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ABSTRACT

The metabolic processes and in detoxification of xenobiotics liver plays an important role. This study examined the
toxicological effects of lambda cyhalothrin on liver function of freshwater catfish focusing on liver marker enzymes,
gluconeogenic enzymes and cytochrome p450 protein. Specific activity of Aspartate Amino Transferase (AST) and
Alanine Amino Transferase (ALT), specific activity of Alkaline Phosphatase (ALP) and Acid Phosphatase (ACP), Specific
activity of Alkaline Phosphatase (ALP) and Acid Phosphatase (ACP), Specific activity of Phosphoenol Pyruvate
Carboxykinase (PEPCK) and the specific activity of pyruvate carboxylase were tested. The hepatic activity of the liver
marker enzymes Alanine Amino Transferase (ALT) and Aspartate Amino Transferase (AST) varied significantly (P <
0.05) over the period of exposure. Increased phosphatase activity was observed with 45.21% and 7.07% in fish exposed to
higher and lower sub-lethal doses, respectively, despite an overall significant drop in acid phosphatase (ACP) and alkaline
phosphatase (ALP) activities (P < 0.01). Although it decreased at the end of the exposure, the gluconeogenic enzyme
Phosphoenol Pyruvate Carboxykinase (PEPCK) was still considerably higher (P < 0.05) than the control levels.
Additionally, even on day 45, gamma-glutamyl transferase (GGT) activity remained elevated (P < 0.05). The amount of
cytochrome P450 (CYP450) changed dramatically (P < 0.05) over the course of exposure in both experimental indicating

INTRODUCTION

The liver is an important organ involved in metabolic processes
and in detoxification of xenobiotics. In certain situations, the
toxic substance accumulation may exceed toxic levels and cause
pathological alterations (Ferguson, 1989; Braunbeck et al.,
1990). The occurrence of acid phosphatase and alkaline
phosphatase enzymes in tissues is believed to be associated with
the transport of metabolites and metabolism of phospholipids,
proteins and nucleotides (Srivastava et al., 1995).

Liver is a large and metabolically most complex organ in the
body. It is involved in the metabolism of nutrients as well as
many drugs and toxicants. Liver injury is dependent not only on
the particular agent but also its mechanism of action and length
of exposure (Jacobson Kram and Keller, 2001). Toxicants are
bound to significantly damage certain physiological and
biochemical processes when they enter the organs of fishes
(Murty, 1986; Teh et al., 1997). In toxicological studies of acute
exposure, changes in the activity of enzymes often directly
reflect cell damage in specific organs (Casillas et al., 1983).
Liver is a major metabolic and detoxification site in animals. Any
toxic substance when enters the body has to pass through the
liver and may thus bring about various pathological changes in
the hepatic cells which is evident from the increased levels of
certain biomarker enzymes which are being used predominantly

disrupted detoxification pathways.

in toxicological studies, to assess the extent of damage brought
about by the toxicant.

The concentrations of ACP and ALP in the haemolymph, gills and
muscle tissue of prawn, Macrobrachium malcolmsonii were
reported to be significantly declined on exposure to endosulfan
(Bhavan and Geraldine, 2004). Jana et al. (1985) also observed a
significant decline in the ACP and ALP levels in the freshwater
fish, Clarias batrachus on exposure to mercury. Studies on the
effect of a sub-lethal concentration of carbofuran on air
breathing catfish, Clarias batrachus also showed a significant
decline in the acid and alkaline phosphatase enzyme levels in
the vital tissues of the fish (Mukhopadhyay et al., 1982).

The decrease in the tissue ACP and ALP levels can be correlated
with their subsequent increase in the serum due to the leakage
of these enzymes from the tissues into the serum. Another
important group of liver biomarker enzymes are the
transaminases which play an important role in the utilization of
protein and carbohydrates. It has been suggested that stress
induces the transamination pathway has been reported in the
earlier findings of Malla Reddy and Bashamohideen (1995). Fishes
are known to respond to stressful conditions by gearing up their
metabolic activity by elevation of transaminases. Sharma (1999)
also reported a marked increase in the activities of
transaminases in the serum of Clarias batrachus treated with
carbamyl, a carbamate pesticide for a period of 15 days, the
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magnitude of the effect being dependent on the pesticide
concentration and duration of exposure.

Gamma glutamyl transpeptidase (GGT) is a liver enzyme involved
in the transfer of amino acids across the cellular membranes and
plays a role in glutathione metabolism. Gamma-Glutamyl
transpeptidase (GGT) is the only enzyme known that can cleave
the gamma-peptide bond between glutamate and cysteine in
glutathione, and is therefore a key enzyme in glutathione
degradation. Exogenous chemicals introduced into organism may
undergo  chemical metabolic  transformation termed
transformation, process biotransformation. Transformation is
accomplished by enzymes and results in either the alteration of
the foreign chemical or the formation of conjugated products.
The new product may be toxic than the parent compound. The
activity of fish monooxygenases has been used as a monitoring
tool to evaluate contamination by cytochrome P450 inducing
agents (Figueiredo-Fernandes et al., 2006). Cytochrome P450 is
an important family of oxidation enzymes that are involved in
the oxidation, reduction and hydrolysis reactions of the
metabolism of a majority of xenobiotics. This is an attempt to
study the effect of lambda cyhalothrin on liver marker enzymes,
gluconeogenic enzymes and cytochrome p450 protein content.
MATERIALS AND METHODS:

Specific activity of Aspartate Amino Transferase (AST) and
Alanine Amino Transferase (ALT):

The tissue and serum aspartate aminotransferase activity; the
tissue and serum alanine aminotransferase activity was assayed
following the method of Reitman and Frankel (1970). The
specific activity of AST was expressed as pmoles of pyruvate
liberated/hour/mg protein and the specific activity of ALT was
expressed as moles of pyruvate formed/hour/mg protein.
Specific activity of Alkaline Phosphatase (ALP) and Acid
Phosphatase (ACP):

Alkaline phosphatase (ALP) and Acid Phosphatase (ACP) activity
in the tissue and serum was assayed by the method of Bergmeyer
(1963). The specific enzyme activity was determined as
millimoles of phenol liberated/hour/mg protein.

Specific activity of Phosphorylase:

The specific activity of phosphorylase was assayed following the
procedure of Wootton (1964). The inorganic phosphorous
liberated was assayed according to the method of Fiske and
Subbarow (1925). The specific enzyme activity was expressed in
terms of umol of inorganic phosphorous formed/hr/mg protein.
Activity of Gamma-Glutamyl Transferase (GGT):

The serum gamma-glutamyl transferase activity was assayed
following the method of Szasz, 1974. The GGT content was
expressed as IU/L.

Specific activity of Phosphoenol
(PEPCK):

The specific activity of phosphoenol pyruvate carboxykinase was
assayed in the hepatic tissue following the procedure of
Mommsen et al. (1985). The specific activity of phosphoenol
pyruvate carboxykinase was expressed as units/g wet wt.
Specific activity of Pyruvate Carboxylase (PC):

The specific activity of pyruvate carboxylase was assayed
following the procedure of Foster and Moon (1986). The specific
activity of pyruvate carboxylase was expressed as units/g wet
wt.

Assay of liver microsomal cytochrome P450:

A. Isolation of microsomes: Microsomes were isolated from the
hepatic tissue following the procedure of Besselink et al. (1996).
B. Assay of cytochrome P450: Total microsomal Cytochrome P450
content was determined by the method of Omura and Sato
(1964).

RESULTS:

The alterations in the biomarker enzyme activity, gluconeogenic
enzyme activity cytochrome P450 content of the hepatic tissue
of the pyrethroid-exposed fishes are tabulated (Table 1a & 1b).
The fishes exposed to both the sub-lethal concentrations of the
pyrethroid showed an overall significant increase (P < 0.01) in
the activity of aspartate amino transaminase (AST) and alanine
amino transaminase (ALT) of the hepatic tissue. A comparison of
the ALT and AST activity in the hepatic tissue of pyrethroid-
exposed fishes at different durations of exposure also showed

Pyruvate Carboxykinase

significant variations (P < 0.05) in the levels of both these
enzymes in both groups of pyrethroid-exposed fishes.

An overall significant decline (P < 0.01) was witnessed in the
hepatic activity of acid phosphatase (ACP) and alkaline
phosphatase (ALP) in fishes exposed to the two different sub-
lethal concentrations of lambda cyhalothrin. A gradual and
significant decline (P < 0.05) was witnessed in the acid
phosphatase activity of both groups of pyrethroid-exposed fishes
in comparison with the control group. A similar trend was
witnessed in the activity of alkaline phosphatase enzyme in the
fishes exposed to the two different sub-lethal concentrations of
the pyrethroid.

The phosphorylase enzyme activity of the hepatic tissue of the
pyrethroid-exposed fishes of both groups showed a significant
elevation (P < 0.05) in comparison to the enzyme activity in the
control group of fishes. However, in both groups, a significant
elevation was witnessed in the enzyme activity only on the 30t
and 45" day of exposure to the pyrethroid, while no significant
change was witnessed on the 15" day. The phosphatase enzyme
activity showed an overall elevation of 45.21% and 7.07% in
fishes exposed to the higher and lower sub-lethal concentration
of the pyrethroid respectively.

The activity levels of the enzyme, phosphoenolpyruvate
carboxykinase (PEPCK) showed a significant elevation (P < 0.05)
on the 15" and 30 day of exposure to the pyrethroid in both
groups of experimental fishes when compared to the control
group of fishes. However, the initial increase in enzyme activity
was followed by a decline with an increase in the duration of
exposure. Though the PEPCK activity was found to decline
towards the end of the exposure period, the values still
remained significantly elevated (p < 0.05) beyond the control
levels.

A similar trend was also witnessed in the changes in the activity
of pyruvate carboxylase of the hepatic tissue in both groups of
pyrethroid-exposed fishes. The 30" day showed a significant
elevation (P < 0.05) of 29.87% and 29.37% in the enzyme activity
of the fishes exposed to the higher and lower sub-lethal
concentrations of the pyrethroid respectively when compared to
the control group of fishes. However, by the 45" day of
exposure, though the pyruvate carboxylase activity showed a
decline, the enzyme activity was still found to be elevated by
22.40% and 14.24% over the control. However, both groups of
experimental fishes showed an overall significant change (P <
0.01) in the enzyme activity.

The activity of gamma glutamyl transferase (GGT) was also
found to be significantly elevated (P < 0.05) over the control
levels on the 30t day of exposure in fishes of both experimental
groups. The fishes exposed to higher sub-lethal concentration of
the pyrethroid showed an elevation of 154.81% in the GGT
activity, whereas the fishes exposed to the lower sub-lethal
concentration showed an elevation of 153.63%. The increase in
the GGT activity was followed by a decline as witnessed on the
45% day of exposure of the fishes to the pyrethroid. However,
though a decline was witnessed in the enzyme activity towards
the end of the exposure period, the GGT activity was found to
be significantly elevated (P < 0.05) beyond the control levels
even on the 45t day of exposure.

The CYP450 protein content assayed in the hepatic tissue of the
fishes after exposure to the two different sub-lethal
concentrations of the pyrethroid showed a significant
enhancement up to the 30" day of exposure to the pyrethroid.
This was followed by a significant decline (P < 0.05) in the (P <
0.05) CYP450 content and an overall decline of 83.18% and
23.53% was witnessed in the CYP450 content after 45 days of
exposure to the pyrethroid. A comparison of the CYP450 content
of the hepatic tissue at different durations of exposure to the
pyrethroid showed significant variation (P < 0.05) in both
experimental groups.

DISCUSSION

Liver is a large and metabolically most complex organ in the
body. It is involved in the metabolism of nutrients as well as
many drugs and toxicants. Liver injury is dependent not only on
the particular agent but also its mechanism of action and length
of exposure (Jacobson Kram and Keller, 2001). Stress is generally
known to elevate the aminotransferase activity (Natarajan,

— e

1037



1985). The increase in the activity of ALT and AST enzymes
during toxicant stress indicates the severity of hepatic damage
(Ginsberg, 1970).

The present study reported a significant increase in the hepatic
ALT and AST levels on exposure to both the sub-lethal
concentrations of lambda cyhalothrin probably due to increase
the metabolic rate of the animal under conditions of toxicant
induced stress. The present findings gain the support of the
previous findings of Singh and Gupta (2005) in Heteropneustes
fossilis exposed to lithium, Shobha Rani et al. (2001) in fresh
water teleost, Tilapia mossambica exposed to arsenite and in
Channa punctatus during biochemical stress of Nerium indicum
leaf extract by Tiwari and Singh (2004).

The rise in enhanced protein catabolism and probable
hepatocellular damage in the activities of transaminases due to
pesticide intoxication suggests organism (Sharma, 1999).
However, contrary to the present findings, Humtsoe et al. (2007)
reported a significant decline in the GOT, GPT levels of juvenile
Labeo rohita exposed to arsenic.

ACP acts as a good indicator of environmental stress condition in
the biological system (Gill and Jaishree Hema, 1990). Alkaline
phosphatase on the other hand splits various phosphorous esters
at alkaline pH, mediates membrane transport and is involved in
glycogen metabolism. ALP is involved in the permeability
processes and forms a part of the enzyme system Involved in the
active synthesis of protein from nucleic acid complex (Jana et
al., 1985).

In the present study a significant decline was witnessed in the
ALP and ACP levels of the liver tissue. The inflammatory and
necrotic changes in tissues due to the toxic exposure might have
resulted in the cellular and lysosomal membrane rupture leading
to decreased levels of ALP and ACP in the hepatic tissue (Bhavan
and Geraldine, 2004).

The decreased activity of ACP and ALP indicate disturbance in
structural integrity of cellular organelles like endoplasmic
reticulum and membrane transport system (Humtsoe et al.,
2007), Such damage to cell organelles has been reported in
various earlier studies (Roy, 2002). The variations in the hepatic
levels of phosphatases in the present study could also be
attributed to similar disturbance in the structural and functional
integrity of the cellular organelles of the hepatic tissue of
Clarias batrachus exposed to sub-lethal concentrations of
lambda cyhalothrin

The results of the present study are in correlation with the
previous findings of Macrobrachium malcolmsonii exposed to
endosulfan (Bhavan and Geraldine, 2004) Cyprinus carpio
fingerlings exposed to lead (Pugazhendy et al., 2007). Significant
attenuation in the level of phosphatases was also reported in
Labeo rohita after 7 days of cypermethrin exposure (Philip and
Anuradha, 1996).

In the present study, exposure of Clarias batrachus to the sub-
lethal concentration of the pyrethroid led to a significant
increase in the phosphorylase activity in the hepatic tissue which
serves as a main portal for glycogenolysis.

There is ample evidence that cortisol increases all key
gluconeogenic enzymes including PEPCK in fish liver (Mommsen
et al., 1999). Thus the increased levels of cortisol in the serum
could have also brought about the increase in the liver PEPCK
activity in the present study. Levesque et al. (2002) reported a
significant elevation in the PEPCK activity of the liver tissue in
yellow perch, Perca flavescens chronically subjected to heavy
metal pollution. In the present study, the initial increase in the
activity of PEPCK was followed by a significant decline in the
enzyme activity with the increase in the duration of exposure to
the toxicant which may probably be due to direct impact of the
toxic compound on the enzyme with the increase in the duration
of exposure, Inhibiting its action (Viluksela et al., 1999).
Goswami et al. (2004) reported a significant decline in the
PEPCK activity of the liver of Clarias batrachus subjected to
osmotic stress.

In the present study, an increased activity of pyruvate
carboxylase was reported in the hepatic tissue from the 15th day
of exposure which is in line the exposure period; a decline was
witnessed in the enzyme activity. Rathman et al. (2003) showed

that dietary carbamazepine administration decreased liver
pyruvate carboxylase activity in rats.

In the present study, a significant elevation was reported in the
activity levels of gamma glutamyl transpeptidase (GGT) in the
hepatic tissue of the experimental fishes exposed to both the
sub-lethal concentrations of lambda cyhalothrin during the initial
periods of exposure which was followed by a significant decline.
Favari et al. (2002) reported an increase in the GGT activity in
the fish of Ignacio Ramirez reservoir (Mexico) in response to the
environmental stress caused by the elevated biomagnification of
organochloride and organophosphate pesticides. The increased
utilization of amino acids as a source of energy to sustain the
metabolic pathway under conditions of stress could have led to
the enhanced levels of GGT in the hepatic tissue of fishes
exposed to sub-lethal concentration of the pyrethroid in the
present study.

In the present study, the hepatic microsomal Content of CYP450
protein has been determined spectrally and a significant
enhancement in the protein expression was witnessed in fishes
of the experimental groups exposed to the sub-lethal
concentrations of lambda water. The spectrally determined
microsomal content of CYP450 reveals cyhalothrin when
compared to the control group of fishes reared in fresh neither
the different isoenzyme composition nor any feature pertaining
to a specific isoenzyme. Also the spectrally determined CYP450
content does not indicate the catalytic activity of the enzyme
protein. In correlation with the results of the present study,
Matsuo et al. (2006) also reported that exposure to crude oil
induces CYP1A in fish, Colossoma macropomum. George et al.,
(1995) also showed induction of CYP1A in hepatic tissue of Polar
cod, Boreogadus saida subjected to dietary crude oil exposure at
very low temperatures. Hahn and Stegeman (1994) reported
elevated levels of CYP450 1A1 mRNA, protein and catalytic
activity (EROD) in fish following various doses of 2.3.7.8-tetra
chlorodibenzofuran. Thus the induction of CYP450 in the hepatic
tissue of fishes exposed to sub-lethal concentrations of lambda
cyhalothrin in the present study reveals the increased activity of
the hepatic cells in the detoxification processes.

REFERENCES

Bergmeyer HU. In: Methods of enzymatic analysis. Academic
Press, New York and London, pp 837, Bergmeyer HU
edition.1963.

Besselink HT, Van Beusekom S, Roex E, Vethaak AD, Koeman JH,
Brouwer A. Low hepatic 7-ethoxyresorufin-O-deethylase (EROD)
activity and minor alterations in retinoid and thyroid hormone
levels in flounder (Platichthys flesus) exposed to the
polychlorinated biphenyl (PCB) mixture, Clophen A50.
Environmental Pollution. 1996 Jan 1;92(3):267-74.

Bhavan PS, Geraldine P. Profiles of acid and alkaline
phosphatases in the prawn Macrobrachium malcolmsonii exposed
to endosulfan. Journal of Environmental Biology. 2004 Apr
1;25(2):213-9.

Braunbeck T, Storch V, Bresch H. Species-specific reaction of
liver ultrastructure in zebrafish (Brachydanio rerio) and trout
(Salmo gairdneri) after prolonged exposure to 4-chloroaniline.
Archives of Environmental Contamination and Toxicology. 1990
May;19(3):405-18.

Casillas E, Myers M, Ames WE. Relationship of serum chemistry
values to liver and kidney histopathology in English sole
(Parophrys  vetulus) after acute exposure to carbon
tetrachloride. Aquatic Toxicology. 1983 Jan 1;3(1):61-78.

Favari L, Lopez E, Martinez-Tabche L, Diaz-Pardo E. Effect of
insecticides on plankton and fish of Ignacio Ramirez reservoir
(Mexico): a biochemical and biomagnification study. Ecotoxicol
Environ Saf. 2002 Mar;51(3):177-86. doi:
10.1006/eesa.2002.2142. PMID: 11971638.

Ferguson HW. Systemic Ferguson HW. Systemic pathology of fish:
a text and atlas of comparative tissue responses in diseases of
teleosts. Ames, IA: lowa State University Press; 1989.
Figueiredo-Fernandes A, Fontainhas-Fernandes A, Rocha E, Reis-
Henriques MA. The effect of paraquat on hepatic EROD activity,
liver, and gonadal histology in males and females of Nile Tilapia,
Oreochromis niloticus, exposed at different temperatures.

— e

1038



Archives of Environmental Contamination and Toxicology. 2006
Nov;51(4):626-32.

Fiske CH, Subbarow Y. The colorimetric determination of
phosphorus. J. biol. Chem. 1925 Dec 1;66(2):375-400.

Foster GD, Moon TW. Cortisol and liver metabolism of immature
American eels, Anguilla rostrata (LeSueur). Fish Physiology and
Biochemistry. 1986 May;1(2):113-24.

George SG, Christiansen JS, Killie B, Wright J. Dietary crude oil
exposure during sexual maturation induces hepatic mixed
function oxygenase (CYP1A) activity at very low environmental
temperatures in Polar cod Boreogadus saida. Marine Ecology
Progress Series. 1995 Jun 15:307-12.

Gill TS, Pande J, Tewari H. Enzyme modulation by sublethal
concentrations of aldicarb, phosphamidon, and endosulfan in fish
tissues. Pesticide Biochemistry and Physiology. 1990 Nov
1;38(3):231-44.

Ginsberg AL. Very high levels of SGOT and LDH in patients with
extrahepatic biliary tract obstruction. The American journal of
digestive diseases. 1970 Sep;15(9):803-7.

Goswami C, Datta S, Biswas K, Saha N. Cell volume changes
affect gluconeogenesis in the perfused liver of the catfish Clarias
batrachus. Journal of Biosciences. 2004 Sep;29(3):337-47.

Hahn ME, Stegeman JJ. Regulation of cytochrome P4501A1 in
teleosts: sustained induction of CYP1A1 mRNA, protein, and
catalytic activity by 2, 3, 7, 8-tetrachlorodibenzofuran in the
marine fish Stenotomus chrysops. Toxicology and Applied
Pharmacology. 1994 Aug 1;127(2):187-98.

Humtsoe N, Davoodi R, Kulkarni BG, Chavan B. Effect of arsenic
on the enzymes of the Rohu carp, Labeo rohita (Hamilton 1822).
Raffles Bull Zool. 2007 Jan 31;14:17-9.

Jacobson-Kram D, Keller KA. Toxicology testing handbook:
principles, applications, and data interpretation. 1st ed. 2001.
Jana S. Shahana S.S. Choudhuri M.A. and Choudhuri D.K. (1985).
Effect of mercury on inorganic phosphorus and activities of acid
and alkaline pyrophosphatases in fresh water fish Clarius
batrachus. Environ. and Ecol. 3.2.

Levesque HM, Moon TW, Campbell PG, Hontela A. Seasonal
variation in carbohydrate and lipid metabolism of yellow perch
(Perca flavescens) chronically exposed to metals in the field.
Aquatic Toxicology. 2002 Oct 30;60(3-4):257-67.

Matsuo AY, Woodin BR, Reddy CM, Val AL, Stegeman JJ. Humic
substances and crude oil induce cytochrome P450 1A expression
in the Amazonian fish species Colossoma macropomum
(Tambaqui). Environmental science & technology. 2006 Apr
15;40(8):2851-8.

Mommsen TP, Walsh PJ, Moon TW. Gluconeogenesis in
hepatocytes and kidney of Atlantic salmon. Molecular physiology.
1985;8(1):89-99.

Mukhopadhyay MK, Ghosh BB, Joshi HC, Bagchi MM, Karmakar
HC. Biomonitoring of pollution in the Hooghly Estuary by using
Rita rita as test fish. Journal of Environmental Biology.
1987;8(4):297-306.

Murty AS. Toxicity of pesticides to fish: Volume I. CRC press;
2018 Jan 18.

Natarajan GM. Induction of branchial enzymes in snake head
(Channa striatus) by oxydemeton-methyl. Pesticide biochemistry
and physiology. 1985 Feb 1;23(1):41-6.

TABLES

Omura T, Sato R. The carbon monoxide-binding pigment of liver
microsomes. |. Evidence for its hemoprotein nature. J biol Chem.
1964 Jul 1;239(7):2370-8.

Philip GH, Anuradha J. Role of phosphatases during transport and
energy metabolism in Labeo rohita after exposure to
cypermethrin. Biomedical and Environmental Sciences: BES. 1996
Mar 1;9(1):52-9.

Pugazhendy K, Jayanthi C, Kanaga K. Effect of lead intoxication
on plasma electrolytes of a fresh water fish Cyprinus carpio
(Linn) fingerlings. Biochem Cell Arch. 2006;6(1):165-8.

Rani, A. S., R. Sudharsan, T. N. Reddy, P. U. M. Reddy, and T. N.
Raju. "Effect of arsenite on certain aspects of protein
metabolism in fresh water teleost, Tilapia mossambica
(Peters)[Oreochromis mossambicus].” (2001): 101-104.

Rathman SC, Blanchard RK, Badinga L, Gregory Il JF,
Eisenschenk S, McMahon RJ. Dietary carbamazepine
administration decreases liver pyruvate carboxylase activity and
biotinylation by decreasing protein and mRNA expression in rats.
The Journal of nutrition. 2003 Jul 1;133(7):2119-24.

Reddy PM, Bashamohideen M. Alterations in protein metabolism
in selected tissues of fish, Cyprinus carpio, during sublethal
concentration of cypermethrin. Environmental Monitoring and
assessment. 1995 Jun;36(2):183-90.

Reitman S, Frankel S. A colorimetric method for the
determination of serum glutamic oxalacetic and glutamic pyruvic
transaminases. Am J Clin Pathol. 1957 Jul;28(1):56-63. doi:
10.1093/ajcp/28.1.56. PMID: 13458125.

Roy SS. Some toxicological aspects of chlorpyrifos to the
intertidal fish Boleopthalmus dussumieri. Turkish Journal of
veterinary Animal Sci. 2002;26:471-7.

Sharma B. Effect of carbaryl on some biochemical constituents of
the blood and liver of Clarias batrachus, a fresh-water teleost.
The Journal of toxicological sciences. 1999 Aug 17;24(3):157-64.
Singh A and Gupta SP 2005. Effects of lithium on some
biochemical parameters of a freshwater fish, heteropneustes
fossilis (Bloch). Biochemical. Cell. Arch., 5(2): 281-285.
Srivastava AK, Nair JS, Bendigeri D, Vijaykumar A, Ramaswamy
NK, D’Souza SF. Purification and characterization of a salinity
induced alkaline protease from isolated spinach chloroplasts.
Acta physiologiae plantarum. 2009 Jan;31(1):187-97.

Szasz G. y-Glutamyltranspeptidase. InMethods of enzymatic
analysis 1974 Jan 1 (pp. 715-720). Academic Press.

Teh SJ, Adams SM, Hinton DE. Histopathologic biomarkers in
feral freshwater fish populations exposed to different types of
contaminant stress. Aquatic toxicology. 1997 Jan 1;37(1):51-70.
Tiwari S, Singh A. Piscicidal activity of alcoholic extract of
nerium indicum leaf and their biochemical stress response on
fish metabolism. African Journal of Traditional, Complementary
and Alternative Medicines. 2004;1(1):15-29.

Viluksela M, Unkila M, Pohjanvirta R, Tuomisto JT, Stahl BU,
Rozman KK, Tuomisto J. Effects of 2, 3, 7, 8-tetrachlorodibenzo-
p-dioxin (TCDD) on liver phosphoenolpyruvate carboxykinase
(PEPCK) activity, glucose homeostasis and plasma amino acid
concentrations in the most TCDD-susceptible and the most TCDD-
resistant rat strains. Archives of toxicology. 1999 Aug;73(6):323-
336.

Wootton IDP. Micro-analysis in medical biochemistry. 4th ed.
London: J. & A. Churchill; 1964.

Table 1a: Effect of lambda cyhalothrin at higher sub-lethal concentration (5.768 ppm) on activity of marker enzymes, gluconeogenic
enzymes and cytochrome P450 protein content in liver tissue of Clarias batrachus

Experimental Days
Enzyme |F Value Control
Value
15 30 45 Recovery
- 3.892%+ 4.515° &+ 0.090 [5.600° 0.093 [6.262¢ +  0.111 b
ALT 375.21 0.000 0 103 (+16.00) (+43.88) (+60.89) 4.332°+ 0.192
" 1.625%+ 1.715% 0.089 [2.003°+ 0.119  [2.942% 0.123 b
IAST 118.71 0.000 0.088 (+5.53) (+23.26) (+81.04) 1.935°+ 0.158
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IACP 279.62  0.000" 8:%?;* g;_;g:* 0.009 (- 2:,33?;* 0.010 (- gfggi 0.008 (9,142 0.013
ALP 1117.15  {0.000" 8:3?851 gbz'ggcf 0.007 (- g;?ﬁ:ﬁ o.011 (- (7"31;;* 0.013 (19 346% 0.017
PHOS 116.93  [0.000" é:%gai %;3'138? o1 ?;fgf’éﬁ) 0133 ?;32?;% 0136 13 050°: 0.102
PEPCK.  [303.16  {0.000" gz?ggai f’;iéf’gf) 0.276 f‘;Sé’?ﬁé, 0.232 (7;28'2;3) 0.169 I 028v+ 0.193
e beo 2 P oW g om pom om e

GGT 96.62  0.000" é:?ggai (2+gg5;5*) 0.142 (ngidg . 0.0% (2;237;2, 0.189 1y 78204 0.112
CYP4so  905.87  [0.000"  prl% ?J‘fgf) 0.085 (7;;‘38?? 6 0.143 ?+§(3JO$ 5 01114 5134 0.191

Table 1b: Effect of lambda cyhalothrin at lower sub-lethal concentration (2.884 ppm) on activity of marker enzymes, gluconeogenic

enzymes and cytochrome P450 protein content of Clarias batrachus

P

Experimental Days

Enzyme Value Value Control
15 30 45 Recovery
. X 4,825 0.154 [5.723% 0.138 ,
ALT 126.08  0.000° 3.88240.146 4247+ 0.162 (+9.40) [13200 ) l4.250°+ 0.182
. 1.8880% 0.193  [R.410°% 0.177  [.5925 0.162 .
AST w089 0.000" |55 0.473 |3 (+54.98) (+66.68) 1.880° 0.163
. ; 0.195¢ 0.014 0.137°+ 0.012 0.105% 0.014 .
ACP 12023 0.000° 269 0.015 [ i 00 0.56) 0.194+ 0.016
. 0.354% 0.012 0.242°+ 0.017 0.197% 0.012
ALP S64.62 0.000°  0.570%0.014 [V e Ceo ) 0.328¢ 0.019
. . 2.802% 0.102 3.028+ 0.061 [B.113%% 0.089 [R.910%:
PHOS (1491  [0.000"  p.828%:0.069 0% e 0.9 oo
. 6.128¢% 0.352  [7.480%% 0.262 |6.230° 0.196 ,
PEPCK. 75184 0.000°  f4.578% 0309 [0 1% eans) e 06) 5.3825+ 0.371
. [30.192% 33.825 0.411 [39.058% 0.462 [34.487%% 0.249 [32.263%
pC 451.020.000° 5 38 (+12.03) (+29.37) (+14.24) 0.412
. 1.8830+ 0.149 [2.757<% 0.714  [1.843% 0.180  [1.360%+
GGT 2001 0.000°  f1.087%:0.104 [1100% 13 (165,55 o3
. . X 6.233% 0.137  4.707¢ 0.116  [.765%:
CYP4S0  92.65  0.000° 66240175 [3.938%0.185 (+7.53)  [0V0 78,5 ore
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