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The present investigation deals with the histopathological changes induced by
dimethoate on the liver of Puntius ticto (Ham). Puntius ticto a freshwater fish
exposed to lethal (5.012ppm) and two sub-lethal (2.506 & 1.253 ppm)
concentration of dimethoate for acute (four days) and chronic (sixty days)
exposure. After lethal exposure liver showed significant changes. Marked
swelling and compact arrangement of hepatocytes were observed. Vacuoles
were seen in the cytoplasm and nuclei continue to be pyknotic and eccentric.
There were cloudy swellings of the cells with large vacuoles, degenerated
sinusoids, disorganized hepatic cords and loss in shape of hepatocytes was
observed. Long-term exposure also showed swelling of hepatocytes,
vacuolation in the hepatocytes, disorganized hepatic cords and loss of shape of
hepatocytes i.e., cell wall rupture. Lining of bile duct was also observed
ruptured, cell necrosis and focal fibrosis was observed in both the sub-lethal
exposures. Vacuoles were also seen in the cytoplasm of hepatocytes and
nuclei continued to be pyknotic and eccentric. The granulotoma condition was
observed in all concentrations during short and long-term exposure. The above
changes showed that the severity of damage is dependent upon the dose of
concentration.

INTRODUCTION

chemicals destroy and eradicate the economically

India is primarily an agro-based country
where more than 60-70% of its population depends
on agriculture. However, 30% of its agricultural
produce is lost owing to pest infestation. Due to the
absence of better alternative deployment of
pesticides become inevitable despite their known
hazardous effects. In India utilization of pesticides
is about 3% of total world consumption and is
increasing at the rate of 2-5% per annum
(Bhadbhade et al., 2002). Extensively used
pesticides in agriculture, forestry, public health and
veterinary practices are run off from fields into the
ponds, lakes and rivers and causing serious concern
about water pollution. Pesticides and related
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important species either indirectly through breaking
the biological chains or directly produces toxic
stress and chemical changes. Predominantly, as a
result of extensive application of pesticide, large
scale mortalities of fish occurred widely (Srivastava
and Srivastava, 1994). Ten million of fish are killed
every year by a wide variety of different pollutants
from many sources like municipal, agricultural and
industrial.  From industrial and agricultural
operations, these compounds find their way in to the
natural water resources and affect the aquatic
organism (Tilak et al., 2007).

The freshwater fishes constitute one of the
major sources of nutritious food for humans. Fish
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are largely being used for assessment of the quality
of aquatic environment and as such can serve as
bioindicators of environment pollution. Among the
aquatic species, the fish are the major targets of
toxicants like pesticides. Hence pollutants such as
pesticides may significantly damage certain
physiological and biochemical processes when they
enter into the organs of fishes (John, 2007; Banaee
et al, 2011). Due to accumulation of these
pesticides in tissues produces many physiological,
histological and biochemical changes in the fishes
and freshwater fauna by influencing the activities of
several enzymes and metabolites (Nagarathnamma
& Ramamurthi, 1982). Fish health may thus reflect,
and give a good indication of the health status of a
specific aquatic ecosystem. Histological analysis
appears to be a very sensitive parameter and is
crucial in determining cellular changes that may
occur in target organs, such as the gills, liver and
kidney (Dutta, 1996). Therefore, histological
investigation may be cost effective diagnostic tool
for infectious and non-infectious fish diseases and
can therefore be used to assess the health of fish
populations by analyzing selected target organs
(Van Dyk and Pieterse, 2008). Dimethoate is an
organophosphorus insecticide widely used against
vegetable and fruit sucking aphids, mites and saw
flies. Exposure to chemical pollutants may cause
many molecular, biochemical changes in the fish
which precede cellular and systemic dysfunctions.
So that, if appropriate parameters are monitored,
early warning signs of distress may be detected
(Palmes, 1976). However there has been little
information regarding the adverse effect of
dimethoate on the liver of fishes. Keeping this in
mind present study was undertaken to assess the
toxicological manifestation of a dimethoate on the
liver of freshwater fish, Puntius ticto.

MATERIAL AND METHODS

The freshwater fish Puntius ticto were
collected from the freshwater sources around
Aurangabad city. They were acclimatized in aged,
dechlorinated and well aerated water for two weeks
in the laboratory. During acclimatization they were
fed on alternate days with pieces of live
earthworms. The LCso values are determined by
following the guidelines given by committee of
toxicity tests with aquatic organism (Annon, 1975)
and Probit Analysis Method (Finney, 1971). The 20
healthy and acclimated fishes showing normal
activity were exposed to lethal concentration
(5.012ppm) for 96h (Acute Study) and sublethal
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concentrations (2.506ppm and 1.253ppm) for 60
days (Chronic Study). Simultaneously a control
group of healthy fishes were maintained under
identical conditions. After commencement of
exposure period fishes were killed by decapitation
and liver is removed and fixed in Bouins fluid for
24h and processed according to standard procedure
of routine microtechnique. For staining double stain
method was followed by using Hematoxylin and
Eosin and mounting was done in DPX.

RESULTS AND DISCUSSION
Histology of Liver:

The single lobe of a normal liver section
shows that it is formed of tiny irregular lobules
separated by thin connective tissue partitions. The
lobules are filled with polygonal cells called as
parenchymal cells or hepatocytes. Polygonal cells
having distinct central nuclei with nucleoli. The
hepatocytes are arranged in cords, filled with clear
cytoplasm. The blood spaces are lined by
connective tissue (Fig A)

Histopathology of Liver:

Fish exposed to lethal concentration of
dimethoate showed marked changes in the
histological architecture of liver. Marked swelling
and compact arrangement of hepatocytes were
observed. Vacuoles were seen in the cytoplasm and
nuclei continue to be pyknotic and eccentric. There
were cloudy swellings of the cells with large
vacuoles, degenerated sinusoids, disorganized
hepatic cords and loss in shape of hepatocytes was
observed. The inter-cellular space became wider
due to connective tissue damage. Shrinkage and
dilation of blood vessels was also observed.
Haemorrhage, widening of blood sinusoids and
rupture in the lining of bile duct was observed (Fig.
B).

Long-term exposure also showed swelling
of hepatocytes, vacuolation in the hepatocytes,
disorganized hepatic cords and loss of shape of
hepatocytes i.e., cell wall rupture at both the sub-
lethal concentrations. Lining of bile duct was also
observed ruptured, cell necrosis and focal fibrosis
was observed in both the sub-lethal exposures.
Vacuoles were also seen in the cytoplasm of
hepatocytes and nuclei continued to be pyknotic and
eccentric. These changes were prominent in higher
concentration than at lower concentration. The
granulotoma condition was observed in all
concentrations during short and long-term exposure.
The above changes showed that the severity of
damage is dependent upon the dose of concentration
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and exposure time (Fig C, D, E and F).
Liver plays a key role in maintaining the internal
homeostasis in vertebrates.Having a rather dynamic
structure, it is a good study model since it regulates
many, metabolic and physiological processes
(Signer 1998). Liver also is the main organ of
detoxification (Dutta et al., 1993), it regulates
metabolism, transforms, excrete xenobiotics and
helps in detoxification, that suffers serious
morphological alterations in fish exposed to
pesticides (Rodrigues and Fanta 1998). Alterations
in the liver may be useful as a marker that gives
prior indication of physiological alterations on
exposure to environmental stressors such as
pesticides. Tissue injuries and damage caused by
pesticide resulted to reduced survival, growth,
fitness and the low reproductive success or increase
of  susceptibility to  pathological agents
(Lakshmaiah, 2016)

Bhattacharya and Mukherjee (1975) studied
effect of endrin on hepatopancreas of Clarias
batarachus and observed degenerative changes as
liver cord disarray, vacuolation, necrosis, rupture,
vacuolation of the hepatic cells with binucleated
and enlarged nucleus. They also reported that
histopathological ~ effects of endrin  were
proportionally greater in fishes exposed to higher
concentration of endrin. Robert and Summerfelt
(1975) studied cadmium induced histopathological
changes in gold fish and observed granulotoma
formation in the liver. Sastry and Sharma (1979 )
studied endrin induced changes in liver histology of
Channa punctatus and observed swollen hepatic
cells, liver cord disarray, necrosis vacuolation in
cytoplasm, increase in size of nucleus, ruptured cell
membrane and widened inter-cellular spaces due to
connective tissue damage. Similar results were
observed in the Puntius ticto during present
investigation.

Mandal and Kulshrestha (1980) studied
histopathological changes induced by sumithion in
Clarias batarachus and observed severe necrosis on
90" day than the 45" day. Loss of polygonal shape
of hepatic cells, vacuolation in cells, rupture and
disintegration of cellular wall which leads to
formation of multinucleate giant cells. Hanumante
et al., (1981) reported disarray of hepatic cords,
clumped hepatocytes and prominent increase in
blood sinusoids in Channa gachua treated with
mercuric chloride. Kumar and Pant (1981) showed
vacuolation within and outside the hepatocytes and
severe necrotic changes in the liver of Puntius
conchonius on copper and zinc treatment. Kamble
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(1983) studied histopathological changes in the liver
of L. thermalis exposed to sumithion and BHC.
Exposure to BHC showed vacuolated hepatic cells,
pyknotic nuclei, coagulation of hepatocytes and
shrinkage of parenchymal cells; while sumithion
toxicity resulted in vacuolation in hepatic cells,
swelling of parenchymal cells with pyknotic nuclei,
liver cord distortion and necrosis in parenchyma
with degenerative lesions. Khalid et al., (1986)
studied histopathological changes in the liver of B.
ticto and R. daniconius exposed to suguin and
recorded hyperplasia, rupture of hepatocytes,
pyknotic nuclei, denucleated hepatocytes and
aggregation of nuclei and vacuolation. Ramlingam
(1988) studied effect of DDT, malathion and
mercury on liver morphology of Sarotherodon
mossambicus and reported changes like necrosis,
fatty degeneration and red cell occlusion in portal
vessel, engorged blood vessels congestion, vacuolar
degeneration of hepatocytes, necrosis of pancreatic
cells and fatty changes in peripancreatic
hepatocytes.

Radhaiah and Rao (1992) have exposed T.
mossambica to sub-lethal concentration of
fenvalerate for 10 and 20 days and noted
histopathological lesions such as vacuolated
hepatocytes, cell necrosis, movement of nuclei to
the cell periphery, pyknotic nuclei and cytoplasmic
degenerations in the liver tissue. Dutta et al., (1993)
observed compactly arranged hepatic cells with
prominent nuclei and nucleolus, shrinkage of
hepatic cells, degeneration of cell membrane;
vacuolation in the cytoplasm, nuclei became
pyknotic and eccentric after 48 hrs. exposures to
malathion in Heteropneustes fossilis. After 96 hrs.
exposure they observed vacuolization, pyknotic and
eccentric nuclei, displacement of nuclei, rupture of
membrane, binucleate or multinucleate cells at
several areas and some cells became necrotic and
complete extrusion of nuclei. Moza et al., (1993)
studied effect of cadmium on liver of Carassius
auratus and observed necrotic cells, fibrosis,
granulotoma, dilated sinusoids with full RBC on
15" day and on 40" day they observed pathological
lesions in liver parenchyma, cell wall lysis, swollen
hepatocytes, granulated cytoplasm, vacuolation
within cytoplasm and hepatocytes lost polygonal
shape. Dwivedi and Sarin (1996) studied
histopathological changes in the liver of the cat fish
Heteropneustes fossilis induced by triaromatic
hydrocarbon.  They observed severe necrosis,
pyknosis and disintegration of hepatocytes cells on
the 30" day. The complete disintegration of
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Fig A) T.S. of liver of Puntus ticto (Control),
Haematoxylin/Eosin 100X

BC-Bile canaliculi, BS-Blood sinusoids
HC-Hepatocytes

N-Nucleus

L0 A Ty
Fig.C) T.S. of liver of Puntius ticto after 2.506 ppm
exposure dimethoate Haematoxylin/Eosin 200X
BC-Bile canaliculi, BS-Blood sinusoids
G-Granulotoma, NCR-Necrosis

Fig.E) T.S. of liver of Puntius ticto after 1.253 ppm
exposure to dimethoate, Haematoxylin/Eosin 100X
BC-Bile canalicule BS-Blood sinusoids
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Fig B) T.S. of liver of Puntius ticto after 5.012 ppm
exposure to dimethoate,Haematoxylin/Eosin 100X
BC-Bile canaliculi, BS-Blood sinusoids
BV-Blood vessel
DGS-Degenerated blood sinusoids
HR-Hemorrhage, IL-Islets of Langerhans
NCR-Necrsis

RN
-
:

Fig. D) T.S. of liver of Puntius ticto after 2.506
to dimethoate, Haematoxylin/Eosin 100X
BS-Blood sinusoids

G-Granulotoma

Fig.F) T.S. of liver of Puntius ticto after 1.253 ppm
exposure to dimethoate, Haematoxylin/Eosin 100X BC-
Bile canaliculi  BS-Blood sinusoids
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hepatocyte leading to tumor formation is indicative
of carcinogenic degeneration, oedema formation,
hypertrophy and atrophy were observed. Banerjee
and Bhattacharya (1997) reported the vacuolation of
the hepatocytes, pyknosis in many necrotic cells,
necrosis of the exocrine pancreatic tissue and
disintegration of sinusoids in the hepatopancreas of
Channa punctatus exposed to elsan, mercury and
ammonia for 90 days. Das and Mukherjee (2000)
observed marked swelling of hepatocytes, diffuse
necrosis, disrupted architecture of liver tissue,
distended sinusoids, damaged central veins and
degeneration of endothelial lining cells in Labeo
rohita treated with hexachlorocyclohexane. Cengiz
et al., (2001) studied effects of thiodon on the liver
of Gambusia affinis and observed degeneration,
hypertrophy, sinusoid enlargement, hemorrhage,
pycnosis, displacement of nuclei, vacuolization of
cell cytoplasm, infiltration of mononuclear
lymphocyte and congestion in liver. Similar results
were observed during present investigation. Sakr et
al., (2001) studied the effect of organophosphorus
insecticide (Hostathion) on the liver of the catfish
Clarias gariepinus and found liver cord disarray,
cytoplasmic vacuolization of the hepatocytes,
damage of blood sinusoid, blood vessel congestion
and inflammatory leucocytic infiltrations. Sakr and
Jamal (2005) observed cytoplasmic vacuolization of
hepatic cells, inflammatory leucocytic infiltrations,
congestion of blood vessel, necrosis and fatty
infiltrations in the liver of catfish Clarias
gariepinus exposed to fenvalerate. Ayoola and
Ajani (2008) observed severe necrosis, hemorrhage
and vacuolization in the liver of cypermethrin
treated fish Nile tilapia Oreochromis niloticus.
Velmurugan et al., (2009) observed cloudy swelling
of  hepatocytes,  congestion,  degeneration,
karyolysis, karyohexis, dilation of sinusoids and
nuclear hypertrophy in the liver of freshwater fish
Cirrhinus mrigala exposed to dichlorvos. Lawrence
and Ogbomida (2010) studied histopathological
effects of gammalin 20 on the liver of African
catfish Clarias gariepinus and observed mild
necrosis, swelling of blood vessels, pyknosis and
vacuolization. Radhakrishnan and Hemalatha
(2010) observed large number of hepatocytes with
pyknotic nuclei, dilated and congested hepatic
blood vessels, inflammatory leucocytic infiltration,
hepatocytes with marked cytoplasmic vacuolization,
distended sinusoids, marked swelling and
degeneration in the endothelial lining cells in the
liver of Channa striatus exposed to cadmium
chloride. Tripathi et al., (2011) studied lindane
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intoxication in the freshwater fish Catla catla and
reported swollen and ruptured parenchymal cells,
loss of cord structure, vacuoles filled with cellular
debris, focal necrosis and significant increase in
Kupffer cells. Hasina and Mithra (2014) studied
histopathological changes in the liver of
Heteropneustes fossilis under chlorpyrifos 20EC
intoxication and reported congestion of central vein,
degeneration ~ of  hepatocytes,  cytoplasmic
vacuolization, hepatocytes with pyknotic nuclei,
thrombosis  in  hepatoportal ~ blood  vessel,
hemorrhage around central vein and necrosis.
Lakshmaiah (2016) studied effect of phorate on the
liver of Cyprinus carpio and observed severe degree
of atrophy of liver cords, degeneration of
hepatocytes, cloudy swelling of hepatocytes,
nuclear hypertrophy and nuclear degeneration along
with focal necrosis. Srinivasarao et al., (2018)
observed prominent degeneration and necrosis,
degeneration of hepatocytes, prominent atrophy,
vacuolated cytoplasm, ruptured blood vessels and
disposition of hepatic cords in the liver
Ctenopharyngodon idella under deltamethrin 11%
EC exposure.
CONCLUSION: Significant Histopathological
alterations were observed in the liver of Puntius
ticto under dimethoate toxicity. swelling of
hepatocytes, vacuolation in the hepatocytes,
disorganized hepatic cords and loss of shape of
hepatocytes, cell necrosis and focal fibrosis,
Vacuolated hepatocyte with pyknotic and eccentric
nuclei and granulotoma. These histopathological
changes in the liver are not only dependent on the
concentration of the pesticide but also on the length
of the fish exposure period.
Acknowledgement

I am thankful to the Head, Department of
Zoology, Dr. Babasaheb Ambedkar Marathwada
University who allowed me all necessary facilities
to do my work. | am grateful to the Principal, Smt.
Meenalben Mehta College Panchagani Ta.
Mahabaleshwar, Dist. Satara for their kind help and
inspiration

REFERENCES

Annon, 1975. Recommendations of the committee on
methods for toxicity tests with fish, macro-
invertebrates and amphibians. EPA, Oregon p. 61.
Ayoola SO, and Ajani EK, 2008. Histopathological
Effects of cypermethrin on juvenile African catfish
(Clarias gariepinus). W. J. Biol. Res., 1(2):1-14.
Banaee M, Mirvaghefei AR, Majazi AB, Rafei GR,
Nematdost B, 2011. Hematological  and

ISSN: 2231-024X (Online)



Ganeshwade R. M.

Histopathological study of Experimental Diazinon
Poisoning in common carp fish (Cyprinus carpio). J of
Fish., (Iranian J of Natural Resources). 64(1): 1-14.
Banerjee S, and Bhattachharya S, 1997.
Histopathological changes induced by chronic nonlethal
levels of elsan, mercury and ammonia in the liver of
Channa punctatus (Bloch). J. Environ. Biol., 18 (2):141-
148.

Bhadbhade BJ, Sarnaik SS, Kanekar PP, 2002.
Bioremediation of an industrial effluent containing
monocrotophos. Curr. Microbiol., 45:346-349.
Bhattacharya S, Mukherjee S and Bhattacharya S,
1975. Toxic effects of endrin on hepatopancreas of the
teleost fish, Clarias batrachus (Linn.). Indian J. Expt.
Biol., 13: 185-186.

Cengiz, El, and Unlu E and Balci K, 2001. The
histopathological effects of thiodon on the liver and gut
of mosquito fish, Gambusia affinis. J. Environ. Sci.
Health., B 36 (1): 75-85.

Das BK and Mukherjee SC, 2000. A histopathological
study of carp (Labeo rohita) exposed to hexa chloro-
cyclo hexane. Veterinarski Arhiv., 70(4): 169-180.

Dutta HM, 1996. A composite approach for evaluation
of the effects of pesticides on fish. In: Fish morphology,
(Eds) J.S.D. Munshi and H.M. Dutta. Science Publishers
Inc.

Dutta HM, Adhikari S, Singh NK, Roy PK and
Munshi JSD, 1993. Histopathological changes induced
by malathion in the liver of a freshwater catfish,
Heteropneustes fossilis (Bloch). Bull. Environ. Contam.
Toxicol., 51: 895-900.

Dwivedi HR and Sarin R, 1996. Histopathological
changes in the liver of the cat fish, Heteropneustes
fossilis induced by Tri-Aromatic Hrdrocarbon. J.
Ecotoxicol. Environ. Monit., 6(4):273-278.

Finney DJ, 1971. Probit analysis 3™ ed. Cambridge
University Press. P. 50-80.

Hanumante MM, Kulkarni SS and Deshpande UD,
1981. Histopathological changes in neuro-
hepatopancreas of fresh water fish Channa gachua
following the chronic exposure to two molluscicide,
Mercury chloride and sodium pentachlorophenol. Biol. J.
Vol. 111 (1): 64-65.

Hanumante MM, Kulkarni SS and Deshpande UD,
1981. Histopathological ~ changes  in  neuro-
hepatopancreas of fresh water fish Channa gachua
following the chronic exposure to two molluscicide,
Mercury chloride and sodium pentachlorophenol. Biol. J.
Vol. 1 (1): 64-65.

Hasina BB, Mishra D, 2014. Histopathological changes
in liver tissue of Heteropneustes fossilis exposed
Chlorpyrifos (20% EC). Ind J App. Res., 4(7) :237-240.
John P, 2007. Alteration of certain blood parameters of
freshwater teleost Mystus vittatus after chronic exposure
to Metasystox and Sevin. Fish Physiol. Biochem., 33: 15-
20.

Kamble SB, 1983. Effect of pesticide on fresh water fish
Lepidocephalichthys thermalis (C&V) from Marathwada

https://jbsd.in

10

region. Ph.D. thesis, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad.

Khalid S, Shakeela S and Wagh SB, 1986, Chronic
toxicity of suquin (quinalphos 25% w/w) in two
freshwater cyprinid fishes, Barbus ticto and Rasbora
daniconius (Ham)-Effect on glycogen and protein in liver
and muscles. J. Curr. Biosci., 3(4): 135-138.

Kumar S and Pant SC, 1981. Histopathological effects
of acutely toxic levels of copper and zinc in gills, liver
and kidney of Puntius conchonius (Ham). Ind. J. Expt.
Biol., 19: 191-194.

Lakshmaiah G, 2016. Effect of phorate lethal
concentrations on the histological aspects of liver in
common carp, Cyprinus carpio (Linnaeus,1758). Int. J.
Chem. Stud., 4 (4): 06-09.

Lawrence E and TE  Ogbomida, 2010.
Histopathological effects of Gammalin 20 on African
Catfish (Clarias gariepinus). App. Environ. soil Sci.,
Hindawi Publishing Corporation, Article ID 138019 P-8.
Mandel PK and Kulshrestha AK, 1980.
Histopathological changes induced by the sublethal
concentrations of sumithion in Clarias batrachus (Linn).
Indian J. Expt. Biol., 18(5): 547-552.

Moza U, Glazerbook J and Mitchell BM, 1993.
Pathological response of gold fish, Carassius auratus (L)
to cadmium at sublethal levels. Third Ind. Fish. Forum.
Proceedings, Pantnagar, 11-14 oct. pp.181-189.
Nagratnamma and Ramamurthi R, 1982. Metabolic
depression in the freshwater teleost Cyprinus carpio
exposed to an organophosphate pesticide. Curr. Sci., 51
(B): 668-669.

Palmes ED, 1976.Measurement and sub-clinical effects
of chemicals. Clin. Toxicol., 9: 723.

Radhaiah V and Rao KJ, 1992. Fenvalerate toxicity to
the liver in a freshwater teleost Tilapia mossambica
(Peter). Comp. Physiol. Ecol., 17(2): 48-53.
Radhakrishnan MV, and S Hemalatha, 2010.
Sublethal Toxic Effects of Cadmium Chloride to Liver of
Freshwater Fish Channa striatus (Bloch). Am-Euras. J.
Toxicol. Sci., 2(1): 54-56.

Ramlingam K, 1988. Effect of DDT, malathion and
mercury on the liver histomorphology of the fish,
Sarotherodon mossambicus. Environ. Ecol., 6(3): 761-
762.

Robert T and Summerfelt RC, 1975. Cadmium
induced histopathological changes in gold fish, pathology
of fishes, W. E. Ribelin and George Migaki (Eds). 613-
641.

Rodrigues EL, Fanta E, 1998. Liver histopathology of
the fish Brachydanio rerio after acute exposure to
sublethal levels of organophosphate dimethoate 500. Rev.
Bras. Zool., 15:441-450.

Sakr SA and SM, Jamal al Lail 2005. Fenvalerate
Induced Histopathological Changes in the Liver of the
Catfish Clarias gariepinus. J. App. Sci. Res., 1(3): 263-
267.

Sakr SA, SM, Hanafy NE EI-Desouky, 2001.
Histopathological, histochemical and physiological
studies on the effect of the insecticide, hostathion on the

ISSN: 2229-3469 (Print)



Bioscience Discovery, 12(1):05-11, Jan. - 2021

liver of the cat fish Clarias gariepinus. Egypt. J. Aqua.
Biol. Fish, 6(2):103-124.Sastry KV and Sharma SK,
1979. The effect of endrin on histopathological changes
in the liver of Channa punctatus (Bloch). Bull. Environ.
Contam. Toxicol., 20: 674-677.

Segnar H, 1998. Isolation and primary culture of teleost
hepatocytes. Comp. Biochem. Physiol. A Mol. Integrative
Physiol., 120:71-80.

Srivastava AK and Srivastava AK, 1994. Effect of
chlordecone on the gonads of freshwater catfish,
Heteropneustes fossilis. Bull. Environ. Contam. Toxicol.,
53:186-191.

Tilak KS, Veerajah K., Thathaji, PB and Butchiram
MS, 2007. Toxicity studies of butachlor to the freshwater
fish, Channa punctatus (Bloch). J. Environ. Biol., 28:
485-487.

How to cite this article

Tripathi M, Mishra RP, Girdoniya V, 2011
Histopathological changes in liver of a Teleost fish Catla
catla treated with 1.2% Lindane. J Fish. Aqua., 2(1):17-
19.

Van Dyk JC and GM Pieterse, 2008. A histo-
morphological study of the testis of the sharp tooth
catfish (Clarias gariepinus) as reference for future
toxicological assessments. J. Appl. Ichthyol., 24: 415-
422,

Velmurugan B, M Selvanayagam, El Cengiz and E
Unlu, 2009. Histopathological Changes in the Gill and
Liver Tissues of Freshwater fish, Cirrhinus mrigala
Exposed to Dichlorvos. Braz. Arch. Biol. Technol., 52
(5):1291-1296.

Ganeshwade RM and VD Jadahav, 2021. Histopathological changes induced by dimethoate in the liver of
freshwater fish Puntius ticto (Ham). Bioscience Discovery, 12(1):05-11.

Google Scholar citation: https://scholar.google.co.in/citations?user=vPzEyC8AAAAJ&hl=en

https://biosciencediscovery.com

11

ISSN: 2231-024X (Online)


https://scholar.google.co.in/citations?user=vPzEyC8AAAAJ&hl=en

