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Abstract

Pesticides are transported into aquatic ecosystems, where they enter organisms via food webs and water contact. Given the
significance of fish in the food chain, studies on the impacts of pollutants on fish are crucial in determining the consequences
of pollutants on human health. For the management of insect pests, Endosulfan is an organochlorine insecticide that is
neurotoxic. Organochlorides are the most prevalent toxin in the aquatic environment. The aquatic food chain is disrupted by
the application of this insecticide, which is particularly dangerous to fish. Fish tissue can be examined histopathologically to
identify disease-related early warning signs as well as long-term damage to cells, tissues, and organs.

We report here that Endosulfan exposure caused significant histopathological changes in the muscle, including muscle fibres
splitting, broken myofibrils, disintegration of the muscle bundle, and gap formation in myofibrils, at various sub-lethal
concentrations (0.216, 0.43, and 0.86 g/l) for various time periods (5, 10, and 15 days). With a rise in the time and
concentration of Endosulfan, there is a corresponding increase in necrosis, inflammatory reactions, infiltration of blood cells,
and dystrophic alterations demonstrating separation of the muscle bundle of Clarias gariepinus (Burchell, 1822) muscle.
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Introduction

Due to their widespread use in reducing pest species,
pesticides are frequently discovered in aquatic ecosystems
such as streams, rivers, and ponds at various concentrations.
Pesticides get into water bodies through a variety of
mechanisms, including surface runoff from application
locations, direct overspray, drift, air transfer, individual
misuse, and incorrect disposal. Pesticides are carried into
aquatic habitats and enter creatures through food webs and
water contact. Because aquatic ecosystems are the ultimate
sink for pesticides, their health is harmed (Mohammad et
al., 2019) [8l,

Endosulfan is a neurotoxic organochloride insecticide from
the cyclodiene family that damages DNA strands and
interferes with DNA strand repair in addition to altering
cells' damage response mechanisms. Even non-target
creatures like fish may be at risk since it may change their
physiology, metabolism, behaviour, and fecundity,
compromising the survival of the population (Altinok &
Capkin, 2007; Islam et al., 2021) [ 0 Because they
distinguish between control and test groups and have been
used to evaluate the health of fish exposed to pesticides,
histopathological examinations are an effective indicator of
environmental pollution (Akhter & Saha, 2013; Biuki et al.,
2013; Sharma & Jindal, 2020) [+ 22,

Endosulfan and other pollutants, such as plastics, have a
well-documented negative impact on a variety of aquatic
creatures (Ganeshwade, 2011; Albano et al., 2021,
Kuriakose et al., 2022; Verma et al., 2022a, b) ® 2%, Gopal
et al., (1981) examined the acute toxicity of Endosulfan to
freshwater species, and the findings indicated that frog
tadpoles are more susceptible to Endosulfan than aquatic
bug nymphs and catfishes. Acute Endosulfan 35EC

(Endocel) toxicity was seen by Mane and Muley (1984) [6]
to cause dose-related behavioural changes and mortality in
two freshwater bivalve molluscs. Endosulfan was
discovered to be severely hazardous to nine different species
of tadpoles by Jones et al., in 2009. Parikh et al., (2010)
Y1 also reported moderate to severe alterations in muscles of
freshwater fish Oreocromis mossambicus treated with
Dimethoate. Because of its high protein, mineral, and
unsaturated fatty acid content as well as low fat content, fish
muscle is a vital and important component of human diet
that has been shown to have cardiac protective effects.
Control group muscle displayed typical architecture,
consisting of elongated muscle fibres joined by connective
tissues and having a spherical nucleus (Sumi & Chitra,
2017) 31,

Material and Methods

Clarias gariepinus spawns weighing 12-13 gm and length
of 10-11 cm were collected from local fish market and
brought live to the laboratory. The fishes were reared in tank
of 100-liter capacity. The fishes were acclimatized under
laboratory conditions for 15 days and were fed with fish
food at every 24 h interval. After 15 days of acclimatization,
the fishes were treated with Endosulfan 35% EC (Endocel).

Chronic Toxicity Studies

Chronic Toxicity measures long-term effects of exposure
(typically 21-28 days). Sub lethal or safe level
concentrations were derived from 96h LCso (APHA, 1992).
In the present study the 96 h LCs value of Endosulfan in
Clarias gariepinus, was found to be 4.355ug/l with a 95%
confidence limit ranging from 3.428ug/l (lower confidence
limit) to 5.651ug/l (upper confidence limit). LCso values of
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24, 48 and 72 h of Endosulfan in Clarias gariepinus are
5.912ug/l, 5.459ug/l, 4.927ug/1 respectively. Chi-square test
showed that the calculated values were less than the table
values and is significant (p<0.05). The kidney tissue from
each fish sample were dissected out after the fixed period of
treatment, fixed in Bouin’s fluid for 24 hours and processed
for Delafield’s Haematoxylin — Eosin staining as per the
method described by Humason (1962) (81,

Result & Discussion

In the present work, it is observed that the muscle tissue of
Clarias gariepinus exposed to Endosulfan exhibited
histopathological changes like splitting of muscle fibres,
dilation of dermal blood cells, infiltration of blood cells,
congestion of dermal blood cells, muscle degradation,
oedema between muscle fibres, swelling between muscle
fibres, necrosis, widening of inter myofibrilar spaces leading
to disintegration of myofibrils, degeneration of muscle
bundle, gap formation in myofibrils, inflammatory
responses, vacuolar degeneration, degeneration of muscle
fibres and atrophy. The severity of damage is directly
proportional to the time of exposure and concentration of
Endosulfan. At highest concentration with maximum
exposure clearly shows diverse effects on fish muscle (Figs.
1-12). Results of the present study agree with those
observed by many other investigators who have studied the
effects of different pollutants on fish muscles. The changes
like necrosis, oedema, destruction of muscle fibres, dilation
of blood vessels are in accordance with results obtained by
El-Serafy et al., (2005) Bl who worked on the
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histopathological changes induced on the muscle of
Oreochromis niloticus. Mohammed (2009) 11 observed
several histological alterations caused by in the muscles of
Tilapia zillii and Solea vulgaris, including degeneration in
muscle bundles with focal areas of necrosis, atrophy of
muscle bundles and oedema between muscle bundles.
Parikn et al., (2010) [9 reported separation and
degeneration of muscles, atrophy of muscle bundles and
focal area, vacuolar degeneration and splitting of muscle
fibres in freshwater fish Oreocromis mossambicus treated
with Dimethoate. Ramesh & Nagarajan (2013) 2 reported
markable changes in the histopathology of muscle tissue
Clarias batrachus when exposed to untreated and treated
sago effluent. Ibrahim et al., (2013) [ studied
bioaccumulation of non-essential heavy metals Cadmium
and Lead and their histopathological impact on muscles of
Clarias gariepinus. Jeheshadavi et al., (2014) 4 observed
infiltration and inflammatory responses in fishes exposed to
sublethal ~ concentrations  of  various  pesticides.
Histopathological changes like ooedema, splitting of muscle
fibres, separation of muscle fibres, necrosis and vacuolar
degeneration were noticed during exposure of fish Etroplus
maculates to sublethal concentrations of Fluben Diamide
(Reethamma, 2014) [2Y, Kazempoor et al., (2015) [ also
observed histopathological changes like necrosis and
inflammation in muscle cells of Acantopagrus latus due to
water soluble fraction of Iranian crude oil. Kaur et al.,
(2018) ¥ studied histopathological effect of heavy metal
contaminated water on muscle of Clarias batrachus with
similar results as found in the present study.

Figs 1-4: Section of muscle of control and treated fish, Clarias gariepinus. Fig. 1. Section showing intact myofibrils of muscle
tissue in the control fish (arrows) (Haematoxyline- Eosine x100). Fig. 2. Fish exposed to 0.215ug/l Endosulfan for 5 days
depicting splitting of muscle bundle (asterix) and broken myofibrils (arrowheads) (Haematoxyline- Eosine x40). Fig. 3. Fish
exposed to 0.43ug/l Endosulfan for 5 days showing broken myofibrils (arrow), oedema between muscle fibres (arrowheads)
and disintegrated muscle fibres (asterix) (Haematoxyline- Eosine x40). Fig. 4. Fish exposed to 0.86ug/l Endosulfan for 5 days
showing muscle degradation (asterix) oedema between muscle fibres (arrow) and increased intermyofibrilar spaces
(arrowhead) (Haematoxyline- Eosine x120).
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Figs 5-8: Section of muscle of treated fish, Clarias gariepinus. Fig. 5. Fish exposed to 0.215ug/l Endosulfan for 10 days
showing intercellular oedema (arrow), broken myofibrils (asterix) and increased intermyofibrilar spaces (arrowhead)
(Haematoxyline- Eosine x250). Fig. 6. Fish exposed to 0.43ug/l Endosulfan for 10 days showing increased intermyofibrilar
spaces (arrows), disintegrated myofibrils (arrowheads) and muscle degradation (asterix) (Haematoxyline- Eosine x40). Fig. 7.
Fish exposed to 0.86pg/l Endosulfan for 10 days showing dystrophic changes like separation of muscle bundle (asterix) and
widened intermyofibrilar spaces leading to disintegration of myofibrils (arrowheads) (Haematoxyline- Eosine x40). Fig. 8.
Fish exposed to 0.86pg/l Endosulfan for 10 days showing necrosis (asterix) and oedema between the muscle fibres
(arrowheads) (Haematoxyline- Eosine x150).

Figs 9-12: Section of muscle of treated fish, Clarias gariepinus Fig. 9. Fish exposed to 0.215ug/l Endosulfan for 15 days
showing muscle degeneration (asterix) (Haematoxyline- Eosine x100). Fig. 10. Fish exposed to 0.43ug/l Endosulfan for 15
days showing necrotic areas (arrows), increased intermyofibrilar spaces (arrowheads), swelling between muscle fibres (asterix)
(Haematoxyline- Eosine x250). Fig. 11. Fish exposed to 0.43ug/l Endosulfan for 15 days showing disoriented muscle fibres
(asterix), broken myofibrils (arrowheads), increased intermyofibrilar spaces (arrow) (Haematoxyline- Eosine x100). Fig. 12.
Fish exposed to 0.86ug/l Endosulfan for 15 days showing disintegrated myofibrils (arrowheads), broken muscle (white arrow)
and swelling in muscle fibres (arrows) (Haematoxyline- Eosine x200).

14



International Journal of Multidisciplinary Research and Development

Acknowledgements

The help rendered by Dr. S. S. Bakare, Principal, Shri
Dnyanesh Mahavidyalaya, Navargaon (MS) and Dr. R. J.
Andrew, Director, Centre of Higher Learning and Research
in Zoology, Hislop College, Nagpur (MS) are gratefully
acknowledged.

References

1.

10.

11.

12.

13.

Akhter MA, Saha AK. Effects of Fenitrothion on some
histo-architecture of freshwater fish Channa punctatus.
IOSR  Journal of Pharmacy and Biological
Sciences,2013:5(6):27-32.

Albano PG, Steger J, Bosnjak M, Dunne B, Guifarro Z,
Turapova E, HUA Q et al. Native biodiversity collapse
in the eastern Mediterranean. Proceedings Royal
Society B, 288: 20202469.
https://doi.org/10.1098/rspb.2020.2469

Altinok I, Capkin E. Histopathology of rainbow trout
exposed to sublethal concentrations of Methiocarb or
Endosulfan. Toxicologic Pathology,2007:35:405-410.
Biuki NA, Savari A, Mortazavi M, Salamat N,
Zolgharnein H. Histological responses of Milkfish,
Chanos chanos, liver under petroleum hydrocarbon
exposure.  Middle-East  Journal  of  Scientific
Research,2013:13(10):1406-1412.

EL-Serafy SS, Ibrahim SA, Mahmoud SA. Biochemical
and histopathological studies on the muscles of the Nile
tilapia (Oreochromis niloticus) in Egypt. Egyptian
Journal of Aquatic Biology and Fisheries,2005:9(1):81-
96.

Ganeshwade RM. Biochemical changes induced by
Dimethoate in the liver of freshwater fish Puntius ticto
(Ham.). Biological Forum - An International
Journal,2011:3(2):65-68.

Gopal K, Khanna RN, Anand M, Gupta GSD. The
acute toxicity of Endosulfan to fresh-water organisms.
Toxicological letters,1981:7(6):453-456.
Humason GL. Animal Tissue Techniques.
Freeman and Co., San Francisco, 1962, 469.
Ibrahim SA, Authman MMN, Gaber HS, EL-Kasheif
MA. Bioaccumulation of heavy metals and their
histopathological impact on muscles of Clarias
gariepinus from El-Rahawy drain, Egypt. International
Journal of Environmental Science and
Engineering,2013:4:57-73.

Islam MJ, Kunzmann A, Slater MJ. Responses of
aquaculture fish to climate change-induced extreme
temperatures: A review. Journal of the World
Agquaculture Society,2021:53(2):314-366.
https://doi.org/10.1111/jwas.12853

Jeheshadavi AK, Ramya TM, Sridhar S, Chandra JH.
Histological alteration on the muscle and intestinal
tissue of Catla catla exposed to lethal concentration of
Naphthalene. International Journal of Applied
Engineering Research,2014:9(2):159-164.

Jones DK, Hammond JI, Relyea RA. Very highly toxic
effects of Endosulfan across nine species of tadpoles:
Lag effects and family-level sensitivity. Environmental
Toxicology,2009:28(9):1939-1945.

Kaur S, Khera KS, Kondal JK. Effect of water
contaminated with heavy metals on histopathology of
freshwater catfish, Clarias batrachus. International
Journal of Chemical Studies,2018:6(4):3103-3108.

W.H.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

www.allsubjectjournal.com

Kazempoor R, Haghighi KAA, Motallebi AA, Alaie E,
Marammazi GJ, Roshani A.. Histopathological changes
of water soluble fraction of Iranian crude oil in muscle
of vyellow fin sea bream (Acanthopagrus latus).
International Journal of Biosciences,2015:6(2):451-459.
Kurikose S, Sawarkar DB, Verma P. Histopathological
effect of the insecticide imidacloprid on the liver of
Clarias gariepinus (Burchell, 1822) (Siluriformes:
Clariidae). International Journal of Fisheries and
Aquatic Research,2022:7(2):52-56.

Mane UH, Muley DV. Acute toxicity of Endosulfan
35EC to two freshwater bivalve molluscs from
Godavari River at Maharashtra State, India. Toxicology
Letters,1984:23(2):147-155.

Mohammed FAS. Histopathological studies on Tilapia
zillit and Solea vulgaris from Lake Qarun, Egypt.
World Journal of Fish and Marine
Sciences,2009:1(1):29-39.

Mohammad M, Qadri H, Bhat R, Rashid A, Ganie S,
Hamid DAR G, Rehman S. Heavy metal contamination
in two commercial fish species of a trans-Himalayan
freshwater ecosystem. Environmental Monitoring and
Assessment, 2019, 191. 10.1007/s10661-019-7245-2.
Parikh PH, Rangrez A, Adhikari- Bagchi R, Desai BN.
Effect of Dimethoate on some histoarchitecture of
freshwater fish Oreocromis mossambicus (Peters,
1852). The Bioscan,2010:5(1):55-58.

Ramesh F, Nagarajan K. Histopathological changes in
the muscle tissue of the fish Clarias batrachus exposed
to untreated and treated sago effluent. Advances in
Bioscience and Bioengineering,2013:1(2):74-80.
Reethamma OV. Histopathological studies on selected
teleost fishes exposed to selected pesticides in the paddy
fields of lower Kuttanad area. UGC Minor research
project report. Order No  MRP(S)-1226/11-
12/KLMG034/UGC —SWRO, 2014.

SHARMA R, JINDAL R. Assessment of cypermethrin
induced hepatic toxicity in Catla catla: A multiple
biomarker approach. Environmental Research, 2020,
184. https://doi.org/10.1016/j.envres.2020.109359
SUMI N, CHITRA KC. Histopathological alterations in
gill, liver and muscle tissues of the freshwater fish,
Pseudetroplus maculatus exposed to fullerene C60.
International Journal of Fisheries and Aquatic
Studies,2017:5(3):604-608.

Verma P, Kurikose S, Sawarkar DB. Histopathological
effect of Endosulfan on the kidney of Clarias
gariepinus (Burchell, 1822) (Siluriformes: Clariidae).
Biological Forum - An International
Journal,2022a:14(1):1439-1443.

Verma P, Kurikose S, Sawarkar DB. Histopathological
effect of Endosulfan on the liver of Clarias gariepinus
(Burchell, 1822) (Siluriformes: Clariidae). Journal of
International Academic Research for
Multidisciplinary,2022b:10(2):1-10.

15



