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INTRODUCTION

Ecotoxicology is the integration of toxicology and ecology or,
as Chapman (2002) suggested, “ecology in the presence of
toxicants”. Ecotoxicology incorporates aspects of ecology,
toxicology, physiology, molecular biology, analytical
chemistry and many other disciplines. The evaluation of the
ecotoxicological risks caused by pesticides to ecosystems is
based on toxicity data and the effects of pesticide preparations
on non-target organisms (Maltby and Naylor, 1990). For
centuries pesticides have been used in agriculture to enhance
the production of food by eradicating unwanted insects and
controlling disease vectors (prakasam et al., 2001). But the
increasing chemization in all areas of man’s activities has off-
putting impact also besides its benefits. Though they have
contributed considerably to agricultural outcomes, their
adverse effects on non-target organisms are significant (John,
2007). The contamination of surface waters by pesticides used
in agriculture is a problem of worldwide importance (Sibley
and Kaushik, 1991).

Dimethoate (DM) is one of a class of insecticides referred to as
organophosphates. DM is an insecticide used to kill mites
and insects systemically and on contact. Dimethoate is
moderately toxic by ingestion, inhalation and dermal
absorption. As with all organophosphates, dimethoate is
readily absorbed through the skin. (Secaucus, 1991)

Fish, among the group of non-target aquatic organisms,
represent the largest and most diverse group of vertebrates. A
number of characteristics make them excellent experimental
models for toxicological research, especially for the

The presence of Insecticide in the environment, due to extensive use in agriculture and their low degradation
capacity, are of potential toxicological concern for fish. Histological studies have been widely used as biomarkers
in the evaluation of the health of fish exposed to the pesticides, both in the laboratory as well as in the field
studies. In the present study Adult fish of nearly similar weight (25 + 1.9g) and length (15.5 + 1.2cm) were
exposed to two sub lethal concentrations i.e. 45.0 pg/L and 22.5ug/L of dimethoate for 21 days. The treated
fish groups were compared with the control group for the histological changes in the selected tissues (Gills,
Liver, Kidney, and muscle) and marked changes were observed.

contaminants which are likely to exert their impact on aquatic
systems (Leblond and Hontela, 1999; Lacroix and Hontela,
2001; Law, 2003 and Shiekh and Lee, 2008)

Histopathological changes have been widely used as
biomarkers in the evaluation of the health of fish exposed to
contaminants, both in the laboratory (Wester and Canton,
1991; Thophon et al., 2003) and field studies (Hinton et al.,
1993; Schwaiger et al., 1997; Teh et al., 1997). One of the
great advantages of using histopathological biomarkers in
environmental monitoring is that this category of biomarkers
allows examining specific target organs, including gills, kidney
and liver, that are responsible for vital functions, such as
respiration, excretion and accumulation and
biotransformation of xenobiotics in the fish (Gernhofer et al.,
2001), and serve as warning signs of damage to animal health
(Hinton and Lauren, 1993).

Hence, the present study is aimed to look in to the
histoarchitectural alterations in DM induced toxicity in some
of the vital organs of the teleosts fish Oreochromis
mossambicus (Peters, 1852), so as to assess the damage and
get an insight in its functional consequences.

MATERIALS AND METHODS

The fresh water fish O. mossambicus were collected from
Sama pond of Baroda city (22°22’ 39.03" N to 22°20’ 25.98"
N and 73°12’ 99: E to 73°12; 69" E). The fish were stored in a
glass aquaria containing 50 L dechlorinated tap water for 10
days for acclimation under laboratory conditions. Water was
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changed after every 24 hrs. Commercial fish food was sup-
plied to fish during acclimation period. Adult fish weighing
(25 + 1.9 g) and length (15.5 + 1.2cm) were selected for
experiments. Acclimated fishes were treated with DM EC 30%.
The LC analysis of DM was performed. The fish were treated
with two sub lethal concentrations i.e. 45.0 ug/L and 22.5ug/
L for 21 days. Six aquaria were set, two for each concentra-
tion and each aquarium containing 10 fish in 10 L dechlori-
nated tap water. Water temperature was kept at 28 + 1.5°C
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during whole experimental period. Control group were kept
in dechlorinated water without any treatment. Fishes from both
the group were monitored for their Behavioral changes also.
After completion of 21 days, Fish were removed from aquaria
and washed with fresh water. Fishes of both treated as well as
control groups were killed by decapitation. After decapita-
tion, the blood was allowed to drain and the fishes were dis-
sected open to take out Gills, Muscle, liver and kidney. Fresh
tissues were fixed in 4% paraformaldehyde for 24 hrs, dehy-

Figure 1, 2, 3 and 4: The normal structure of liver, kidney, muscle and gills shown in the Figure 1A, 2A, 3A and 4A respectively. Marked swelling
, Vascular degeneration of hepatocytes ) (Fig. 1B) focal necrosis and fibrosis M (Fig.10); Glomeruli enlargement, edema in bowman’s
capsules (T) (Fig. 2B) ,vacuolar degeneration with aggregate inflammatory cells (T) (Fig:2C); Degeneration, necrosis and atrophy of muscle
bundles (1) (Fig. 3B) splitting of muscle fibers (T) (Fig. 30); Curling and clubbing of secondary lamellae, distortion and of primary lamellae
) (Fig. 4B) and enlargement of primary lamellae and loss of secondary lamellae ) (Fig. 4C). {HE 400x}
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drated, embedded in paraffin wax and sectioned at 10-12um
then stained with heamatoxylin and eosin and examined mi-
croscopically and photographed using digital camera (400x).

RESULTS AND DISCUSSION

The treated group showed an insignificant reduction in the
body weight. Abnormal behavior such as restlessness, sudden
quick and jerky movements, were observed in the fishes
exposed to low dose , whereas, increased opercular
movements accompanied with surface to bottom movements
and loss of equilibrium was observed in the fished exposed
to high dose. Similar observations have been reported by
Hinton et al., (1993) and Raheman et al., (2002) with various
organophosphate insecticides. The histological changes
observed in all the tissues of O. mossambicus in the present
study indicate that sub lethal concentrations caused moderate
to severe alteration in Gill, liver, kidney as well as muscle
architecture, which are an important organs performing vital
function like detoxification, respiration , osmoregulation, acid-
base balance, excretion etc. The organ most associated with
the detoxification and biomarker process is liver and due to
its function, position and blood supply, it is also one of the
organs most affected by contaminants in the water (Camargo
and Martinez, 2007). The liver of the fish exposed to both low
as well as high dose showed vacuolar degeneration, swelling
in the hepatocytes with indistinguishable cellular outline. (Fig.
1 A, B, C) These changes may be attributed to direct toxic
effects of pollutants on hepatocytes, since the liver is the site
of detoxification of all type of toxins and chemicals. It seems
that there is a temporal sequence of the events that starts with
vacuolization, swelling and necrosis. Rodrigues and Fanta
(1998); Camargo and Martinez, (2007); and Mohamed, (2009)
have also reported parallel observations with pesticides in
various fishes.

The kidney is a vital organ of body and proper kidney function
is to maintain the homeostasis. It is not only involved in removal
of wastes from blood but it is also responsible for sensitive
reabsorbtion, which helps in maintaining volume and pH of
blood and body fluids and erythropoieses (Igbal, et al., 2004).
The alterations found in the kidney of fish at low dose were
glomeruli enlargement and edema in bowman’s capsules; at
high dose the kidney exhibited vacuolar degeneration
accompanied with heamolysis (Fig. 2, A, B, C). With severe
intoxicated conditions, the degenerative process leads to tissue
necrosis (Yokote, 1982). The necrosis of the tubules will affect
the metabolic activities and promotes metabolic abnormalities
in fish The present results are in agreement with those observed
in C. carpio exposed to sewage (Kakuta and Murachi, (1997),
Veiga et al., (2002) and Thophon et al.,(2003).

Separation and degeneration of muscles, atrophy of muscle
bundles and focal area necrosis were an interesting
observation in muscle tissue at low dose and it was leading to
Vacuolar degeneration and splitting of muscle fiber were seen
as high dose (Fig. 3 A, B, 0)).The histopathological alterations
in the fish muscle of both the doses are in agreement with
those observation by many investigators who have studied
the effect of different pollutants on fish muscle (Sakr and Gabr,
1991; Nour and Amer, 1995 and Elnemaki and Abuzinadah,
2003).

The gills, which participate in many important functions in the
fish, such as respiration, osmoregulation and excretion, remain
in close contact with external environment and particularly
sensitive to changes in the quality of the water are considered
the primary target on contaminants (Camargo and Martinez,
2007; Fernandes and Mazon, 2003). The gills of fish exposed
to low dose showed Curling and Clubbing of secondary
lamellae (telangiectasis) Enlargement of primary lamellae, loss
of secondary lamellae was seen at high dose. (Fig. 4, A, B, C)
These pathological changes may be a reaction to toxicants
intake or an adaptive response to prevent the entry of the
pollutants thorough the gill surface and probably due to
increased capillary permeability (Olurin et al., 2006). The
present results are in agreement with those observed in other
fish species under the influence of different pollutants (Kakuta
and Murachi, 1997; Olurin et al., 2006).

CONCLUSIONS

Finally, the present study proves the toxic potential of the DM
pesticide and shows moderate to severe alterations in gills,
muscles, liver and kidney which can lead to metabolic changes
in the fish. Furthermore, the present study also adds to the
concepts that Histopathological studies are one of the effective
tools for ecotoxicology and risk assessments.

ACKNOWLEDGEMENT

The help rendered by Miss Aarti Lokwani during the initial
phase of the work is greatly acknowledged and the Authors
are also thankful the Head, Department of Zoology for
providing the facility during the tenure of the present work.

REFERENCES

Abo Nour, A. and Amer, A. 1995. Impairment of muscle performance
in the Nile catfish Clarias lazera in response to hostathion insecticide
contamination and/or gamma irradiation. J. Egypt. Ger. Soc. Zool. 18:
153-175.

Camargo, M. M. and Martinez, C. B. 2007. Histopathology of gills,
kidney and liver of a Neotropical fish caged in an urban stream.
Neotrop. Ichthyol. 5: 327-336.

Chapman, P. M. 2002. Integrating toxicology and ecology: putting the
“eco” into ecotoxicology. Marine Pollution Bull. 44(1): 7-15.

Elnemaki, F. and Abuzinadah, O. 2003. Effect of contra/insect 500/50
E.C.on the histopathology of Oreochromis spilurus fish. Egypt. J. Aquat.
Res. Fish. 29: 221-253.

Fernandes, M. N. and A. F. Mazon, 2003. Environmental pollution
and fish gill morphology. In:Val, A.L. and B.G. Kapoor (Eds.). Fish
adaptation. Enfield, Science Publishers. pp. 203-231.

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

Hinton, D. E. and Laurén, D. ). 1993. Liver structural alterations
accompanying chronic toxicity in fishes: potentioal biomarkers of
exposure. Pp. 51-65. In: McCarthy, J. F. and L. R. Shugart (Eds.).
Biomarkers of Environmental Contamination. Boca Raton, Lewis
Publishers.

Hinton, D. E., Baumann, P. C., Gardner, G. R., Hawkins, W. E.,
Hendricks, J. D., Hoque, R. A., M. J. A. Mirja, M. M. and Miah, M.




PRAGNA H. PARIKH er al.,

S. 1993. Toxicity of Diazinon and Sumithion to Puntius gonionotus.
Bangladesh J. Tran. Dev. 6(1): 19-26.

Igbal, F., Qureshi, I. Z. and Ali, M. 2004. Histopathological changes
in the kidney of common carp, Cyprinus carpio following nitrate
exposure. J. Res. Sci. 15: 411-418.

John P.). 2007. Alteration of certain blood parameters of freshwater
teleost Mystus vittatus after chronic exposure to Metasystox and Sevin.
Fish Physiol. and Biochem. 33: 15-20.

Kakuta, I. and S. Murachi, 1997. Physiological response of carp,
Cyprinus carpio, exposed to raw sewage containing fish processing
wastewater. Environ. Toxicol. Water Quality. 12: 1-9.

Lacroix, M. and Hontela, A. 2001. Regulation of acute cortisol
synthesis by cAMP-dependent protein kinase and protein kinase C in
a teleost species, the rainbow trout (Onychorhynchus mykiss). J.
Endocrinology. 169: 71-78

Law, J. M. 2003. Issues Related to the Use of Fish Models in Toxicologic
Pathology: Session Introduction. Toxicol Pathol. 31: 49-52

Leblond, V. S. and Hontela, A. 1999. Effects of in vitro exposures to
cadmium, mercury, zinc, and 1-(2-chlorophenyl)-1-(4- chlorophenyl)-
2, 2-dichloroethane on steroidogenesis by dispersed interrenal cells
of rainbow trout (Oncorhynchus mykiss). Toxicol. Appl. Pharmacol.
157: 16-22.

Maltby, L. and Naylor, C. 1990. Preliminary observations on the
ecological relevance of the Gammarus ‘Scope for Growth’ Assay:
Effect of Zinc on Reproduction - Functional Ecology. 4(3): New
Horizons in Ecotoxicol. pp. 393-397

Mohamed, F. A. 2009. Histopathological studies on Tilapia zillii and
Solea vulguris from Lake Qarun, Egypt. World J. Fish and Mrine Sci.
1(1): 29-39.

Olurin, K., Olojo, E. Mbaka, G. and Akindele, A. 2006.
Histopathological responses of the gill and liver tissues of Clarias
gariepinus fingerlings to the herbicide, glyphosate. African J. Biotechnol.
5: 2480-2487.

Prakasam, A., Sethupathy, S. and Lalitha, S. 2001. Plasma and RBCs
antioxidant status in occupational male pesticide sprayers. Clin. Chim.
Acta. 310: 107-112.

Raheman, M. Z., Hossaain, Z., Mollh, M. F. and Ahmed, G. U.
2002. Effect of Diazinon 60 EC on Anubs testudineus, Channa puncttus
and Bebodes gonionotus Naga. The ICLARM Quarterly. 25(2): 8-12

Rodrigues Edson de Lara and Fanta Edith, 1998. Liver histopathology
of the fish Brachydanio Rerio Hamilton-Buchman after acute exposure
to sublethal levels of the organophosphate Dimethoate 500. Revta
bras. Zool. 15(2): 441-450.

Sakr, S. and Gabr, S. 1991. Ultrastructural changes induced by
diazinon and neopybuthrin in skeletal muscles of Tilapia nilotica.
Proc. Zool. Soc. A.R.E. 21: 1-14.

Schwaiger, )., Wanke, R., Adam, S., Pawert, M., Honnen, W. and
Triebskorn, R. 1997. The use of histopatological indicators to evaluate
contaminant-related stress in fish. J. Aquatic Ecosystem, Stress and
Recovery. 6: 75-86.

Secaucus, N. J. 1991. Occupational health services, inc. (sept. 16).
msds for dimethoate. OHS Inc.

Shiekh Raisuddin and )Jae-Seong Lee 2008. Fish models in Impact
assessment of carcinogenic potential of environmental chemical
pollutants: an appraisal of Hermaphroditic Mangrove Killifish
Kryptolebias marmoratus. Interdisciplinary studies on Environmental
chemistry- biological responses to chemical pollutants. (Eds.) Y.
Murakami, K. Nakayama, S.-I. Kitamura,H.lwata and S.tanabe, pp.7-
15.By TERRAPUB, 2008.

Sibley, P. K. Kaushik, N. K. 1991. Toxicity of microencapsulated
permethrin to selected nontarget aquatic invertebrates. Archives of
Environ. Contamination and Toxicology. 20: 168-176.

Teh, S. )., Adams, S. M. and Hinton, D. E. 1997. Histopathological
biomarkers in feral freshwater fish populations exposed to different
types of contaminant stress. Aquatic Toxicology. 37: 51-70.

Thophon, S., Kruatrachue, M., Upathan, E. S., Pokethitiyook, P.,
Sahaphong, S. and Jarikhuan, S. 2003. Histopathological alterations
of white seabass, Lates calcarifer in acute and subchronic

Veiga, M., Rodrigues, E. Pacheco, F. and Ranzani- Paiva, M. 2002.
Histopathologic changes in the kidney tissue of Prochilodus lineatus,
1836 (Characiformes, Prochilodontidae) induced by sublethal
concentration of Trichlorfon exposure. Brazilian Arch. Biol. Technol.
45: 171-175.

Wester, P. W. and Canton, J. H. 1991. The usefulness of histopathology
in aquatic toxicity studies. Comp. Biochem. Physiol. 100: 115-117.

Yokote, M. 1982. Digestive system. In: An atlas of fish histology-
normal and pathological features (T. Hibiya, Ed.). Kodansha Ltd.,
Tokyo, pp: 74-93.




