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Abstract

In the present investigation, adult live specimens of edible freshwater cyprinid, Labeo rohita were
procured from local fish market at Hambran road, Ludhiana, Punjab from December 2016 to June 2017
and various fish tissues (liver, muscle and kidney) were processed for heavy metal estimation and
histopathological studies. The observations on histopathology included several hepatic lesions viz.
cytoplasmic degeneration, severe necrosis, melano-macrophage centres, infiltration of leukocytes,
pyknosis and nuclear degeneration. Shortening and elongation of muscle bundles were well-marked in
muscle tissue. Renal alterations included edema, irregular diameters, degeneration and atrophy of renal
tubules. The results reflected that the content of toxic heavy metals (arsenic, chromium, cadmium,
manganese and lead), which were beyond the permissible limits (WHO/FAQO), might have led to
variations in histo-architecture of vital organs i.e. liver and kidney. However, the content of chromium
and manganese exceeded the prescribed limits in muscle tissue which might have caused the histological
alterations.
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1. Introduction

Contamination of aquatic bodies with a vast array of pollutants has seriously increased the
worldwide attention. Anthropogenic activities resulting from modern agricultural practices,
rapid urbanization and industrialization involve the increased release of various chemical
pollutants and toxicants, such as industrial effluents, biocides, pesticides, heavy metals etc.
which ultimately reach the aquatic environments and become responsible for their degradation
(1.2 Among these pollutants, heavy metals have been recognized as strong biological poisons
because of their persistent nature, toxicity, tendency to get accumulated in organisms and
undergo biomagnification 34,

The term ‘heavy metal’ refers to any metal or metalloid that has relative atomic density greater
than 4g/cm3 or 5g/cm? and is toxic even at very low concentrations > €. Heavy metals are
environmentally ubiquitous. They get easily dissolved and are transported by water to be
readily taken up by aquatic biota. Due to its high toxicity, long persistence and non-
biodegradable nature in the food chain, they constitute a core group of aquatic contaminants
causing cellular toxicity, mutagenicity and carcinogenicity in animals [ €,

Among the aquatic fauna, fishes are the valuable organisms in the study of heavy metal
pollution, because they explore freely among the different trophic levels in an aquatic
environment [ 19, Fish fauna assimilate heavy metal contaminants by different ways like
intake of particulate matter suspended in water, ion-exchange of dissolved heavy metals across
lipophilic membranes (gills) and adsorption on surface of tissues and membrane. Heavy metal
distribution among different fish tissues also depends upon the mode of exposure (dietary or
aqueous) 11,

Histopathological changes are used as biomarkers to evaluate the overall health of fish
exposed to contaminants 2, The major advantage of using such markers in environmental
monitoring is that it allows examining specific vital organs including liver, gills and kidney
that are responsible for fundamental functions such as accumulation and biotransformation of
xenobiotics, excretion and respiration in fish 31 Liver is associated with the detoxification
and biotransformation due to its position, function and blood supply and also, it is one of the
organs most vulnerable to damage caused by variety of toxicants 'l Kidney is an important
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organ for the maintenance of homeostasis with respect to
water and salts, metabolic waste excretion from blood and
partially for the metabolism of xenobiotics > 161, Basically,
liver and kidney are considered as the crucial organs suitable
for histopathological examination in order to study the
damage to cells and tissues " 1, Degenerative changes in
muscle tissue have also been noted as sign of exposure to
environmental toxicants like heavy metals or pesticides [** 21,
Therefore, in the present study, heavy metal induced
histopathological alterations were examined in different
tissues (liver, muscle and kidney) of edible and commercially
important cyprinid fish, L. rohita (Hamilton) procured from
local fish vendors of Ludhiana, Punjab vis-a-vis cultured fish.

2. Material and Methods

2.1 Procurement of the fish

Live specimens of adult freshwater cyprinid, Labeo rohita,
irrespective of size, weight and sex were procured from local
fish market at Hambran road in Ludhiana city (30°56°N;
75°52°S) from December 2016 to June 2017. Source of
captured fish, as told by fish vendors, was from different
districts of Punjab State (India) and local fish ponds of
Ludhiana city and Sutlej River. Similarly, control fish i.e.
Labeo rohita was procured from fish culture ponds, College
of Fisheries, Guru Angad Dev Veterinary and Animal
Sciences University (GADVASU), Ludhiana.

2.2 Analysis of heavy metals

Heavy metals in fish were estimated using Inductively
Coupled Argon Plasma Atomic Emission Spectrophotometer
(ICAP-AES, Thermo iCAP-6300) as recommended by
Yousafzai et al 2. The samples (liver, muscle and kidney)
were processed for the estimation of eight heavy metals i.e.
arsenic, cadmium, chromium, copper, manganese, nickel, lead
and zinc.

2.3 Histopathological studies
Adult fish samples were dissected and different tissues (liver,
muscle and kidney) were removed, excised of fat and
adhering tissues. The representative samples were carefully
preserved in labeled sampled bottles containing aqueous
Bouin’s fixative for 24 hours.

2.3.1 Tissue processing, sectioning and staining

After complete fixation in aqueous Bouin’s solution for 24
hours, the tissues were dehydrated in ascending series of
ethanol, cleared in xylene and embedded in paraffin wax
(melting point between 58-60 °C). 4-6um thick sections were
cut with the help of rotary microtome.

After usual de-waxing with xylene followed by rehydration in
descending series of ethanol, the sections were stained in
haematoxylin, counterstained with eosin, dehydrated in
ascending ethanol series, cleared in xylene and mounted in
DPX 22, The slides were observed under compound light
microscope at 100X and 400X magnification and
photomicrographs were taken using digital camera (Olympus
CH20i). Changes in various tissues of cyprinid were observed
and compared with the control fish for the determination of
histological alterations.

3. Results and Discussion

3.1 Histopathology of liver

In the present study, the liver of control fish showed typical
compact histo-architecture which was characterized by
normal hepatocytes containing granular cytoplasm and nuclei
and presence of sinusoids as shown in Fig. 1A, B. On the
contrary, sections of liver of market cyprinid revealed various
alterations such as, cytoplasmic degeneration, severe cell
death, melano-macrophage centres (Fig. 1C), presence of
pyknotic nuclei, mild necrosis (Fig. 1D), nuclear
degeneration, hyper-vacuolization. Infiltration of leukocytes
in sinusoids were also noticed (Fig. 1E). Disruption of normal
hepatocytes in addition to hemorrhage, vacuolization of
hepatocytes, rupture of blood vessels (Fig. 1F) were found to
be the well-marked changes in histology of liver. The
alterations in histo-architecture of liver were probably due to
the accumulation of heavy metals i.e. arsenic (1.85 ppm),
cadmium (2.43 ppm), chromium (1.71 ppm), lead (9.66 ppm)
and zinc (58.02 ppm) beyond the certified limits as shown in
Table 1.

Previous studies reported that the histological changes in the
liver were not metal specific but due to the response of
toxicants in the fish body 221, Sorenson et al. > derived a link
between metal exposure and lesions in liver. Our results are
well supported by the work of Saini ! who recorded severe
histopathological lesions such as infiltration of lympho-
nuclear cells, degeneration of hepatic parenchyma and
deformation of hepatocytes, induced by heavy metals, in liver
of L. rohita caught from natural freshwaters of Punjab. Under
laboratory conditions, Chavan and Muley [® exposed
Cirrhina mrigala to sub-lethal concentration of lead acetate
and examined several pathological changes in liver tissue
such as cytoplasmic vacuolation, congestion in sinusoids and
venules and focal necrosis. Likewise, Jalaludeen et al. 2]
noticed many prominent alterations in hepatic tissue of
Tilapia mossambica which included severe damage, marked
proliferation of ducted cells, conversion of liver tissue into
sponge mass and large vacuoles after exposure to cadmium
sulphate. Patnaik et al. ?®1too, exposed Cyprinus carpio to the
sub-lethal concentration of lead and cadmium and found
hypertrophy of hepatocytes, vacuolation and metal
accumulation in lead treated liver. However, pyknotic nuclei,
severe necrosis and vacuolization were well marked in
cadmium treated liver. Complete disintegration of liver tissue
and marked necrosis was detected by Mary et al. % in C.
mrigala following exposure to lead nitrate.

Similarly, liver lesions were observed in C. gariepinus and
Mugil capito inhabiting Manzalah lake (Egypt) which
included degeneration, necrosis in hepatocytes, hemosidrin in
liver of C. gariepinus whereas fatty degeneration, hemolysis,
hemorrhage, edema and congestion of blood sinusoids were
noted in M. capito %, Histopathological alterations in the
liver of both the fish species might be due to the direct result
of fertilizers, salts and sewage, which entered the lake with
the drainage water as noted by Tayel et al. B who recorded
similar histological variations in liver of Mugil species living
in same lake.
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Table 1: Level of heavy metals in different tissues of market cyprinid fish with respect to control fish

Tissues Liver Muscle Kidney Certified limits
Element Control Market Control Market Control Market (WHO/FAO)

Arsenic 0.64+0.11 1.85+0.21* 0.68+0.12 0.55+0.15 0.35+0.11 1.49+0.15* 1.00
Cadmium 0.77+0.074 2.43+0.25* 0.069+0.02 0.12+0.04 0.55+0.12 1.71+0.15* 1.00
Chromium 0.027+0.07 1.71+0.14* 0.025+0.005 1.31+0.28* 0.02+0.007 1.86+0.21* 0.05
Copper 5.21+0.76 4.07+0.74 2.65+£0.34 2.87+£0.65 1.71+0.13 4.26+0.49 10.00
Manganese 0.21+0.06 2.86£0.17* 0.32+0.05 2.16+£0.19* 0.26+0.07 2.67+0.24 5.00
Nickel 0.305+0.05 1.42+0.16 0.28+0.06 0.26+0.07 0.29+0.03 0.55+0.15 80.00
Lead 3.84+0.26 9.66+1.46* 3.55+0.21 4.32+0.16 3.42+0.40 8.06+0.64* 5.00
Zinc 39.99+1.66 58.02+4.05* 34.34+2.14 36.29+3.17 33.41+4.64 54.55+5.31* 50.00

Values are MeantSE

Values with * (in a column) reveal significant difference at p < 0.05 for each tissue of market fish with respect to control fish

3.2 Histopathology of muscle

Histological study of muscle tissue of the control cyprinid
showed various layers i.e. epidermis, dermis, myo-epithelium
and normal myotomes with equally spaced muscle bundles
which indicated the fish to be in unstressed conditions (Fig.
2A, 2B). In contrast, muscle tissue of market cyprinid (L.
rohita) exhibited prominent changes like shortening of muscle
bundles, edema and necrosis (Fig. 2C, 2D). Elongation of
muscle bundles was also observed (Fig. 2E, 2F).

The results indicate that the alterations in muscle tissue of L.
rohita might have occurred due to significantly high
concentration of chromium (1.31 ppm) and manganese (2.16
ppm) and their accumulation beyond the prescribed limit in
the muscle tissue (Table 1). Although, muscle is the most
edible part of fish body but it is also the tissue which is in
close contact with pollutants dissolved in water [32 3,
According to Saad et al. 34, if fish inhabiting polluted water
displayed epithelial lesions in muscle tissue then that would
most probably be invaded by micro-organisms which might
cause severe epidermal pathology, resulting in degeneration
of muscle bundles.

The results of present study on market carp are corroborated
by the findings of Abbas and Ali ¥, who noted several
histological variations such as destruction and vacuolation in
the muscle cells of Oreochromis species, following exposure
to chromium. Likewise, Patnaik et al. (8 studied the histology
of C. carpio exposed to sub-lethal concentrations of lead
cadmium. The authors reported marked thickening and
separation of muscle bundles with intracellular edema.
Similarly, degeneration of muscle bundles along with the
aggregation of inflammatory cells between them, focal areas
of necrosis, vacuolar degeneration in muscle bundles and
atrophy of muscle bundles have been reported in fish exposed
to different pollutants [®1.  Several histopathological
alterations were also induced by Cauvery river pollutants in
muscle tissue of L. rohita which included shortening of
muscle bundles, severe intra muscular edema and necrosis of
muscle bundles. All these changes indicated the fish under
highly stressful conditions due to more polluted region
receiving effluents from industrial complex 7],

3.3 Histopathology of kidney

Kidney is a vital organ of excretion and osmoregulation and it
also helps in maintaining the homeostasis. It is also
responsible for selective reabsorbtion, which helps in
maintaining volume and pH of blood and body fluids and
erythropoieses [8.In the control fish, sections of kidney
revealed normal architecture which consists of Bowman’s
capsule closely arranged in renal tubules (Fig. 3A, 3B).
However, histology of kidney of market cyprinid exhibited
atrophy of renal tubules, aggregation of inflammatory cells,
loss of cellular integrity of renal tubules and degeneration of

renal tubules (Fig. 3C, 3D). Various alterations such as
irregular diameters of renal tubules, few necrotic areas and
infiltration of edematous fluid between renal tubules were
also noted (Fig. 3E, 3F). The histopathogical alterations
observed in the present study may be correlated with high
content of heavy metals such as arsenic (1.49 ppm), cadmium
(1.71 ppm), chromium (1.86 ppm), lead (8.06 ppm) and zinc
(54.55 ppm) and its accumulation in the kidney tissue beyond
the prescribed limit by WHO/FAO as depicted in Table 1.
Similar histopathological changes i.e. enlargement of renal
tubules, desquamation of epithelial lining, hypertrophied
nuclei, edema, dilation of renal tubules, severe necrosis,
pyknotic nuclei, vacuolization, disorganized blood capillaries
in glomerulus were induced in kidney of Channa punctatus
following exposure to sub-lethal concentration of zinc 9.
The authors suggested that high accumulation of zinc in
kidney would probably dysfunction the detoxification
mechanism of renal tissue and cause histopathological
abnormalities in it. Various alterations such as mild edema,
reduction in cell size, severe damage and further degeneration
of renal tubules, disorganization of renal tissue and necrosis
were noticed when T. mossambica was exposed to sub-lethal
concentration of cadmium sulphate for 20 days under
laboratory conditions 7). Likewise, Rana et al. “° noted
various changes such as aggregation of inflammatory cells,
dilation in capillary tubes of renal tubules and hemolysis in
kidney of C. carpio, following exposure to chromium at sub-
lethal concentrations.

Our results are in accordance with the findings of Saini. 2%
who noticed histological changes such as, vacuolar
degeneration, congestion of blood vessels and degeneration of
tubules in the kidney of fish L. rohita procured from from
freshwaters of Punjab. Dhevakrishnan and Zaman. B too,
studied the effect of Cauvery river pollutants on kidney tissue
of freshwater fish L. rohita and noted various alterations such
as degeneration and atrophy of renal tubules, degeneration in
glomerulus, disorganization of glomerulus, severe necrosis
and highly pyknotic nuclei following exposure to untreated
industrial effluents which were discharged in the water body.
Several renal lesions in the kidney of Mugil cephalus and
Mugil capito from Lake Manzala, Egypt as a result of water
quality changes have also been reported by Tayel et al. (U
which included degeneration, necrosis, fibrosis, hemorrhage
and hemosiderosis.

4. Conclusion

In conclusion, severe histopathological lesions and cellular
alterations were observed in major target organs (liver, kidney
and muscle) of market fish which could be attributed to the
significant accumulation of several heavy metals in these
tissues beyond the prescribed limits of WHO/FAO. Hence,
there is a need of stringent check on the industrial effluents
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Fig 1: Transverse sections of liver stained with H & E: (A, B) Control carp showing normal hepatocytes (NH), sinusoids (S) at 100X and 400X,
respectively. (C, D, E, F) Market carp showing various alterations such as CD (cytoplasmic degeneration), N (necrosis) and few MMC (melano-
macrophage centres), PN (pyknotic nuclei), MN (mild necrosis), ND (nuclear degeneration), HV (hyper-vacuolization) and IL (infiltration of
leukocytes), SN (severe necrosis), HR (hemorrhage) and VH (vacuolization of hepatocytes) at 400X magnification
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Fig 2: Vertical sections of muscle stained with H&E: (A, B) Control carp showing E (epidermis), D (dermis), ME (myoepithelium) and MT
(myotomes) at 100X and 400X, respectively. (C, D) Market carp showing various alterations such as ED (edema), SMB (shortening of muscle
bundles) and N (necrosis) at 100X and 400X magnification, respectively. (E, F) Market carp showing EMB (elongation of muscle bundles) at

100X and 400X magnification, respectively
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Fig 3: Transverse sections of kidney stained with H&E: (A, B) Control carp showing BC (bowman’s capsule) and RT (renal tubules) at 100X

and 400X, respectively. (C, D, E, F) Market carp showing various alterations such as ART (atrophy of renal tubules), AIC (aggregation of

inflammatory cells), LCRT (loss of cellular integrity of renal tubules), DRT (degeneration of renal tubules), IDRT (irregular diameters of renal

tubules), fewer NA (necrotic areas) and IEF (infiltration of edematous fluid between renal tubules) at 100X magnification

References

1.

Wang WX. Interaction of trace metals and different
marine food chains. Marine Ecology Progress Series.
2002; 243:295-309.

Dautremepuits C, Paris-Palacios S, Betoulle S, Vernet G.
Modulation in hepatic and head kidney parameters of
carp (Cyprinus carpio) induced by copper and chitosan.

3.

4.

~2142~

Toxicology and Pharmacology. 2004; 137:325-333.
Kamble GB, Muley DV. Effect of acute exposure of
endosulfan and chlorpyriphos on the biochemical
composition of the freshwater fish, Sarothero
mossambicus. Indian Journal of Environmental Sciences.
2000; 4(1):97-102

Dinodia GS, Gupta RK, Jain KL. Effect of cadmium



Journal of Entomology and Zoology Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

toxicity on liver glycogen in some freshwater fishes.
Proceeding of XI National Symposium on Environment.
2002; 11:236-238.

Nriagu JO, Pacyna JM. Quantitative assessment of
worldwide contamination of air, water and soils by trace
metals. Nature. 1988; 333(6169):134-139.

Lenntech. Water Treatment and Air Purification.Water
Treatment, Published by Lenntech, Rotterdamseweg,
Netherlands, 2004.

More TG, Rajput RA, Bandela NN. Impact of heavy
metals on DNA content in whole body of freshwater
bivalve, Lamelleiden marginalis. Environment Science
Pollution Research. 2003; 22:605-616.

Authman MMN, Ibrahim SA, El-Kasheif MA, Gaber HS.
Heavy metal pollution and their effects on gills and liver
of the Nile catfish Clarias gariepinus inhabiting El-
Rahawy drain, Egypt. Global Veterinaria. 2013;
10(2):103-115.

Chopra R, Verma VK, Sharma PK. Mapping monitoring
and conservation of Harike wetland ecosystem, Punjab,
India, through remote sensing. International Journal of
Remote Sensing. 2001; 22:89-98.

Palaniappan PR, Vadivelu M, Vijaysundrum V. Fourier
transform raman Spectroscopic analysis of lead exposed
muscle tissue of Catla catla. Romanian Journal of
Biophysics. 2009; 19:117-125.

Alam MG, Allinson G, Stagnitti F, Tanaka A,
Westbrooke M. Arsenic contamination in Bangladesh
groundwater: a major environmental and social disaster.
International Journal of Enviromental Health Research.
2002; 12:235-253.

Adams SM. (Ed). Biological indicators of aquatic
ecosystem stress. American Fisheries Society, Bethesda,
Maryland. 2002, 1-11.

Gernhofer M, Pawet M, Schramm M, Muller E,
Triebskorn R. Ultrastructural biomarkers as tools to
characterize the health status of fish in contaminated
streams. Journal of Aquatic Ecosystem Stress Recovery.
2001; 8:241-260.

Camargo MM, Martinez CB. Histopathology of gills,
kidney and liver of a Neotropic fish caged in an urban
stream. Neotropical Ichthyology. 2007; 5:327-36.
Thophon S, Kruatrachue M, Upatham E, Pokethitiyook P,
Sahaphong S, Jaritkhuan S. Histopathological alterations
of white sea bass, Lates calcarifer, in acute and
subchronic cadmium exposure. Environmental Pollution.
2003; 121:307-320.

Mabrouk DR. Aspects of Manzalah Lake pollution on
Mugilspecies. M. Sc. Thesis, Faculty of Girls, Ain Shams
University, Egypt. 2004, 293.

Rabitto 1S, Alves Costa JRM, Silva de Assis HC,
Pelletier E, Akaishi FM, Anjos A. Effects of dietary Pb
(1) and tributylin on neotropical fish, Hoplias
malabaricus: histopathological and biochemical findings.
Ecotoxicology and Environmental Safety. 2005; 60:147-
156.

Oliveira Ribeiro CA, Vollaire Y, Sanchez-Chardi A,
Roche H. Bioaccumulation and the effects of
organochlorine pesticides, PAH and heavy metals in the
eel (Anguilla anguilla) at the Camargue Nature Reserve,
France. Aquatic Toxicology. 2005; 74:53-69.

Wang DY, Huang BQ, Ueng JP. Structural changes in the
muscular tissue of thornfish (Teraponjarbua, Forsskal)
under TBT (tributyltin) exposure. Journal of Fisheries
Society of Taiwan. 2004; 31(3):225-234.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

~2143~

Koca YB, Koca S, Yildiz S, Gurcu B, Osanc E, Tuncbas
O, et al. Investigation of histopathological and
cytogenetic effects on Lepomis gibbosus (Pices:
Perciformes) in the Cine stream (Aydin/Turkey) with
determination of water pollution. Environmental
Toxicology. 2005; 20(6):560-571.

Yousafzai AM, Chivers DP, Khan AR, Ahmad I, Siraj M.
Comparison of heavy metals burden in two freshwater
fishes Wallago attu and Labeo dyocheilus with regard to
their feeding habits in natural ecosystem. Pakistan
Journal of Zoology. 2010; 42(5):537-44.

Humason GL. Animal tissues techniques 3™edn. W.H
Freeman and Company, San Francisco, CA, USA, 1972.
Hinton DE, Lauren DJ. Integrative histopathological
effects of environmental stressors on fishes. American
Fisheries Society Symposium. 1990; 8:51-66.

Sorenson WEMB, Ramirez Mitchell R, Harlan CW, Bell
JS. Cytological changes in fish liver following chronic
environmental ~ arsenic  exposure.  Bulletin  of
Environmental Contamination Toxicology. 1980; 25:93-
99.

Saini AS. Toxic effects on fish inhabitating arsenic
contaminated freshwaters of Punjab. M.Sc. Thesis.
Punjab Agricultural University, Ludhiana, India, 2013.
Chavan VR, Muley DV. Effect of heavy metals on liver
and gill of fish Cirrhina mrigala. International Journal of
Current Microbiology and Applied Sciences. 2014;
3(5):277-288.

Jalaludeen MD, Arunachalam M, Raja M, Nandagopal S,
Showket AB, Sundar S et al. Histopathology of the gill,
liver and kidney tissues of the freshwater fish Tilapia
mossambica exposed to cadmium sulphate. International
Journal of Advanced Biological Research. 2012;
2(4):572-578.

Patnaik BB, Howrelia JH, Mathews T, Selvanayagam M.
Histopathology of gill, liver, muscle and brain of
Cyprinus carpio communis L. exposed to sublethal
concentration of lead and cadmium. African Journal of
Biotechnology. 2011; 10(57):12218-12223.

Mary SCH, Silvan S, Elumalai EK. Toxicology study on
lead nitrate induced fresh water fish Cirrhinus mrigala
(Hamilton). European Journal of Academic Essays. 2014;
1(7):5-8.

Mahmoud SA, Abd EI-Rahman AA. Eco-toxicological
studies of water and their effect on fish in El Manzalah
Lake. Research Journal of Pharmaceutical, Biological
and Chemical Sciences. 2017; 8(2):2497-2511.

Tayel SI, Ahmed NAM, EL-Hossiny MA. Impact of
diffused pollution on histological and hematological
properties of Mugil cephalus and Mugil capito collected
from Lake Manzalah, Egypt. International Jolurnal of
Environmental Science and Engineering. 2014; 5:51-67.
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.

Sitohy MZ, El-Masry RA, Siliem TA, Mohamed NA.
Impact of some trace metals pollution in the River Nile
water on muscles of Clarias gariepinus inhabiting El-
Kanater El-Khyria and Helwan sites. Zaga Journal of
Agricultual Research. 2006; 33(6):1207-1222.

Saad SMM, El-Deeb AE, Tayel SI, Al-Shehri E, Ahmed
NAM. Effect of heavy metals pollution on
histopathological alterations in muscles of Clarias



Journal of Entomology and Zoology Studies

gariepinus inhabiting the Rosetta branch, River Nile,
Egypt. It International Conference of Biotechnology
Applied Agriculture Benha University, Egypt. 2012, 79-
88.

35. Abbas H, Ali F. Study the effect of hexavalent chromium
on some biochemical, cytological and histopathological
aspects of Oreochromis spp. fish. Pakistan Journal of
Biological Sciences. 2007; 10:3973-3982.

36. Fatma ASM. Histopathological studies on Tilapia zillii
and Solea vulgaris from Lake Qarun, Egypt. World
Journal of Fish and Marine Sciences. 2009; 1(1):29-39.

37. Dhevakrishnan R, Zaman GMHU. Cauvery river
pollutants induced histopathological changes in kidney
and muscle tissues of freshwater fish, Labeo rohita
(Hamilton 1822). Online International Interdisciplary
Research Journal. 2012; 2(5):9-19.

38. Igbal F, Qureshi 1Z, Ali M. Histopathological changes in
the kidney of common carp, Cyprinus carpio following
nitrate exposure. Journal of Research Science 2004;
15:411-18.

39. Gupta P, Srivastava N. Effects of sub-lethal
concentrations of zinc on histological changes and
bioaccumulation of zinc by kidney of fish Channa
punctatus (Bloch). Journal of Environmental Biology.
2006; 27(2):211-215.

40. Rana MA, Jabeen F, Shabbir S, Naureen A, Sultana K,
Ahmad | et al. Histopathological study of liver and
kidney in common carp (Cyprinus carpio) exposed to
different doses of potassium dichromate. International
Journal of Biosciences. 2015; 6(12):108-116.

~2144~



