alcohols, cleared in
xylene, and embedded in paraffin wax. Sections
were cut at 4 micron thickness and stained with
Hematoxylin and eosin stain. Histopathological
lesions were examined and photographed with the
help of computer attached Bright Field Microscope
(LeicaDM3000).

Scanning Electron Microscopic (SEM) Study

Liver tissues of both the control and the treated
groups were rapidly removed and processed
routinely for SEM studies. Liver tissues were cut
into small pieces of 1 mm thickness and fixed
in 2.5% glutaraldehyde prepared in cacodylate
(sodium phosphate) buffer adjusted to pH 7.4 for
24 h and afterward washed in phosphate buffer
for 15 min. After dehydration in ascending
series of acetone, samples were immersed in
tetramethylsilane for 10 min at 4°C. Then, they
were brought to room temperature to dry. The
specimens were mounted on aluminum stubs
coated with gold and observed through SEM
in Sophisticated Analytical Instrument Facility,
North-Eastern Hill University, Shillong -
793022.
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RESULTS AND DISCUSSION
Morphological Changes

No morphological changes have been observed in
the control group of fishes, and they were found
in good condition. However, the sodium arsenite
treated fish showed the rapid movement of fins and
operculum. They produced a lot of slime around
their body. The overall activities of the sodium
arsenite treated fishes decreased with time.

Histological Studies

In the liver tissue of control group of C. punctatus,
there was normal structure and systematic

arrangement of hepatocytes. Hepatic cells (HC)
were roundish, polygonal containing clear spherical
nucleus which can be seen in Figure 1. The normal

of Channa punctatus observed through optical microscope
(Nucleus, Hepatic cell, and Granular cytoplasm)
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Figure 2: Histological changes observed through optical
microscope in the liver tissue of sodium arsenite-treated
Channa punctatus (vacuole formation, nuclear hypertrophy,
cytoplasmic deformation, cloudy swelling of hepatocytes,
and Karyolysis)
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histological arrangement was not found in the liver
tissue of sodium arsenite treated C. punctatus.
A micrograph of liver tissue of sodium arsenite
treated C. punctatus is shown in Figure 2. The
micrograph shows a lot of rupture of blood vessels,
necrotic tissue with marked loss of hepatocytes and
extensive area of vacuolation in the liver tissue.
These observations are in accordance with our
earlier experiment described elsewhere.*” Figure 3
shows the micrograph of liver tissue exposed to
sodium arsenite and treated concurrently with garlic
extract. It can be seen that there is the lesser extent
of vacuolar degeneration and focal necrosis (FN).
The hepatocytes are seen almost in normal structure.

SEM Study

A SEM of liver tissue in control C. punctatus
is shown in Figure 4 which represents normal

ultrastructural morphology of hepatocytes. Serous
membranes with some connective tissue are seen
on the surface of the liver tissue. HC are seen with
clear spherical nucleus. In our study, it has been
found that sodium arsenite caused several damages
in the liver tissue which includes the destruction
of normal arrangement of the cells, Vacuolar
degeneration (VD) of cytoplasm, FN, and cloudy
swelling of hepatocytes (CSH). These changes
are represented in Figure 5. Similar effect has
also been observed in our previous experiment.*”
Ultrastructural changes observed in the liver tissue
of C. punctatus exposed to sodium arsenite and
treated concurrently with garlic extract can be
seen in Figure 6. The micrograph shows the lesser
extent of damage to liver tissue with CSH and
VD. Liver is the primary organ for detoxification
of foreign compounds!" and one of the most
affected organs by contaminants in water.!'! In
ecarlier studies®'??! on sodium arsenite-treated

Flgure 3: Optlcal mlcrograph of hver tissue of Channa
punctatus exposed to sodium arsenite and treated
concurrently with garlic extract (Vacuolar degeneration and
focal necrosis)

Figure 4: Surface ultrastructure of the liver tissue in the
control group of Channa punctatus observed through
scanning electron microscope
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Figure 5: Surface ultrastructural changes observed
through scanning electron microscope in the liver tissue
of sodium arsenite treated group of Channa punctatus
(cloudy swelling of hepatocytes, vacuolar degeneration,
and necrosis)

Figure 6: Scanning electron micrograph of liver tissue

in the group of Channa punctatus exposed with sodium
arsenite and treated concurrently with garlic extract (cloudy
swelling of hepatocytes and vacuolar degeneration)
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C. punctatus showed concentration-dependent
reduced cell viability and chromosomal DNA
fragmentation of liver cells. Findings of Ahmed
et al. (2008)?! revealed that lower concentration
of sodium arsenite-induced apoptotic death of
cells while higher concentration induced necrotic
cell death. Ansari and Alam (2014) revealed that
acute toxicity of arsenic was significantly higher
when compared to cadmium and copper, after 96 h
exposure of Danio rerio. Sangeeta et al. (2012)!*
observed a decrease in the activities of alanine
aminotransferases and aspartate aminotransferase
in the arsenic-exposed C. punctatus. Studies on
sodium arsenite-induced mice by Chowdhury
et al.?" revealed high frequencies of chromosomal
aberrations and damaged cells. However, it was
observed that garlic extract reduced the clastogenic
effects of arsenic to a statistically significant level.
Chowdhury et al.'® observed inin vitro experiments
that garlic reduced arsenic-induced cytotoxicity,
reactive oxygen species production and repressed
expression of p53 and hsp 90 genes in human
skin malignant melanoma cells. The therapeutic
efficacy of AGE over arsenic was also confirmed
in NaAsO, intoxicated rats. Amer et al.”” revealed
that the histopathological studies in liver sections
from arsenate treated mice showed venous
congestion, sinusoidal dilation, mononuclear
cell infiltration, and periportal fibrosis. However,
the study revealed that the arsenic-exposed mice
cotreated with different antioxidants including
green tea, garlic, and vitamin C had reduced
histopathological alterations.

CONCLUSION

This study highlights the histological alteration
and the ultrastructural damages on liver tissue
of freshwater teleost C. punctatus exposed
to sublethal dose of sodium arsenite. High
sensitivity and behavioral changes in the treated
fish have also been observed. The ameliorative
effect of garlic extract in sodium arsenite-treated
liver tissue of C. punctatus has also been proved
from the light and electron micrographs. The
protective effect of garlic was shown in the
normalization of hepatocytes in the arsenic-
induced liver tissue. Hence, it can be concluded
that garlic extract could be an effective natural
agent to reduce the cellular damages in the
arsenic-exposed liver tissue.
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