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ABSTRACT 

The present investigation deals with the effect of arsenic trioxide on 

Clarias batrachus after 30, 45 and 60 days of exposure period. First 

group was treated as control group. Fishes of other 3 groups were 

treated with sublethal concentration 8.7mg/l of Arsenic trioxide for 

period of 30, 45 and 60 days. After exposure to experimental chemical, 

arsenic trioxide the liver cells of Clarias batrachus after 30 days 

showed Vacuolization, necrosis, cell damage, nuclear hypertrophy, 

cellular hypertrophy. Hypertrophy and cellular hypertrophy, 

cytoplasmic vacuolization was seen after 45 days of arsenic exposure 

while 60 days of exposure period showed necrotic cells, karyolysis and 

Kayorrhexis. edema between sinusoidal cells. 
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INTRODUCTION 

Intense activities in industrial and agricultural sectors have inevitably increased the levels of 

heavy metals in natural waters. Heavy metals play a major role among pollutants of 

environmental concern.
[1]

 They are serious pollutants of aquatic environment because of their 

environmental persistence and ability to be accumulated by aquatic organisms.
[2] 

The name 

“Arsenic” is derived from the Greek word “arsenikon”, which means yellow orpiment. It 

ranks 20th in earth's crust, 14th in sea water and 12th in human body, exhibiting metallic as 

well as non-metallic characteristics and corresponding chemical properties. Hence, it is 

known as metalloid, a well-known chemical element that has the symbol „As‟ and atomic 

number 33. Its atomic mass is 74.92 and is prevalent in the environment, occurring both 

naturally and as a consequence of pollution. Arsenic is one of the oldest human poisons 
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known to mankind. It has six specific characteristics.
[3] 

It has been considered as virulent 

poison on acute ingestion and is extremely toxic on long term exposure to very low 

concentrations, not visible in water and food, having no taste and no smell. Arsenic is a 

difficult metal for analysis, even when occurring in concentration twice as high as WHO 

guidelines, found in various chemical forms and oxidation states and is released into the 

aquatic environment by various process and industrial discharges. After releasing to aquatic 

environment, arsenic species enter into methylation / demethylation cycle, while some are 

bound to the sediments or taken up by biota where, they could undergo metabolic conversion 

to other organo-arsenicals. Arsenic generally exists in the inorganic form in water samples. 

Under different redox conditions arsenic is stable in the +5, +3, -3, and 0 oxidation states. 

The pentavalent (+5) arsenic or arsenate species include AsO4 3-, and H2AsO4-. The trivalent 

(+3) arsenic or arsenite species include As(OH)4-, AsO2(OH)2-, and AsO-3. The pentavalent 

arsenic species are predominant and stable in the oxygen-rich aerobic environment, whereas 

the trivalent arsenic species are predominant in the moderately reducing anaerobic 

environment such as groundwater. The changes in the haematological parameters of fish are a 

helpful biomarker for evaluating their health status.
[4] 

Pure arsenic is usually found in the 

environment combined with other elements such as Oxygen, Chlorine called as inorganic 

arsenic. Arsenic combined with carbon and hydrogen is called arsenic (organic). Two 

primary forms of Arsenic in water are trivalent arsenic (As+3) arsenite(III) and pentavalent 

arsenic (As+5) arsenate (V). Arsenic as free element (o-oxidation) state is rarely encountered 

in natural waters. Soluble inorganic arsenate predominates under normal conditions since it is 

thermodynamically more stable in water than arsenite (+3) oxidation state. The most 

important inorganic arsenic compounds are arsenic trioxide, sodium arsenite, arsenic 

trichloride, arsenic acid and arsenites (trivalent forms) lead and calcium arsenates 

(pentavalent forms). Inorganic arsenic is more toxic than organic and the trivalent forms are 

more toxic than pentavalents.
[5]

 Common organic arsenic compounds are arsanilic acid, 

methylarsonic acid (MMA), dimethylarsinic acid (DMA), and arsenobetaine.
[6]

 In the nature, 

arsenic can also be found to a small extent in elemental form. Arsenic is one of the toxic 

environmental pollutants which has recently attracted attention because of its chronic and 

epidemic effects on human health. The biotransformation of inorganic arsenic species (As+3 

and As+5) into less toxic organic species can occur through monomethylarsonic acid 

(MMAV) reductase and methyltransferase enzymes involvement during reduction and 

methylation reactions.
[7][8] 

General inorganic arsenic species like As +3 and As +5
[9]

 are more 

toxic than organic species, in spite of the differences that exist between the effects of arsenite 
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(As+3) and arsenate (As+5).
[10][11][12] 

Among the inorganic arsenic species arsenate is less 

toxic when compared to arsenite both under in vivo and in vitro conditions. The toxicity of 

arsenite (As+3) is related to its high affinity to sulphydryl (–SH) groups of proteins like 

glutathione (GSH) and lipoic acid and the cysteinyl residues of many enzymes while arsenate 

interferes with phosphorylation reactions.
[13] 

Treatment of wood using chromate copper 

arsenate, burning of coal in thermal power plants, operation of gold minning, as treatment of 

land with arsenical pesticides. Arsenic occurs naturally and its use is possibly aggrevated by 

the use of over powering aquifers and by phosphorous from fertililizers, production of dyes 

from tanneries, application of some herbicides and insecticides. It is present in effluents from 

Laundring
[14]

, an important environmental contaminant is present in the aquatic environment 

as a result of geogenic and anthropogenic processes,
[15][16] 

Liver is a major target organ of 

arsenic toxicity. As the principal metabolic organ, fish liver plays a major role in uptake, 

accumulation, bio-transformation and excretion of arsenic,
[17]

 It has been reported that 

sublethal concentration of arsenic induces stress proteins
[18] 

interefers with expression of 

different stress related genes
[19]

 and helps in generation of oxidative stress in fish liver.
[20] 

In 

aquatic environment, fishes are usually regarded as organisms of choice for assessing the 

effects of environmental pollution on aquatic ecosystems.
[21] 

 

MATERIALS AND METHODS 

Healthy living specimen of teleost, Clarias batrachus were collected from local fish market 

of Meerut. Fish measuring 15 ± 2cm in length and 60 ± 8 gm in weight were selected for the 

present study. They were brought to the laboratory as soon as to lessen the high mortality. 

Prior to the experimentation, fishes were thoroughly washed for 5 minutes with 0·01% 

Kmno4 to avoid any dermal infection. Selected fishes were acclimatised to the laboratory 

conditions for period of 15 days. 

 

ANIMAL CARE AND MAINTENANCE 

The fishes were maintained in glass aquarium under natural photo period. The water quality, 

dissolved oxygen content, pH were monitored regularly in each aquarium. Diseased fishes 

showing any abnormal behaviour were removed immediately from the tanks. Fishes were fed 

ad libitium with minced chicken liver with commercially available fish feed. Fishes were fed 

twice a day. Water in the aquariums were renewed after every 24 hr to get rid of faecal 

matter. 
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CHEMICAL EXPOSURE AND EXPERIMENTAL DESIGN 

Fishes were divided into 4 equal groups each comprising of 30 fishes. Each group was kept in 

separate glass aquaria of 250 litre capacity. First group was treated as control group. Fishes of 

other 3 groups were treated with sublethal concentration 8.7mg/l of Arsenic trioxide for 

period of 30, 45 and 60 days. Water in the aquariums were renewed after 24 hours and fresh 

solution of the toxicants were added to bring the concentration to the desired level. 

 

PREPARATION OF STOCK SOLUTION AND DETERMINATION OF 96 HOUR 

LC50 VALUE OF ARSENIC TRIOXIDE: 1gm of Arsenic trioxide stock solution was 

prepared by dissolving arsenic trioxide in 1NHCl under constant heating. The pH was 

adjusted to 7.4 by adding 1N NaOH dropwise and the solution was filtered by passing 

through filter paper. For the determination of median tolerance limits or LC 50, different 

concentrations of arsenic trioxide (20, 30, 40, 50, 60, 70, 80 and 90) mg/l were prepared from 

the stock and added in separate glass aquaria containing 50 L of water. Nine replicates of fish 

were maintained for each concentration and 20 fishes of equal size and weight were 

introduced. The test water was renewed at the end of 24 h and freshly prepared Arsenic 

trioxide was added to maintain the concentration of arsenic at a constant level. A concurrent 

control of 20 fish in three different glass aquariums were maintained under identical 

conditions. The mortality/survival of fish was recorded after 96 h. The dead fishes were 

removed from the tank immediately. The concentration at which 50% mortality of fish 

occurred after 96 h was taken as the median lethal concentration (LC 50), which was 87 mg/l, 

1/10th value of the LC 50 value for 96 h (8.7 mg/l) was taken as the sublethal concentration. 

 

HISTOPATHOLOGICAL STUDIES: After termination of experimentation period, the 

fishes were killed by damaging the brain liver were immediately removed from control and 

treated fishes for histopathological studies. After washing, dehydration in graded alcoholic 

series and clearing in xylene, the tissues were embedded in paraffin wax at 60
0
C. Addition of 

little histopatho-wax was found useful in lowering the melting point and in getting a 

continuous ribbon. Section of 5 mm were cut and stained with haematoxylin/eosin for the 

light microscopic examinations. Microphotographs of the sections were taken. Most of 

microphotograph has been taken in low as well as high magnification in order to study 

various histopathological changes. 
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OBSERVATION 

The liver of normal fish, Clarias batrachus consist of polygonal hepatocytes. Each hepatic 

cell consists of distinct nucleus, central nucleolus with granular cytoplasm. Hepatocytes form 

a rather cord-like pattern, these cords are arranged around tributaries of the hepatic vein. (Fig 

1) A large number of blood sinusoids were observed which separates the hepatic cords one 

from another. Bile caniculi between the two layers of cells form network of ducts eventually 

draining into canal of herring which entered in portal canal and merged into fine branches of 

bile duct. (Fig 2) After exposure to experimental chemical, arsenic trioxide the liver cells of 

Clarias batrachus were found to loose their regular shape due to precipitation of both 

cytoplasmic and nuclear material which resulted in shape deformation. Vacuolization, 

necrosis, cell damage, nuclear hypertrophy, cellular hypertrophy were the prominent 

alterations observed at this stage. This stage was well documented with arsenic-induced 

changes characterized by dilation of sinusoids, formation of intracellular edema, 

megalocytosis, and vacuolation. Hepatic cells with distorted nuclei were observed 45 days of 

exposure period were marked by degenerative changes in nucleus and cytoplasm which was 

noted in the form of nuclear hypertrophy and cellular hypertrophy, cytoplasmic vacuolization 

was observed during this period. Pyknosis, as well as necrosis was also noted at this stage. 

(Fig 3) After 60 days of treatment severe degenerative changes were observed around the 

central vein, which were marked by dialation of central vein showing rupture at various 

places. Nuclear changes were observed around the central vein, which showed pyknosis as 

well as karyolysis. (Fig4): Degenerative changes were observed all around the portal tract 

and central vein. Hepatocytes showed necrotic cells, karyolysis and Kayorrhexis. edema 

between sinusoidal cells was more pronounced. 

 

DISCUSSION 

Arsenic trioxide exposed fish exhibited considerable changes in liver sections and in the 

cellular components. The first sign of arsenic trioxide induced change is evident in the tissue 

sections obtained from 30 days exposed fish, with swollen hepatocytes and the sinusoids 

between hepatocellular plates becoming slightly dilated with initiation of vacuolation and 

glycogen deposition was also noted. The highest degree of histological changes were 

observed in the sections from 30-day arsenic- trioxide exposed liver in which the hepatocytes 

were enlarged (megalocytosis) due to an increase in nuclear–cytoplasmic ratio and appeared 

rather disorganized. It was further noted that the sinusoids had became more dilated leading 

to intracellular edema. Cells with distorted nucleus (necrotic) were also observed in the 45 
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days exposed fish liver. Liver sections from 30-day exposed fish exhibited architectural loss 

in the hepatocyte appearance of necrotic cells. Several studies are reporting arsenic-induced 

liver fibrosis, hepatocellular damage, inflammation, focal necrosis in addition to 

hepatocellular carcinoma these observations coincides with studies of various 

workers.
[22][23][24][25] 

After 30 days of exposure the normal architecture of the liver was 

altered. The hepatocytes show hydrophic degeneration and degenerative changes in nucleus. 

The central vein was dilated, blood sinusoids show dilation and congestion. Liver 

enlargement was observed in the present investigation which may be due to arsenic induced 

hepatocyte formation of vacuoles, oedema observed in the liver of exposed fishes are similar 

to those observed by workers in their studies.
[26][27][28] 

After 45 days of exposure the 

hepotocytes show cloudy swelling, Nuclear hypertrophy, cellular hypertrophy with 

cytoplasmic vacuolization, nuclear atrophy, peripheral nuclei, cytoplasmic degeneration, cell 

rupture, nuclear degeneration these studies were similar to the studies of workers.
[29][30][31] 

After 60 days of treatment severe degenerative changes were observed around the central 

vein, which was marked by dilation of central vein, showing rupture at various places. 

Nuclear changes were observed around the central vein, which showed pyknosis as well as 

karyolysis. Degenerative changes were observed all around the portal tract and central vein. 

Hepatocytes showed necrotic cells, karyolysis and Kayorrhexis. Oedema between sinusoidal 

cells were more pronounced. These studies were in aggrement to the earlier reports of 

workers
[32[33][34][35]

 various places. Nuclear changes are observed around the central vein, 

which showed pyknosis as well as karyolysis. Degenerative changes were observed all 

around the portal tract and central vein. Hepatocytes showed necrotic cells, karyolysis and 

Kayorrehexis. Oedema between sinusoidal cells was more pronounced various places. 

Nuclear changes are observed around the central vein, which showed pyknosis as well as 

karyolysis. Degenerative changes were observed all around the portal tract and central vein. 

Hepatocytes showed necrotic cells, karyolysis and Kayorrehexis. Oedema between sinusoidal 

cells was more pronounced. 
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Fig 1: Microphotograph of T.S of Liver of control Clarias batrachus H.E X 200. 

 

 

Fig 2: Microphotograph of T.S of Liver of Clarias batrachus after 30 days of  exposure 

to arsenic trioxide exhibiting ( megalocyte (→) intracellular oedema, (↑) Karyorrhexis, 

(←) cytoplasmic vacuolization, dilation of blood vessels H.E X200. 
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Fig 3: Microphotograph of T.S of Liver of Clarias batrachus after 45days of  exposure to 

arsenic trioxide exhibiting (←) pyknosis (→)necrosis of hepatocytes, (↓) degenerative 

changes in nucleus, (↑) cellular hypertrophy, inflammation, coagulative necrosis H.E 

X200. 

 

 

Fig 4: Microphotograph of T.S of Liver of Clarias batrachus after 60 days of exposure to 

arsenic trioxide exhibiting (←) pyknosis (↑) Karyolysis, (→) coagulative necrosis, (↓) 

hyperplasia and hypertrophy of hepatocytes, dilation of sinusoids, oedema H.E X 200. 

 

CONCLUSION 

30 days of exposure exhibits vacuolization, necrosis, cell damage, nuclear hypertrophy, 

cellular hypertrophy, histological studies on liver documented arsenic-induced changes 

characterized by dilation of sinusoids, formation of intracellular edema and megalocyte 

formation. Nuclear hypertrophy and cellular hypertrophy, cytoplasmic vacuolization was 
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observed during this period. Pyknosis, as well as necrosis was also noted after 45 days of 

exposure. 60 days of exposure period showed dialation of central vein, showing rupture at 

various places. Nuclear changes are observed around the central vein, which showed 

pyknosis as well as karyolysis. More degenerative changes were observed after 60 days of 

exposure period. Hepatocytes showed necrotic cells, karyolysis and Kayorrehexis. Oedema 

between sinusoidal cells was more pronounced. 
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