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Abstract:

With a view to appraise the histochemical effect of sublethal doses of
waterborne  endosulfan (EDS) on hepatopancreatic cells of Cyprinus carpio, we
estimated  protein, carbohydrate and acid mucopolysaccharide content following
treatment with 0.0015 and 0.002 ppm EDS concentration for periodsvarying from 10 to
20 days and compared them to the control one. Our results indicate concomitant loss of
protein, carbohydrate, and acid mucopolysaccharide with dose and time along with a
good recuperation in carbohydrate content in some hepatocytes following 0.002ppm
EDS intoxication for twenty days showing carbohydrate metabolism is less affected in
comparison to the metabolism of protein and acid mucopolysaccharide. The dropping
off in chemical constituents combined with the pesticide contamination will certainly
affect the fish health, reduce its dietetic value and affect the health and economy of
mankind adversely. Another important thing that we have noted is that endosulfan also
depletes dissolved oxygen (DO) level within twenty four hours that may causes fish
death.
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INTRODUCTION:

The liver plays a cardinal processing and distributing role in metabolism and gets first entrée to the
ingested food via the portal vein David (Nelson and Cox, Lehninger Principles of Biochemistry 5th Edi.).
Endosulfan, which is a cream-to-brown colored solid (ATSDR 2000) non-systemic organochlorine
insecticide (Kidd & James 1991) and belongs to the cyclodiene group, has been found to affect many vital
organs including liver, intestine, and brain. EDS has not only been detected in freshwater fish in several
countries including Benin and Kenya (Pazou et al 2006a, 2006b), India (Kole et al 2001; Singh & Singh
2007), Nigeria (GEF SSA 2002), Tanzania (Henry & Kishimba 2006), USA (GEF NA 2002, Hinck et al
2008, Ackerman et al 2008), Uganda (Kasozi et al 2006) , Zambia (Syakalima et al 2006) and in estuarine
fishin Argentina (Lanfranchi et al 2006) but also has been found to cause monolithic fish death after aleak
into rivers in Benin, Germany, India, Sudan and the USA (EJF Journal 2009) and even human death as a
result of consumption of EDS contaminated fish in East Africa (GFEA-U 2007) has been reported. In
Alabama (1995) endosulfan exterminated more than 24,000 fish in spite of having been applied in
compliant with the instructions (IPEN 2009). Considering its toxicity sixty-two countries (EFJ Journal
2009) has banned this awful pesticide but in numerous countries including India endosulfan is still being
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used indiscriminately on various crops. In India, EDS has been reported from goat and chicken (Singh et al
2008a), mustard oil and vegetable oil (GEF 10 2002), cauliflower, brinjal and okra (Shahi et al 2005), ber,
grapes and guava (Kumari et al 2006), mangoes (Singh et al 2008b ), farmed prawns (Amaraneni 2006),
daily eatables (Kumari & Kathpal 2009), breast milk (Sanghi et al, 2003), groundnuts, and chilli powder;
and in canned pineapple, chillies and onion in Sri Lanka (GEF 10 2002) and in shrimps and oysters in
Jamaica (GEF CAC 2002); in honey in Turkey (Erdogrul 2007). This shows its widespread use in India and

other countries. With the technical composition of o— and — isomer (Hays, 1993), endosulfan is very

toxic to almost all kinds of organisms (GFEA-U 2007) but extremely toxic to fish (Naqvi and Vaishnavi,
1993, USEPA, 2002), especially to juveniles (Dutta & Arends 2003).

In fish, maximum quantity of EDS was detected in the liver followed by the intestines, gills, brain
and skeletal muscles (Heath 1992, Isam et al. 2005). As the liver is the chief organ for EDS metabolism
(Peterson and Bately 1993) and supplier of nutrients to all other organs and tissues, any alteration in the
composition of hepatocytes will affect piscine health and dietetic value that in turn affect the piscivores.
Effect of doses of EDS on different aspects such as biochemical changes, ultrastructural changes etc. on
different fish organs has been studied extensively by several scientists (Hundet et al. 2012, Braunbeck, et al.
1999, Ballateros, 2009 et al., Shastry et al.1983, and many more), but little data is available on
histochemical effect. Therefore, the present work is undertaken to evaluate its histochemical effect in the
hepatocytes of the liver.

3.MATERIALAND METHOD
3.1) Chemicals:

Technical grade 35% EC EDS (Acaricides; mixture of two sterecoisomers -a— and B— EDS;, in a
ratio of 4:1, manufactured by Excel Industries Ltd. Bombay) was procured from the local market and its
solution was made using acetone having negligible toxicity for fish (12000 ppm).

3.2) Preconditioning and Treatment of Experimental Animals:

Cyprinus carpio fish was collected from the “Chandemari Fish Farm” and treated with 0.1%
potassium permanganate solution for 15 minutes to get rid of dermal infections. All the fishes were kept for
acclimatization in polymer fibre aquaria for 7 days. The lethal dose of EDS for

C. carpio is 0. 0057ppm but fish died even at 0.00001ppm EDS as EDS reacts with water and
depletes dissolved oxygen. So the fishes were introduced after 24 hours of the solution preparation to avoid
killing of fishes. Oxygen is supplied continuously throughout the experimental period with the help of
aerator to maintain O2 level between 6 to 9 ppm.

Healthy fishes, measuring 12 to 14 cm and weighing approximately 50-60 gms, were selected for
experimentation. A set of 10 fishes were transferred into three differently maintained aquaria with 200 L
water quantity, out of which one contained dechlorinated water and the other two contained 0.0015 and
0.002 ppm EDS concentration (Lethal dose of EDS for C. carpio is 0.0057ppm). Five fishes were sacrificed
after 10 days and the rest of the fishes were sacrificed after 20 days. The fishes were fed daily (with standard
fish food) during the entire experimentation period. The liver of the sacrificed fishes was dissected, cut into
small pieces and washed in normal saline for 5 to 10 minute.

3.3) Histochemical Tests:

The pieces of liver were fixed in 10% formalin and 8 to 10 micrometer thin sections were cut for
histochemical studies of protein, carbohydrate and acid mucopolysaccharides to assess the qualitative
impact of EDS. Bromphenol blue, PAS and alcian blue tests were carried out according to Homasan's
Histochemical Technique book.

3.4) Water Quality Parameter:
The water quality parameters like temperature, pH, dissolved oxygen (DO), free carbon dioxide
(CO2), total alkalinity, temporary hardness, permanent hardness and chloride were checked on Ist, 5th,

10th, 15th, and 20th day by standard methods and found to be within the recommended range for carp
rearing.
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4.RESULT:

C. carpio exposed to sublethal concentrations of EDS did not exhibit any changes in movements
and feeding habit likewise, growth was not retarded following introduction to all concentrations of
endosulfan, and no external pathological signs were obvious.

Protein: Bromophenol Test

Bromophenol test of the control fish liver showed nuclei of the hepatic cells and exocrine
pancreatic mass strongly positive, blood vessels, blood cells and endocrine pancreatic mass positive,
cytoplasm of hepatic cells and its reserve material negative and the interhepatic spaces strongly positive.
(fig.1)

Endosulfan treated liver showed increase of protein content in the hepatic cells and decrease in the
exocrine pancreatic tissue in comparison to control liver following 0.0015-ppm EDS intoxication for 10
days while after 20 days intoxication further decrease in protein content was noticed in hepatic as well as
pancreatic tissues (fig. 2&3). 0.002-ppm endosulfan intoxication for 10 days showed less protein in the
pancreatic and hepatic cells while 20 days exposure showed maximum decrease in protein content in the
whole of the liver mass (fig 3 & 4).
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(Fig. 1. Photomicrograph of T.S. of the liver of untreated
C. carpio (Fig. 2. Photomicrograph of T.S. of the liver after 10
Bromophenol Blue Test, x-100.) days intoxication to 0.0015ppm EDS, x-100.)
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(Fig. 2. Photomicrograph of T.S. of the liver after 20 ( Fig. 4. Pictmicrograph after 10 days 0.002 PPM EDS
0.0015ppm EDS exposure X-100) 0.002ppm EDS exposure X-100)

CARBOHYDRATE: PICRICACID SCHIFF'STEST

In the normal liver, carbohydrate was detected in the pancreatic tissue, blood vessels, and blood
cells. Little carbohydrate was detected in the nuclei of the hepatic cells and very little in the cytoplasm of
hepatic cells (fig. 5). Following 0.0015-ppm endosulfan intoxication for 10 days, carbohydrate content
decreased and subsequent to 20 days exposure heavy loss of carbohydrate was observed (fig. 6). Likewise
diminution was also recorded following vulnerability to 0.002-ppm endosulfan for 10 days but after 20
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days some cells showed good amount of carbohydrate (fig. 7 & 8).
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(fig. 7 Pictomicrograph of liver after 10 days 0.002ppm (fig. 8 Pictomicrograph of liver after 20 days 0.002ppm
EDS intoxication) EDS intoxication)

ACID MUCOPOLYSACCHARIDE: ALCIAN BLUE TEST

Acid mucopolysaccharides were detected with Alcian Blue test in the liver of control and treated
fish. In the liver and pancreatic mass, acid mucopolysaccharides got extremely reduced in 0.0015-ppm
endosulfan treated fishes for 10 days (fig. 10) in comparison to control fish (fig. 9) and subsequent to 20
days exposure (fig. 11) further minification was detected. Similar decrement was also observed following
0.002 ppm EDS exposure for 10 days and 20 days

(fig. 12&13).
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(fig. 9. Pictomicrograph of liver control Alcian Blue test (fig. 10.Picomicrograph of liver after 10 days
X-100) 0.0015ppm EDS intoxication X -100)
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(fig. 13.Picomicrograph of liver after 20 days
0.002ppm EDS intoxication X -100)
5.DISCUSSION

Increase in protein content in the beginning seems to be the result of enhanced protein synthesis in
response to the pesticide but thereafter decline in protein content seems the result of inequity in metabolic
activity as proteolytic activity increased in response to the pesticide while synthetic activity decreased as
EDS induces inhibition of messenger RNA production (G. Tripathi et al. 2004). Braunbeck et al.(1999) in
cytological studies of liver cells in C. carpio exposed to ultra low dose of oral EDS noticed significant
increase in number and extension of RER stacks and proliferation of lysosomes. The former may be related
to biotransformation process as they have indicated and the latter can be correlated with enhanced
proteolysis under starvation and oxidative stress caused by reduced absorption of nutrients in intestine by
increased mucous cells in response to endosulfan. All these facts support that endosulfan either directly or
indirectly contribute more to protein degradation. Under starvation, selective ordered protein degradation
by the process of autophagy has also been reported (Anders, 2008). EDS is shown to induce oxidative
stress (Omurtag, 2008, Balleteros, 2009).

Our result does not corroborate the finding of Indirabai et al (2010) who found increase in protein
content in hepatocytes of Labaeo rohita treated with sublethal doses of endosulfan but supports the findings
of several other workers who have obtained analogous results in different fish species. Bakthavathsalam
& Srinivas (1984) during acute exposure of Anabas testudneus to Lindane; ~ Sastrietal. (1984) in Channa
punctatus after endosulfan exposure; Ambrose et al. (1994) in the liver of Cyprinus carpio communis after
tannery effluent exposure; Rajan (1990) in Cyprinus carpio exposed to effluent, Saravanan et al. (2010) in
Labeo rohita.

Decrement in carbohydrate content in hepatocytes may be due to either oxidative stress (Omurtag
et al 2008) or inhibition of insulin biosynthesis by EDS or due to inhibition of hexokinase (HK), to
decreased activity of succinate dehydehydrogenase (SD), malate dehydrogenase (MD) in response to EDS
(Sastry K.V. 1983) or diminution of citrate synthase (CS) activity by endosulfan (Tripathi, 2004). HK
inhibit glucose phosphorylation in liver cells while decreased activity of SD, MD and CS drops off TCA
cycle. Hypersecretion of Mucous in gills makes gaseous exchange more difficult (Bols et al. 2001) that
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paves the way for more anaerobic respiration to meet extra energy demand resulting into the heavy
depletion of glycogen. Glycogen depletion may also be attributed to damage of hepatocytes due to EDS or
to hormone mediated stress phenomena (Hanke et al. 1983, Gluth & Hanke 1985), or to reduced intestinal
absorption of carbohydrates (Sastry et al 1982). All the facts are suggestive of different mode of action of
EDS in carbohydrate metabolism.

Our results substantiate the findings of Murty & Devi (1982), Sastry & Siddiqui (1983), Verma et
al. (1983), Sharma & Maya (1987) and Sastri et al. (1987), who noticed diminution in hepatic glycogen in
other fish species. Vishwaranjan et al, (1988) recorded remarkable decrease in the carbohydrate level after
the higher dose exposure of tannic acid in the fish, Oreochromis mossambicus. Palanichamy et al. (1989)
studied the effect of chemical effluent on Mystus vittatus and found that body constituents like protein,
carbohydrate and lipid content of muscle, liver, gill and intestine decreased with increasing concentration
of effluent. Jebakumar et al (1990) studied the carbohydrate level of L. thermalis exposed to sublethal levels
of Cypermethrin and noticed very little difference from control upto 9 days and thereafter they observed
decreasing trend. Grant and Mehrle (1970) have reported inhibition and mobilization of liver glycogen by
low doses of Endrin and blockage by high doses.

Decrease in acid mucopolysaccharide content seems logical as both protein and carbohydrate
content decreased heavily.

The diminution in protein, carbohydrate and acid mucopolysaccharide content in liver following
endosulfan exposure indicate heavy changes in chemical composition of fish reducing its dietetic value.
EDS can also affect human health through food chain and biological magnification.

6. CONCLUSION:

Despite being classified as an "extremely hazardous" pesticide (ITRC 1989), India is currently the
leading producer and user of endosulfan (EJF, 2009). Seeing its extensive use in agriculture and massive
killing and contamination of fish and other food items, humans seem to be the next major victims of EDS.
People are using this awful organochlorine pesticide for their selfish gain ignoring its hurtful side effects.
Its biochemical, cytological, histological, and histochemical effects alarms against a dreadful hidden
ensuing danger. Now, time has come to see towards other ecofriendly pesticide.

7.REFERENCES

Ackerman LK, Schwindt AR, Simonich SLM, Koch DC, Blett TF, Schreck CB, Kent ML, Landers DH.
2008. Atmospherically deposited PBDEs, pesticides, PCBs, and PAHs in western U.S. National Park fish:
concentrations and consumption guidelines. Environ Sci Technol 42:2334-41.

ATSDR. 2000. Toxicological Profile for Endosulfan. Agency of Toxic Substances and Disease Registry,
Atlanta, USA. http://www.atsdr.cdc. gov/toxprofiles/tp41.html

Amaraneni SR. 2006. Distribution of pesticides, PAHs and heavy metals in prawn ponds near Kolleru lake
wetland, India. Environ Int 32(3):294-302.

Ambrose, T. et al. (1994). Biochemical responses of Cyprinus carpio communis to toxicity of tannery
effluent. J. Ecobio., 6(3): 213-216.

Anders Riis Kristensen, Seren Schandorff, Maria Heyer-Hansen, Maria Overbeck Nielsen, Marja Jééattela,
Jorn Dengjel* and Jens S. Andersen (2008). Ordered Organelle Degradation during Starvation-induced
Autophagy. Molecular & Cellular Proteomics, 7, 2419-2428.

Ballesteros ML, Wunderlin DA, Bistoni MA. Oxidative stress responses in different organs of Jenynsia
multidentata exposed to endosulfan. Ecotoxicol Environ Saf. 2009 Jan;72(1):199-205.

Bakthavathsalam, R. & Srinivas Reddy, Y. (1984). Impotance of protein metrabolism during acute
wxposure of Anabas testudineus to Lindane. Env. Eco., 2(3):194-198

Bisson M, Hontela A. 2002. Cytotoxic and endocrine-disrupting potential of atrazine, diazinon,
endosulfan, and mancozeb in adrenocortical steroidogenic cells of rainbow trout exposed in vitro. Toxicol
Appld Pharmacol 180(2):110-7.

Bols N.C., Brubacher J.L., Ganassin R.C. & Lee L.E. 2001. Ecotoxicology and innate immunity in fish.
Dev. Comp. Immunol. 25:853-873.

Braunbeck T. and S. Appelbaum (1999) Ultrastructural alterations in the liver and intestine of carp
Cyprinus carpio induced orally by ultra-low doses of endosulfan; Diseases of Aquatic Organisms Vol. 36:
183-200.1999

David L. Nelson and Michael M. Cox. Lehninger Principles of Biochemistry Fifith Edition. p 912-913.
Dutta H, Arends DA. 2003. Effects of endosulfan on brain acetylcholinesterase activity in juvenile bluegill
sunfish. Environ Res 91:157-62.

Indian Streams Research Journal ¢ Volume 3 Issue 3 ¢ April 2013 6



http://en.wikipedia.org/wiki/Cyclonic

EFFECT OF WATER-BORNE SUBLETHAL DOSES OF ENDOSULFAN ON ............. I]spa ce

EJF (2009) End of the Road for Endosulfan: pushing for a global ban on a deadly pesticide. Environmental

Justice Foundation, London, UK. Second version.

Erdogrul O. 2007. Levels of selected pesticides in honey samples from Kahramanmaras, Turkey. Food
Control 18:866-71.

GEF CAC. 2002. Regionally Based Assessment of Persistent Toxic Substances — Central America and the
Caribbean Regional Report. Global Environment Facility, United Nations Environmental Programme,
Geneva. http://www.chem.unep.ch/Pts/.

GEF SSA. 2002. Regionally Based Assessment of Persistent Toxic Substances — Sub-Saharan Africa
Regional Report. Global Environment Facility, United Nations Environmental Programme, Geneva.
http://www. chem.unep.ch/Pts/.

GFEA-U. 2007. Endosulfan. Draft Dossier prepared in support of a proposal of endosulfan to be
considered as a candidate for inclusion in the CLRTAP protocol on persistent organic pollutants. German
Federal Environment Agency— Umweltbundesamt, Berlin.

GEF NA. 2002. Regionally Based Assessment of Persistent Toxic Substances — North America Regional
Report. Global Environment Facility, United Nations Environmental Programme, Geneva. http://
www.chem.unep.ch/Pts/

GEF 10. 2002. Regionally Based Assessment of Persistent Toxic Substances — Indian Ocean Regional
Report. Global Environment Facility, United Nations Environmental Programme, Geneva. http://
www.chem.unep.ch/Pts/.

Gluth G, Hanke W (1985) A comparison of physiological changes in carp, Cyprinus carpio, induced by
several pollutants at sublethal concentrations. I. The dependency on exposure time. Ecotoxicol Environ Saf
9:179-188

Grant, B.E. and Mehrle, P.M. (1970). Chronic endrin poisoning in gold fish Carassius auratus. J. Fish Res.
Board, Canad., 37:2225-22252

Heath, RG.M. 1992. The levels of organochlorine pesticides in indigenous fish from two rivers that flow
through the Kruger National Park, South Africa. Water Supply 10: 177-185

Henry L, Kishimba MA. 2006. Pesticide residues in Nile tilapia (Oreochromis niloticus) and Nile perch
(Lates niloticus) from Southern Lake Victoria, Tanzania. Environ Pollut 140(2):348-54.

Hinck JE, Blazer VS, Denslow ND, Echols KR, Gale RW, Wieser C, May TW, Ellersieck M, Coyle JJ,
Tillitt DE. 2008. Chemical contaminants, health indicators, and reproductive biomarker responses in fish

from rivers in the Southeastern United States. Sci Total Environ Oct 390(2-3):538-57.

Hanke W, Gluth G, Bubel H, Miiller R (1983) Physiological changes in carp induced by pollution.
Ecotoxicol Environ Saf'7:229-241.

Hundet A, Prabhat B K, Singh R (2012). Histopathological effects of endosulfan on stomach of teleost fish
Cyprinus carpio communis. National Journal of Life Science, vol. 9(2) : 154-156.

Indirabai W.P.S., Tharani Geetha G., Seetha P. Impact of sublethal concentration of EDS on biochemicals
and Histology of organ tissue of fresh water fish, Labeo rohita (Hamililton, 1822), The Bioscan 5(2): 215-
218,2010

IPEN Pesticide Working Group Secretariat. Endosulfan - Fact sheet and Answers to Common Questions.

Available online
http://thanaluser.web.aplus.net/sitebuildercontent/sitebuilderfiles/endosulfan_factsheet.pdf, accessed on
04/02/09

Industrial Toxicology Research Centre (ITRC) (CSIR) (1989) Toxicity data handbook, Vol 3. Pesticides-A,
TDS-161, Endosulfan, pp 292-297

Isam Eldin Mohamed Abu Zeid, Mohd Arif Syed, Johari Ramli, Juzu Hayati Arshad, Ismail Omar & oNor
Aripin Shamaan, Bioaccumulation of Carbofuran and Endosulfan in the Mrican Catfish Clarias

gariepinus. Pertanika 1. Sci. & Techno!. 13(2): 249-256 (2005)

Jebakumar, S.R.D., Flora, S.D.J. and Ganesan, R.M. (1990). Effect of short term sublethal exposure of
cyperminthrin on the organic constituents of the fresh fish, Lepidocephalichthys thermalis. J. Environ. Biol.
4 (2supp.): 203-209.

Kasozi GN, Kiremire BT, Bugenyi FW, Kirsch NH, Nkedi-Kizza P. 2006. Organochlorine residues in fish
and water samples from Lake Victoria, Uganda. J Environ Qual 35(2):584-89.

Kole RK, Banerjee H, Bhattacharyya A. 2001. Monitoring of market fish samples for endosulfan and
hexachlorocyclohexane residues in and around Calcutta. Bull Environ Contam Toxicol 67:554-59.

Kidd H, James DR. 1991. The Agrochemicals Handbook, 3rd Ed. The Royal Society of Chemistry,
Cambridge UK.

Kumari B, Madan VK, Kathpal TS. 2006. Monitoring of pesticide residues in fruits. Environ Monit Assess
123(1-3):407-12.

Kumari B, Kathpal TS. 2009. Monitoring of pesticide residues in vegetarian diet. Environ Monit Assess

Indian Streams Research Journal ¢ Volume 3 Issue 3 ¢ April 2013 7



http://en.wikipedia.org/wiki/Cyclonic

EFFECT OF WATER-BORNE SUBLETHAL DOSES OF ENDOSULFAN ON ............. ﬂsp ace

151(1-4):19-26.

Lanfranchi AL, Menone ML, Miglioranza KSB, Janiot LJ, Aizpun JE, Moreno VJ. 2006. Striped weakfish
(Cynoscoon guatucupa): a biomonitor of organochlorine pesticides in estuarine and near-coastal zones.
Mar Poll Bull 52(74-80).

Murty AS, Devi AP (1982) The effect of endosulfan and its isomers on tissue protein, glycogen, and lipids in
the fish acahanna punctatus. Pesticide Biochem Physiology 17:280-286

Nagvi, S. M. and Vaishnavi, C. (1993). Bioaccumulative potential and toxicity of endosulfan insecticide to
non-target animals (mini review). Comp. Biochem. Physiol. 105 C, 347-361.

Omurtag GZ, Tozan A, Sehirli AO, Sener G. 2008. Melatonin protects against endosulfan-induced
oxidative tissue damage in rats. J Pineal Res 42(4):386-93.

Palanichamy, S., Arunachalam, S., Ali Mohammed and Baskaran, P. (1989). Effect of chemical effluent on
feeding energetic and body composition in the fresh water catfish Mystus vittatus. Proceed second Asian
Fisheries Forum, Japan.

Pazou EY, Boko M, van Gestel CA, Ahissou H, Laleye P, Akpona S, van Hattum B, Swart K, van Straalen
NM. 2006a. Organochlorine and organophosphorous pesticide residues in the Oueme River catchment in
the Republic of Benin. Environ Int 32(5):616-23.

Pazou EY, Laleye P, Boko M, van Gestel CA, Ahissou H, Akpona S, van Hattum B, Swart K, van Straalen
NM. 2006b. Contamination of fish by organochlorine pesticide residues in the Oueme River catchment in
the Republic of Benin. Environ Int 32(5):594-99.

Peterson, S.M. and G.E. Bately. 1993. The fate of endosulfan in aquatic ecosystem. Environment and
Pollution 82: 143-152.

Rajan, N.A. (1990). Sublethal effects of textile mill effluent on protein carbohydrate and lipid content of
different tissues of the fish Cyprinus carpio. Environ. & Ecol., 8(1): 54-58.

Sanghi R, Pillai MK, Jayalekshmi TR, Nair A. 2003. Organochlorine and organophosphorus pesticide
residues in breast milk from Bhopal, Madhya Pradesh, India. Hum Exp Toxicol 22(2):73-6.

SaravananT.S. *, P. Rajesh and M. Sundaramoorthy Studies on effects of chronic exposure of endosulfan to
Labeo rohita. September 2010, 31(5) 755-758 (2010)

Sastry K. V., Siddiqui A. A. Metabolic changes in the snake head fish Channa punctatus chronically
exposed to endosulfan Water Air and Soil Pollution . 01/1983; 19(2):133-141.

Sastri, et al. (1987). Effect of lead nitrate on some biochemical and enymological parameters of
Heteropneustes fossilis. Him. J. Env. Zoo. 1 : 62-69.

Shahi DK, Nisha K, Sharma A. 2005. Monitoring of pesticide residues in market vegetables at Ranchi,
Jharkhand (India). J Envivon Sci Eng 47(4):322-5.

Sharma, S.D. & Maya (1987). Some biochemical alterations in liver and kidney of Clarius batrachus in
response to arsenic administration. Him. J. Env. Zool. 1: 144-147.

Singh PB, Singh V. 2007. Pesticide bioaccumulation and plasma sex steroids in fishes during breeding
phase from north India. Environ Toxicol Pharmacol 55(3-4):223-37.

Singh SB, Mukherjee I, Maisnam J, Kumar P, Gopal M, Kulshrestha G. 2008b. Determination of pesticide
residues in IPM and non-IPM samples of mango (Mangifera indica). J Environ Sci Health B 43(4):300-6.
Syakalima M, Choongo K, Mwenechanya R, Wepener V, Yamasaki M, Maede Y. 2006. Pesticide/herbicide
pollutants in the Kafue River and a preliminary investigation into their biological effect through catalase
levelsin fish. JonJ Vet Res 5(2-3):119-28.

Tripathi G. and Priyanka Verma (2004) Endosulfan-mediated Biochemical Changes in the Freshwater Fish
Clarias batrachus Biomedical and Environmental Sciences 17, 47-56 (2004)

USEPA, 2002a. Reregistration Eligibility Decision for Endosulfan. Case 0014. Washington, DC: Office of
Prevention, Pesticides and Toxic Substances, U.S. Environmental Protection Agency.
http://www.epa.gov/oppsrrd1/REDs/endosulfan_red.pdf

Verma SR, Rani S, Tonk IP, Dalela RC (1983) Pesticide induced dysfunction in carbohydrate metabolism in
three freshwater species. Environ Res 32:127-13

AJIT HUNDET
Professor & Head, Department of Zoology, K.G. Arts and Science College, Raigarh.

Indian Streams Research Journal ¢ Volume 3 Issue 3 ¢ April 2013 8



http://en.wikipedia.org/wiki/Cyclonic

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

