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properties contribute to the protection of cells and tissues against the
deleterious effects of reactive oxygen species and other free radicals.
In spite of tremendous advances in modern medicine, there are hardly

any reliable drugs that protect the liver from damage and/or help in the regeneration of
hepatic cell. The present study aimed to evaluate the Histopathological and biochemical
effects of paracetamol-induced toxicity in freshwater fish Labeo rohita. The following
conclusion obtained after supplementation of paracetamol exposed fish. Increased the
oxidative stress confirmed by the formation of MDA. Declined the antioxidant enzymes
GSH, SOD, Catalase and GPx. Increased the liver markers ALT and AST. Decline the
protein content in liver, gill and muscles. Histopathalogical observations confirmed its
hepatotoxic activity. Over all, the protective effect of paracetamol-induced hepatotoxicity in
fishes appears to be related to the increased of lipid peroxidation and decline of antioxidant

enzyme levels in addition to free radical generation.
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1. INTRODUCTION

Fish is very important dietary animal protein source in human nutrition. Production of aquatic
species through freshwater fisheries and aquaculture for protein supply is being encouraged
in developed or developing countries. According to nutritionists, fish is an excellent
substitute for red meat and an excellent source of protein. Fish flesh contains all the essential
amino acid and minerals viz., iodine, phosphorus, potassium, iron, copper and vitamin A and
D in desirable concentrations. It serves as valuable ingredient to a healthy diet because of its
low carbohydrate and unsaturated fat contents. So the inclusion of fish in our diet can make a
valuable contribution to any diet that contain mainly of cereals, starchy roots and sugar for
the healthy growth. Fish are the most at threat from aquatic pollution and together with their
long-term exposure in natural habitat they are suitable bio monitors of environmental
pollution (Padmini et al., 2004). Fish is generally acknowledged as a worthy model for
assessing aquatic contamination and is used as an environmental sentinel for water toxicants.
Fish liver can be regarded as the body's detoxification organ and hence a target organ of

various xenobiotic substances.

Several chemicals have been known to induce hepatotoxicity. Carbon tetrachloride (CCly),
galactosamine, d-galactosamine/lipopolysachharide (GalN/LPS), thioacetamide,
antitubercular drugs, paracetamol, arsenic etc., are used to induce experimental hepatotoxicity
in laboratory animals (Ward and Daly, 1999). Paracetamol is a safe, effective, well tolerated
and cheap analgesic and anti-pyretic drug with relatively few adverse effects when used at the
recommended therapeutic dosage. It was first introduced in the year 1955 for its clinical
application and since then, it is widely used almost throughout the world. In many countries
the drug is readily available over the counter without the need of prescription. It’s easy
availability and no need for prescription made it one of the commonest drugs used for
suicidal or self harm purposes Its toxicity was noticed in the 1960s (Sheen et al., 2002). Since
then number of case coming to the emergency department kept on increasing, especially in
UK (Prescott et al., 2009, Bergen et al., 2010). It is also a frequent cause of poisoning in
many of the countries, including North America, Australia and New Zealand and several
other countries in Europe (Larson et al., 2005, Nourjah et al., 2006, Wei et al., 2007).
Increasing number of the case brought the idea of legalization of drug from over the counter

policy to prescription only status. Following legislation in 1998 to limit pack sizes, beneficial
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effects on paracetamol related mortality and morbidity were reported in England. Although
following legislations to limit pack sizes, morbidity and mortality reduced, however strict
measures as required to reduce breaches of sales guidelines (Hawton et al., 2001). The
present study aimed to evaluate the Histopathological and biochemical effects of

paracetamol-induced toxicity in freshwater fish Labeo rohita.

3. MATERIAL AND METHODS

3.1 Collection and acclimation of experimental fishes

Labeo rohita (average weight 60g) were procured from Fish farm, Thittai, Thanjavur-district
Tamil Nadu, India, using cast net and maintained in the laboratory in a glass aquarium tank
and acclimated in aerated tap water with continuous aeration for two weeks prior to

experimentation. During this period, fishes were fed with a known amount of fish food.

3.1Experimental design

In this experiment, fishes of uniform size (length, 10.3cm) and weight (60 g) were segregated
from the stock and acclimated for 3 days to the lab conditions, temperature (28+2°C), pH
7.5-7.8, and an almost normal photoperiod (12:12-h L/D). The fishes were divided into three
groups (one control and two experimental groups) of ten individuals each and introduced into
the trough containing dechlorinated tap water. All the experimental fishes were administered
orally with the respective material.

Group | Control fish with 0.09% saline,

Group Il with a single dose of paracetamol (500 mg/kg body weight)

The paracetamol administration. Paracetamol was first dissolved in water at 70°C and then
cooled to 37°C before administration. The fishes were killed at 24 h by decapitation. Tissue
samples from the liver, gill, muscles were extracted and prepared for biochemical analysis. A

duplicate was run simultaneously and the pooled samples were analysed.

3.2 Biochemical analysis

At the end of the experimental period, blood was from the caudal circulation with and
without heparinised 2 ml disposable syringe fitted with a 21 gauge hypodermic needle. The
blood was allowed to clot by standing at room temperature for 30 minutes and then
refrigerated for another 30 minute. The resultant clear part was centrifuged at 3000rpm for
10minutes, and then the serum (supernatant) was isolated and stored at refrigerated until

required for analysis.
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3.2.1 Tissue homogenate

Immediately after blood collecting, the fish was sacrificed and the muscletissue, liver and gill
were dissected out, washed with ice-cold physiological saline. The required amount was
weighed and homogenized using a Teflon homogenizer. Tissue homogenate was prepared in

0.1 M TrisHcl buffer (pH 7.4) and used for the estimation of various biochemical parameters.

3.3 BIOCHEMICAL ESTIMATION

Malondialdehyde was estimated by the thiobarbituric acid assay method of Beuge and Aust
(1978). Reduced glutathione was estimated by method of Moron et al (1979).The activity of
mitochondrial glutathione peroxidase was assayed by the method of Rotruck et al (1973).
Copper-zinc superoxide dismutase activity was determined by the procedure of Kakkar et al.
(1984) in plasma. The activity of catalase was assayed by the method of Beers and Sizer
(1952). The serum GOT was estimated by the method of Reitman and Frankel (1957).  The
serum GPT was estimated by the method of Reitman and Frankel (1957).Protein was
estimated by the method of Lowry et al. (1951). The level of protein was expressed as mg/g

tissue.

3.4 Statistical Analysis
The results were presented as Mean = SD. Data was statistically analyzed using student “t”

test. P.values set as lower than 0.05 were considered as statistically significant.

4. RESULTS AND DISCUSSION
The present study was carried out to analyze the various biochemical parameters in control,
paracetamol treated Labeo rohita fish. The observations made on different groups of fishes

were compared as follows.

Table 1 - Shows the levels of MDA, GSH, SOD, CAT and GPx in liver of control and
experimental group fish. MDA content was increased in group Il as compared with group I.
GSH content was decreased in group Il as compared with group I. SOD, Catalase and

Glutathione peroxidase activity were increased in group Il as compared with group 1.
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Table 1: The levels of liver antioxidant MDA, GSH, SOD, CAT and GPx in control and

experimental fish.

Parameters Group | Group Il
MDA

(nmole of MDA/mg tissue) 1.33+0.10 | 2.58+0.15
GSH (pg/mg tissue) 1.71+0.11 | 2.59%0.20
SOD (U/mg tissue) 4,19+0.31 | 5.24+0.48
CAT (U/mg tissue) 0.£0.03 1.15+0.10
GPx (U/mg tissue) 6.58+0.46 | 7.46+0.43

Values were expressed as mean x SD for fishes.

Table 2 - Shows the levels of MDA, GSH, SOD, CAT and GPx in Gill of control and
experimental group fish. MDA content was increased in group Il as compared with group I.
GSH content was decreased in group Il as compared with group I. SOD, Catalase and

Glutathione peroxidase activity were increased in group Il as compared with group 1.

Table 2: The levels of Gill antioxidant MDA, GSH, SOD, CAT and GPx in control and

experimental fish.

Parameters Group | Group Il
MDA

(nmole of MDA/mg tissue) 1.15+0.08 | 1.93+0.12
GSH (pg/mg tissue) 1.49+0.10 | 2.11+0.15
SOD (U/mg tissue) 3.2840.21 | 3.63+0.25
CAT (U/mg tissue) 0.27+0.03 | 0.61+0.05
GPx (U/mg tissue) 5.69+0.42 | 6.18+0.51

Values were expressed as mean + SD for fishes.

Table 3 - Shows the levels of MDA, GSH, SOD, CAT and GPx in Muscles of control and
experimental group fish. MDA content was increased in group Il as compared with group I.
GSH content was decreased in group Il as compared with group I. SOD, Catalase and
Glutathione peroxidase activity were increased in group Il as compared with group 1.

Table 3: The levels of Muscles antioxidant MDA, GSH, SOD, CAT and GPx in control
and experimental fish.

Parameters Group | Group Il
MDA (nmole of MDA/mg tissue | 1.58+0.13 2.94+0.20
GSH (ug/mg tissue) 1.73+0.11 2.41+0.17
SOD (U/mg tissue) 3.01+0.21 3.95+0.24
CAT (U/mg tissue) 0.43+0.02 0.79+0.04
GPx (U/mg tissue) 6.71+0.45 7.62+0.54

Values were expressed as mean x SD for fishes.
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Table 4 - Shows the levels of SGOT and SGPT in blood and liver of control and experimental
group fish. SGOT and SGPT activity were increased in group Il as compared with group 1.

Table 4: The levels of blood and liver SGOT and SGPT in control and experimental
fish.

Parameters | Group!l | Groupll
Blood

SGOT (IU/L) 1.03+0.05 | 1.59+0.10
SGPT (IU/L) 1.074£0.06 | 1.71+0.15
Liver

SGOT (umole/mg tissue) 0.61+0.08 | 1.55+0.14
SGPT (umole/mg tissue) 0.51+0.04 | 0.73x0.07

Values were expressed as mean x SD for fishes.

Table 5 - Shows the levels of Proteinin Liver, Gill and Muscles of control and experimental
group fish. Liver, Gill and Muscles Protein content were decreased in group Il as compared

with group 1.

Table 5: The levels of Liver, Gill and Muscles Protein in control and experimental fish.

Parameter | Group | Group Il
Liver 2.21+0.18 1.7940.13
Gill 0.45+0.06 0.20+0.03
Muscles 0.75+0.04 0.21+0.02

Values were expressed as mean + SD for fishes.

4.2 Histopathological observation of control and experimental fish
Histopathological studies showed that Group Il paracetamol caused the derangement of liver
to become irregular and the gap to widen. The liver and gill cells show hepatocellular

vacuolization and degeneration. Control group (1) shows the normal architecture of liver and
gill. (Fig 5).

Liver (Group II)
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Fig 5: Histopathological observation of control and experimental fish.

5. DISCUSSION

Paracetamol-induced hepatic failure is the second leading cause of liver transplantation and
accounts for considerable levels of morbidity and mortality (Lee 2004). Paracetamol is a
widely used analgesic and antipyretic drug. It is selected as a hepatotoxicant in inducing
injury tothe liver as it is known to cause hepatotoxicity in man and experimental animals
when taken overdose, which leads to the elevation of liver enzymes (Ahmed and Khater,
2001; Kumar et al. 2004). Leakage of cellular enzymes in to plasma indicates a hallmark sign
of hepatic injury or damage (Kumar et al. 2004; Ramaiah 2007). In addition, the extent and
type of liver injury or damage can be assessed based on the presence or absence of specific
enzymes in the bloodstream (Kumar et al. 2004). Generally, measurements of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) are commonly used as marker
enzymes in assessing Paracetamol-induced hepatotoxicity (Asha et al., 2004).

We found that the activities of the tissue-damaging enzymes AST and ALT markedly
increased in Labeo rohita 24 h after exposure to paracetamol. AST and ALT are enzymes
involvedin the metabolism of amino acids. An increase in the levels of ALT and AST has
been shown to reflect liver damage (Bhattacharya et al., 2005). In the assessment of liver
damage by Paracetamol, determination of enzyme levels such as AST and ALT is largely
used. Necrosis or membrane damage releases the enzyme into circulation and hence can be
measured in the serum. AST is an enzyme found in the mitochondrion and cytoplasm of all
cells. High levels of AST indicate liver damage, such as that caused by viral hepatitis as well
as cardiac infarction and muscle injury. AST catalyses the conversion of alanine to pyruvate
and glutamate and is released in a similar manner. ALT is a cytoplasmic hepatocellular
enzyme whose increase in blood is highly indicative of liver damage, e.g. hepatitis, cirrhosis

or hepatic tumors. Therefore, ALT is more specific to the liver and is thus a better parameter
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for detecting liver injury. Elevated levels of enzymes are indicative of cellular leakage and
loss of functional integrity of the cell membrane in the liver (Kumar et al. 2004). The
elevated activity of AST and ALT were significantly increase by treatment with Paracetamol.
The present results showed that Paracetamol, deplete the hepatic levels of proteins. There is a
close relationship between the rate of protein synthesis in the liver tissue and total protein
concentrations in the body tissues. The depleted level of total protein (composed of albumin
and globulin) in liver reflects the decrease of protein synthesis in gill and muscles.
Supplementation of Paracetamol showed significant decreased on gill, muscle and liver tissue

proteins.

In this study, a single dose of Paracetamol (500 mg/kg body weight) treatment caused a
significant elevation of enzyme levels such as SOD, CAT, GPx and increased content of
MDA, decreased content of GSH when compared with the control group I. The increased
enzyme levels in Paracetamol-induced liver damage and antioxidant activities. All the
identified enzymes were brought back to normal or near-normal levels. This was also
supported by the limited extent of histological changes. Free radicals play an important role
in the physiopathological situations involving lipid peroxidation reactions. It is established
that a fraction of paracetamol is converted via the cytochrome P450 pathway to a highly toxic
metabolite, Nacetyl-p-benzoquinone imine which is normally conjugated with glutathione
and excreted in urine. An overdose of paracetamol depletes glutathione stores, leading to the
accumulation of NAPQI mitochondrial dysfunction (Parmar and Kandakar 1995) and the
development of acute hepatic necrosis. Several P450 enzymes are known to play an important
role in Paracetamol bio activation to NAPQI. P450 2E1 have been suggested to be primary
enzymes for Paracetamol bio activation in liver microsomes (Raucy et al., 1989). Studies
demonstrated that Paracetamol-induced hepatotoxicity can be modulated by substances that
influence P450 activity (Mitchell et al., 1973). Wendel et al., (1982) reported that

paracetamol metabolism triggers lipid peroxidation, which is responsible for liver injury.

SOD catalyses the transformation of superoxide radicals to H,O, and O, and is the first
enzyme to deal with oxyradicals (Kappus 1985). As a result, SOD activity made a
counteractive response under oxidative stress. In this work, SOD activity was induced
significantly under Paracetamol treatment, which indicated the increase of superoxide radical
anion. SOD responded to the oxidative stress of Paracetamol treatment at 500 mg/kg, which

suggested that its activity was very sensitive. Thus, the SOD and CAT induction observed in
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this study could be related to increased ROS production. Elevated antioxidant status attempts
to neutralize the impact of ROS. The peroxidases are enzymic antioxidants widely distributed
in all animal tissues which decompose hydrogen peroxide and protect the tissue from highly
reactive hydroxyl radicals. Therefore, the reduction in the activity of these enzymes may
result in a number of deleterious effects due to the accumulation of superoxide radicals and

hydrogen peroxide (Murugesh et al., 2005).

Oxidative stress occurs when the critical balance between oxidants and antioxidants is
disrupted due to the depletion of antioxidants or excessive accumulation of ROS, or both,
leading to damage (Scandalios 2005). Ainecrease in enzyme activity of SOD is a sensitive
index in hepatocellular damage and is the most sensitive enzymatic index in live injury
(Curtis and Mortiz 1972). SOD has been reported as one of the most important enzymes in
the enzymatic antioxidant defence system. It scavenges the superoxide anion to form
hydrogen peroxide, thus diminishing the toxic effect caused by this radical. In Paracetamol, it
causes a significant decline in hepatic, gill and muscle SOD activity and thus reduces reactive

free radical-induced oxidative damage to liver.

Glutathione is one of the most abundant tripeptide, non-enzymatic biological antioxidants
present in the liver. It removes free radical species such as hydrogen peroxide and superoxide
radicals and maintains membrane protein thiols. Also, it is substrate for GPx (Prakash et al.,
2001). GSH plays an essential role in the detoxification of paracetamol and protects
hepatocytes by uniting with the reactive metabolites of paracetamol. Thus, it prevents them
from binding covalently with liver proteins. Intracellular decrease of GSH exposes the cell to
the destructive effects of oxidative stress (Lauterburg and Velez 1988). The increased level of

GSH is associated with an enhanced lipid peroxidation in Paracetamol-treated fishes.

Histopathological studies showed in Paracetamol treated liver tissue an explicit
disarrangement of muscle bundles, becoming irregular with a widened gap. The liver and gill

cells showed hepatocellular vacuolization and degeneration.

The present study concluded that the protective effect of paracetamol-induced hepatotoxicity
in fishes appears to be related to the increased of lipid peroxidation and decline of antioxidant

enzyme levels in addition to free radical generation.
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