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ABSTRACT

Toxicants affect organically active molecules, i.e.
carbon, protein and lipid substances. Carbon, protein and
lipid metabolism of fish are disrupted by oxidative stress
and are known to cause increases or decreases in
biochemical tissue components.
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INTRODUCTION :

The air respiratory structures in freshwater fisheries were reported to have evolved as an adaptation
to hypoxic water conditions due to extreme periodician dryness during the late Silurian or early Devonian
periods (Smith, 1931; Johansen, 1970).Recent air respiratory fish studies have shown that various types of
morphological and physiological adaptations have allowed fish to use. These fish are engineered in a manner
that maximises their morphological and physiologic adaptations to their environment.

A typical measure of nutritional value and physiological status of fish and their environment is the
chemical makeup of protéins and lipids[1-2]. It is well known the value of fish as a high-quality source of
nutritious, easily digestible protein , vitamins and polysaturated fatty acids[3]. Fish are essential sources of
high-quality protein and other organic products. It is the most essential source of animal protein and has
been generally recognised for the maintenance of a healthy body as a good source of protein and other
elements.

Fish is a high protein food eaten as a result of its high palatability, its low cholesterol level and its
tender meat by a significant proportion of population. It is the cheapest supply of animal protein and other
important foodstuffs, particularly in the low and middle income groups, necessary for human diets. In most
species, the existence and quality of the nutrients primarily depend on their type of food. Furthermore, the
dietary composition of the flesh of a specific animal influences considerably the feeding habits.
Approximately 85-90% fish protein is digestible and the fish flesh contains all essential dietary amino acids.
In order to ensure food regulatory standards, measurements of some close composition, including protein
and fats content, are often required.Fish are also a major source of mineral ingredients required for human
diets[5]. Species found in South Asian rivers, swimming pool, ditches, rice fields are carnivores.
BatrachusClarias, Punctatus Channa and Testudineus Anabas. It is locally known as 'Magur,' 'Gadisha,' and
'Kau,' respectively. These are also used in traditional medicine [6]. Development, growth, biochemical and
physiological condition are key factors in the determination of species, durability, survival and availability.
Changing early biological processes, molecular and cellular, which involves lipid peroxidation, antioxidant
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status, a mixed function oxidase mechanism and a general physiological indicator like growth[7-8], generally
precede a higher level impact of toxins, such as contaminants, ecosystems, and the ecological system and
lead to variation in proximate tissue composition.

MATERIALS AND METHODS

Separation of required organs: Fresh sample of fish for chemical analyses was gutted, washed,
filtered, thinly hacked and homogenised. Three safe organisms of varying size and weight groups have been
chosen for the study over the course of each month during the experiment. Triplicate analysis was carried
out on all samples. The changes in the feeding behaviour, and in the environment, which can affect the
general biochemical composition of the three different fish, may be the cause of a difference in the close
fraction.

For five minutes, they were handled for sleeping disinfection with 5 percent KmnO4. The current
research was performed between November 2014 and October 2015. The fish weighing 35 to 90 gms have
been chosen to maintain a steady temperature of 27 + 1 ° C in the laboratory conditions under
ClariaBatrachus, 35-150 gm for CHanna Punctatus and 50-95 gms for Anabas Testudineus.

BIOCHEMICAL STUDIES

Controlling and experimental fish groups have analysed biochemical studies such as total
carbohydrates, total proteins and total lipids. Anabas tissues of the control and experimental groups were
chosen, e.g., gill, muscle, liver, intestine and kidney, for the present analysis.

The Lowry et al. method of estimating protein [9]. Protein was used. Freshly weighted (100 mg)
organ tissue with 5% trichloroacetic acid in homogenizer have been homogenised. The homogeneous
substances were centrifuged for 10 minutes at 3000rpm and the residue dissolving at 0.1N NaOH. Using
0.1NN NaOH, up to 1ml was exactly 0.2ml from this solution. This has been followed by a detailed mixing of
3.5ml of Folin's reagent. The optical density in a Spectronic 20 spectrometer was estimated at 670 nm after
30 minutes of rest.

STATISTICAL ANALYSIS:
The collected data was statistically tested using medium * S.D (standard default) for the
experimental parameters. One method of analysing ANOVA was used to gain a major media gap (SPSS17).

RESULTS

Total carbohydrate, protein and lipid values are provided in Table 1 and Figure 2 of the control and
experimental tissue of anabas testudineus. In experimental Anabas testudineus, the order of carbohydrate-
changing percentages was found in the tissues of the liver > kidney > muscle > intestine > gill. The overall
protein content of the tissues of the control fish was in the muscle > gill > liver > intestine > kidney. The
variance in distribution indicates that under the influence of aquatic toxins the difference in metabolic size
of different tissues has decreased steadily, and the overall tissue quality of the experimental fish has
decreased. The muscle and gill showed a maximum decrease, and the kidney and intestine modest decrease.
The decline of total protein content was percentage in the muscle > gill > kidney > liver > intestine in the
pollutant-affected Anabas testudineus. A reduction in tissue lipid content was observed in the order of the
gut > liver > kids > musculoskeletal > gill whereas the shift in lipid content in the order of gill > liver, > kidney
> intestine, > musculoskeletal.
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Table 1: The effect of water poisoning in various tissues of Anabas Testudineus on biochemical parameters

Total Carbohydrate Content
Tissue Control fish Experimental fish
Gill 22.90 £0.30 17.29 £0.29 (24.50%)*
Muscle 30.83 +0.52 21.43 £0.27 (30.48%)*%
Liver 39.81 +0.54 2435 +0.42 (38.28%)*
Intestine 28.56 +£0.02 20045 +£0.04 (28.39%)%
Kidney 16.98 £0.34 11.27 £0.39 (33.63%)*
Total Protein Content
Gill 28.67 +0.82 21.20 £0.36 (26.10%)
Muscle 29.90 £0.31 19.25 £0.31 (35.62%)*
Liver 28.23 £0.46 22.76 £0.26 (19.40%)*
Intestine 24.47 £0.05 20.32 £0.01 (16.95%)
Kidney 19.37 +0.44 14.65 +0.34 (24.37%)*
Total Lipid Content
Gill 10.88 +0.21 9.09 +0.34 (16.45%)*
Muscle 11.91 +).18 10.64 +0.37 (10.66%)
Liver 17.59 £0.45 14.81 £0.22 (15.80%)*
Intestine 25.15 £0.06 22.05 £0.35 (13.71%)
Kidney 15.05 £0.28 12.84 £0.27 (14.68%)*

Values expressed as mg / g of wet tissue weights; every mean * standard error value

individuals; parenthesis values denote per cent change;

Fig 1: Effect of aquatic toxicants on Anabas testudineus' biochemical parameters.
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Carbohydrates are the leading sources of strength for any organism[10] and are present on large
quantities of the skin , muscle and kidney and heart. carbohydrates are a major source of energy. The
decrease in the amount of carbohydrates in the brain and muscles can be caused by glucose use to fulfil
excess energy demand placed by significant mercury-toxic anaerobic stress. There was a drop in
Clariasbatrachus' hepatic, muscle and kidney tissue glucose content when sodium arsenite exposed [11]. The
effect on liver, muscle, and gill tissues of Mystusvitatus, when exposed to Sumidon, has also been stated to
be changing by Neethirajan and Madhavan[12]. Agarwal[13] noted that Channa punctatus blood glucose was
decreasing in mercuric chloride.Srivastav et al. [14] examined the effect of Heteropneustesfossilis on aldrine
and carbamate and found a pronounced decrease in blood glucose levels, along with hyperchloremia. The
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hypoglycemic condition can be caused by increased muscle activity in fish, which needs more oxygen to fulfil
energy requirements and thus a more readily used amount of glucose. The fish possibly try to do that by
increasing the breathing rate, by obtaining more oxygen from contaminated water, which may be why a low
level of blood glucose in infected fish is found.

In the liver , muscle and gills of Labeorohita in the chromum stressed state, Vutukuru[14] reported a
substantial decrease in various biochemical components of (glycogen, total lipid, and total protein)
compared to control peaches. Labeorohita may have a decrease in the glycogen content due to its enhanced
use as an immediate source for metal stress energy demands. The prevalence of hypoxic or anoxic
conditions may also be attributed to, which usually increases the use of glycogen[16]. The decrease in the
amount of glycogen shows that the respective tissue uses lipids as a result of pollutant stress during the
research. The findings were identical to those of ChannaPuntatus[17], chromium-exposed
Sarotherodonmossambicus[18] and nickel-exposed Puntius conchonius[19].Bengeriet al.[21] were present in
the parahydrological observation of Anabas Testudineus at the Channa punctatus exposed to blanched kraft
pulp mill effluents, Murty and Devi[20] and LabeoRohita. Typically, metal poisoning leads to the depletion of
glycogen because metabolism of carbohydrates is generalised. Hypoxia of the tissue and changes in the
mechanism of buffering often lead to depletion of glycogen in the tissues[22]. The glycogen depletion
mechanism may be the product of glycogenolysis and glycogenesis inhibition due to stress-inducing
catecholamine release[23]. The glucose level of the Anabas testudineus from Buckingham canal in this study
was significantly reduced in pollution.The usage, by extremely active fish tissues, of glucose by the beta cells
of the islet of Langerhans, as well as the inhibiting D cells of the pancreatic islet of Langerhans, was similarly
due to the substantial decrease in blood glucose at 8 ppm in Clarijabatrachus[24]. In this research, the
amount of total carbohydrates in aquatic toxicants decreased significantly and the findings were found in
line mit previous studies.

Proteins require large physiological events and, as a diagnostic method to assess the physiological
stages of organism, the measurement of protein content may be regarded. The protein content of fish
Catlacatla as a consequence of mercuric chloride toxicity was depreciated in muscles, intestines, and
brains[26]. Sub lethal concentration of Cypermethrin, freshwater fish, Cyprinus carpio have demonstrated
substantial alterations in protein fractions of liver , brain and muscle [27]. Similar findings have been found
in copper, lead nitrate and mercuric chloride exposed Anabas testudineus and Anabas scandens[28].De Smet
and Blust[29] reported that proteolysis aims to increase protein function during cadmium stress in energy
production. A decrease in the sensitivity of tannery effluents to the overall liver protein of Channa punctatus
was observed [30]. Many references to a decrease in blood protein in Oreochromis mossambicus[31] and
heavy metals for Pernaviridis[32] are available in the administration in sublethal agrofan.

The most basic and abundant biochemical components in fish are proteins. During chronic stress
cycles, proteins are the greatest energy source to spare. Animals which are exposed to toxicants at sublethal
levels, including in the detoxification of the toxicant, undergo high stress at metabolic level. Namrata et al.
[33] observed protein depletion under kelthane contact, organo chlorine insecticide and Channa punctatus
starvation. Protein degradation was observed under the stress of various metals in traces in different tissues
and organs of experimenting animals. After fish were exposed to heavy metals[34], a substantial decrease in
the amount of Channa punctatus protein was noted. Jha and Jha have been shown to deplete protein in
Anabas testudineus 's liver and gonads under the stress of nickel chloride.The present observation on total
protein and free amino acid concentrations is consistent with Jha. In this analysis, the decrease in the total
protein contents was further comparable to Gupta and Sastry's findings on Heteropneustesfossilis, Ramos
and Herrera's exposure of mercuric chloride to pesticide-exposed fish. During this study the decreased
amount of protein was indicative of increased proteolysis leading to a change in the metabolism of nitrogen.
Another potential explanation for protein depletion is to inhibit ribosomal activity which leads to protein
degradation. [34, 36, 37, 38]. [22].

Lipids are a major cellular structure variable. Lipids are also important to preserve normal cell
permeability and cell membranes structural integrity. The reduction in lipid content in Labeorohita's liver

Journal for all Subjects : www.lbp.world



BIOCHEMICAL CONSTITUTES OF A FRESHWATER AIR BREATHING FISH ANABUS........... VOLUME - 8 | ISSUE - 4 | JANUARY - 2019

and muscle tissues was found to be caused by synthetic pyrethroid and cypermethrin. In the Gambusia
affinis muscle, liver and brain exposed to a pesticide, phosphamidon, Govindan et al.[41] recorded a
substantial declin in overall lipid levels. The effect of the metal present in the Buckingham canal effluent on
lipid as a tissue of the species has been recorded by a decrease in the total content of lipid in a gill, muscle,
liver, intestine, and kidney tissue studied. The results for Channa punctatus poisoned with mercuric chloride
and Jha[35] on Channa punctatus under plastic exposure in Ram and Sathyanesan[41] are supportive of this
research.Lipid loss can result from lipid synthesis inhibition and lipid mobilisation [30, 42]. The decline in
lipids and proteins may be due in part to the production of lipoproteins that are major cell constituents of
cell membranes and cell organelles present in cytoplasms, and to their cell repair and tissue
organization[43]. Declining lipid levels in pollution-affected Buckingham canal Anabas Testudineus can also
be due to its use in cell repair and cell organelles. The depletion of Channa punctatus and Oreochromis
mossambicus tissue proteins from Arakkonam Lake is possible as a result of impaired or zero protein
syntheses and the use of them in macroprotein formation, which is removed by the fish as mucus to direct
or indirect use of protein and lipids for the purpose of energy requirements was also reported [44, 45].

The growth and energy metabolism are typically driven by carbohydrates , proteins and lipids, which
are the main components of the body. In Labeorohita, the effect of heavy metal plum was observed in the
reduction of carbohydrates, proteins and lipids. A serious reduction in the content of carbohydrate , protein
and lipid in fish population was recorded in the effluent of teal, tannery and distillery. It was observed that in
various experimental groups and different days of exposure, total sugar and protein in muscle, liver, brain
and kidney were seen a mixed pattern in CatlaCatla. The findings of this study indicate that different
biochemical components of fish under pollution stress are significantly deteriorating. Fish are susceptible to
water contaminations and pollutants which, when they reach the organs of those animals, can significantly
harm certain physiological and biochemical processes.Several cases of changes in the pH , temperature,
hardness and dissolved oxygen content of the water have been recorded where the toxic effects of
contaminants may have been changed. The negative implications of the contaminants in particular hinder
the development and adverse impact on the metabolism of the survivor. The glycogen, total protein and
total lipid profiles were substantially reduced in tissue by the pollution-impacted fish in the biochemical
profiles. In the current research, metabolic levels were found to be organ-specific, suggesting differential
tissue sensitivity to the toxicants. In addition , changes under metallic stress in an organism have been
difficult to understand because such changes vary not only from metal, from species to species, but from
experimental period to experimental period.Nair et al. have found significant changes in these factor when
fish were exposed to titanium dioxide effluent during their study of the biochemistry and haematology of
Anabas testudineus Glycogen, according to them, is the first metabolite that is influenced by any stress, as
the chief energy source for fish. It was also noted that increased liver glycogen indicates simultaneous
stimulation of glycogen synthesis with increased liver glucose glycogenolysis. A standard stress reaction was
indicated with a dose dependent hyperglycemic state.This may be caused by general stress or by hypoxic
conditions caused by purely mechanical and/or heavy metal activity on the working of the gill. Generally
speaking, more energy is required to cope with stress. This energy can be derived as carbohydrates ,
proteins and/or lipids from organic substances. Thus fish attempt to detoxify the toxicant during toxicity
exposure by eating more energy and therefore reducing glycogen, protein and lipid content[46-50].

A significant dysfunction has been observed in Anabas testudineus' liver and muscle tissue exposed
to water contaminants. There was also major glycogen, protein and lipid depletion. The loss of metabolites
revealed that under the toxic stress all of a fish's metabolic pool is disrupted. In addition , changes to the
biochemical profile suggest their quick use in order for cellular biochemical processes to provide excess
energy to cope with stress. The findings of this study also indicate that aquatic pollution is among the key
causes of decline in the population of Anabas testudineus and most likely of the others residents of
freshwater fish.
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CONCLUSION

This research will aid in assessing these three fish's health status. Protein and lipid estimates would

definitely identify early clinical symptoms in relation to their environments.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Moghaddam H.N., Mesgaran M.D., Najafabadi H.J. and Najafabadi R.J. (2007). Determination of chemical
composition, mineral content and protein quality of Iranian Kilka fish meal. Int. J. Poult. Sci., 6, 354-361.
Aberoumad A. and Pourshafi K.(2010). Chemical and proximate composition properties in different fish
species obtained from Iran. World J. Fish mar. Sci., 2, 237-239.

Shamsan E.F. and Ansari Z.A. (2010). Biochemical composition and caloric content in sand whiting
Sillagosihama(Forsskal) from Zuari Estuary, Goa. Indian J. Fish., 57:61-64.

Andrew A.E (2001). Fish processing Technology. University of Horin press. Nigeria, 7-8.

Eyo J.E., Ozougwu J.C. and Echi P.C. (2011). Hypoglycaemic effects of Allium cepa, Allium sativam and
Zingaber officiate aqueous extracts on alloxaninduced diabetic Rattus novergicus. Medical Journal of
Islamic World Academy of Sciences, 19(3), 123-129.

Hossain M.K., Latifa G.A. and Rahman M.M. (2008). Observation on induced breeding of snakehead
murrel, Channa striatus (Bloch, 1973). Int. J. Sustain. Crop. Prod. 3, 65-68.

Vijayavel K., Gomathi R.D., Durgabhavani K. and Balasubramanian M.P. (2004). Sublethal effect of
naphthalene on lipid peroxidation and antioxidant status in the edible marine crab Scylla serrata. Mar.
Prashanth M.S., David M. and Mathed S.G. (2005). Behavioral changes in freshwater fish C.mrigala
(Hamilton) exposed to cypermethrin. J. Environ. Biol., 26, 141-144.Poll. Bull., 48(5-6), 429-433.

Lowry O.H., Rosebrough N.J., Farr A.L. and Randall R.J. (1951). Protein estimation with Folin Phenol
reagent. J. Biol. Chem., 193, 265-275.

Saravanan TS, Mohammed AM, Harikrishnan R. Studies on the chronic effects of endosulfan on blood
and liver of Oreochromis mossambicus. Journal of Ecological Research and Bio conservation. 2000;
19(2):24-27.

Nimaichandra S, Trilochan M, Kumar NS. A Study on arsenic effects on blood and glucose concentration
in a fish model. Indian Journal of Environment and Ecoplaning. 2005; 10(2):499-503.

Neethirajan K, Madhavan S. Sumidon induced changes on some aspects of metabolism in the chosen
tissues of fresh water cat fish, Mustus vittatus. Journal of Experimental Zoology, India. 2004; 7(2):279-
283.

Agarwal SK. Sub lethal effect of mercury chloride on some biochemical parameters of the blood in an air
breathing fish Channa punctatus (Block.). Journal of Environmental Biology. 1992; 13(2):127-133.
Vutukuru SS. Acute effects of Hexavalent chromium on survival, oxygen consumption, hematological
parameters and some biochemical profiles of the Indian major carp, Labeo rohita. International Journal
of Environmental Research and Public Health. 2005; 2(3):456-462.

De Zwaan A, Zandee DI. Body distribution and seasonal changes in glycogen content of the common sea
mussel Mytilus edulis. Comparative Biochemistry and Physiology Part A: Physiology. 1972; 43(1):53-58.
Sastry KV, Sunita K. Enzymological and biochemical changes produced by chronic exposure in teleost
fish, Channa punctatus. Toxicology Letters. 1983; 16:9-15.

Jha BS, Pandey S. Alteration in the total carbohydrate level of intestine, liver and gonad induced by lead
nitrate in the fish Channa punctatus. In: Environmental risk assessment (Eds.: Sahai YN, Deshmukh PN,
Mathai TA, Patil KS). The Academy of Environmental Biology, 1989, 207-211.

Gill TS, Pant JC. Effect of sub-lethal concentration of mercury in a teleost, Puntius conchonius.
Biochemical and haematological responses. Journal of Experimental Zoology, India. 1981; 19:571-573.
Murty AS, Devi AP. The effect of endosulfan and its isomers on tissue protein, glycogen and total lipids in
the fish Channa punctatus. Pesticide Biochemistry and Physiology. 1982; 17(3):280-286.

Journal for all Subjects : www.lbp.world



BIOCHEMICAL CONSTITUTES OF A FRESHWATER AIR BREATHING FISH ANABUS........... VOLUME - 8 | ISSUE - 4 | JANUARY - 2019

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bengeri KV, Shivraj KM, Patil HS. Toxicity of dimethylparathion to freshwater fish Labeo rohita and
oxygen uptake rate of exposed fish. Environment and Ecology. 1984; 2:1-4.

Jha V, Jayachandran C, Singh M, Singh S. Pharmacokinetic data on the oxycycline and its distribution in
different biological fluids in female goats. Veterinary Research Communications. 1989; 13:11-16.

Shaffi SA. Cadmium intoxication on tissue glycogen content in three fresh water fishes. Current Science.
1978; 47:668-670.

Paul DS, Walton FS, Saunders RJ, Styblo M. Characterization of the impaired glucose homeostasis
produced in C57BL/6 mice by chronic exposure to arsenic and high-fat diet. Environmental Health
Perspectives. 2011; 119:1104-1109.

Gorbman A, Dickhoff W, Vigna S, Ralph CL, Clark NB. Comparative endocrinology. New York: John Wiley
& Sons, 1983.

Neff JM. Polycyclic aromatic hydrocarbons in the aquatic environment: Sources, fates and biological
effects. Applied Science Publishers, London, UK, 1979.

Asztalos B, Nemscok J, Rafaie OJ. Effects of pesticide on some biochemical parameters of carp (Cyprinus
carpio). Archives of Environmental Contamination and Toxicology. 1990; 19:275-282.

Chandravathy MV, Reddy SCN. In vivo recovery of protein metabolism in gill and brain of a freshwater
fish, Ananbas scandens after exposure to lead nitrate Journal of Environmental Biology. 1994; 15(1):75-
82.

De Smet H, Blust R. Stress responses and changes in protein metabolism in carp, Cyprinus carpio during
cadmium exposure. Ecotoxicology and Environmental Safety. 2007; 48:255-260.

Sivachandran R, Sultana M, Saravanan R, Malathy S. Tannery effluents induced DNA damage in liver and
testicular tissues of fresh water fish, Channa striatus. Asian Journal of Science and Technology. 2014;
5(7):427-430.

Verma GP, Panigrahi P. Effect of agrofen on blood parameters of Oreochromis mossambicus (P).
Proceedings of the National Academy of Sciences, India. 1998; 68B(1):29-36.

Vasanthi. Studies on the heavy metal induced toxicity in Pernaviridis (L). Ph.D. thesis, University of
Madras, Chennai, Tamil Nadu, India, 2012.

Yadav V, Sharma S, Harjai K, Mohan H, Chhibber S. Induction and resolution of lobar pneumonia
following intranasal instillation with Klebsiella pneumonia in mice. Indian Journal of Medical Research.
2003; 118:47-52

Sen GM, Behera MK, Patel PN. Toxic effects of zinc on liver and brain of fish, Channa punctatus (Bloch).
Environment and Ecology. 1992; 10(3):742-744.

Hota S. Arsenic toxicity to the brain, liver and intestine of freshwater fish, Channa punctatus (Bloch).
Geobios. 1996; 23:154-156.

Jha BS. Alteration in the protein and lipid content of intestine, liver and gonads in the lead exposed
freshwater fish Channa punctatus (Bloch). Indian Journal of Environment and Ecoplanning. 1991;
2(3):281-284.

Rao CS, Neeraja P. Effect of chronic ammonia stress on some aspects of protein metabolism of fish
Tilapia mossambica. Indian Journal of Comparative Animal Physiology. 1990; 8:69-73.

Ramos P, Herrera E. Comparative responsiveness to prolonged hyperinsulinemia between adipose-tissue
and mammary-gland lipoprotein lipase activities in pregnant rats. Early Pregnancy: Biology and
Medicine. 1996; 2:29-35.

Shakoori AR, Zaheer SA, Ahmad MS. Effect of malathion, dieldrin and endrin on blood serum proteins
and free amino acids pool of Channa punctatus. Pakistan Journal of Zoology. 1976; 8:125-134.

Govindan VS, Jacob L, Devika R. Toxicity and metabolic changes in Gambusia affinis exposed to
phosphamidon. Journal of Ecotoxicology and Environmental Monitoring. 1994; 4(1):1-6.

Ram RN, Sathyanesan AG. Mercuric chloride induced changes in protein, lipid and cholesterol levels of
liver and ovary of the fish Channa punctatus. Environment and Ecology. 1984; 2:111-113.

Journal for all Subjects : www.lbp.world



BIOCHEMICAL CONSTITUTES OF A FRESHWATER AIR BREATHING FISH ANABUS........... VOLUME - 8 | ISSUE - 4 | JANUARY - 2019

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Mani K, Saxena PK. Effects of safe concentration of some pesticides on ovarian recrudescence in the
fresh water murrel Channa punctatus: A qualitative study. Ecotoxicology and Environmental Safety.
1985; 9:241- 249.

Nagai M, lkeda S. Carbohydrate metabolism in fish. I. Effect of starvation and dietary composition on the
blood glucose level and the hepatopancreatic glycogen and lipid content in carp. Nippon Suisan
Gakkaishi, 1971; 37:404- 409.

Harper. Harpers Review of Biochemistry (Ed.) Meyes DWPA, Rowell VW. Lange Medical Publications.
Maruzen Asia, 1983.

Dheenadayalamurthy. Characterization and impact of aquatic pollutants on the biochemical,
histopathological and molecular changes in various tissues of a fish, Channa punctatus and Oreochromis
mossambicus. Ph.D. thesis, University of Madras, Chennai, Tamil Nadu, India, 2012.

Ambrose T, Kumar LCA, Vincent S, Lambert R. Biochemical responses of Cyprinus carpio communis to
toxicity of tannery effluent. Journal of Ecobiology. 1994; 6(3):213-216.

Sujatha LB. Studies on the physiology, haematology and histology in the Indian major carp, Catlacatla
(Hamilton) as influenced by individual and synergistic toxic effects of a pesticide and two metallic
compounds. Ph.D. thesis, University of Madras, Chennai, Tamil Nadu, India, 2006.

Neha-Bhatkar, Venkhede GN, Dhande RR. Heavy metal induced biochemical alterations in the fresh
water fish Labeo rohita. Journal of Ecotoxicology and Environmental Monitoring. 2004; 14(1):1-7.
Nemcsok J, Orban L, Asztalos B, Vig E. Accumulation of pesticides in the organs of carp (Cyprinus carpio)
at 4°C and 20°C. Bulletin of Environmental Contamination and Toxicology. 1987; 38:370-378.

Maruthi YA, Rao SMV. Effect of distillery effluent on biochemical parameters of fish Channa punctatus
(Bloch). Journal of Environmental Polluttion. 2000; 7(2):111-113.

Baskaran P, Palanichamy S, Arunachalam S. Effects of textile dye effluent on feeding energetics body
composition and oxygen consumption. Journal of Ecobiology. 1989; 1:203-204.

Journal for all Subjects : www.lbp.world



