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A bioassay was conducted to determine the lethal toxicity (LC50) of commercial grade Organophosphate
insecticide, Chlorpyrifos (20% EC) on Tilapia (Oreochromis mossambicus). The 96 h (LC50) for
Chlorpyrifos (20% EC) was found to be 0.022 ppm. For sublethal toxicity study, the fishes were exposed
to two sublethal concentrations (i.e 1/5th of LC50 and 1/10th of LC50) for 21days. Histopathological changes
in liver ranged from vacuolization, necrosis, aggregation of melanomacrophge, increase in number of
kuffer cells at different time of exposure viz. 7, 14 and 21 days.
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INTRODUCTION

Pesticides have been one of the most effective weapons
discovered by man to protect agricultural products from pests.
However, they are the major cause of concern for aquatic
environment due to their toxicity, persistency and tendency to
accumulate in the organisms (Joseph and Raj, 2010) and it is
difficult to remove them from any aquatic ecosystem.

Chlorpyrifos (O, O-diethyl-O-3, 5,6-trichlor-2-pyridyl
phosphorothioate; CPF) is a broad spectrum organophosphate
insecticide widely used to control foliar insects in agricultural
crops (Rusyniak and Nanagas, 2004) and subterranean termites
(Venkateswara Rao et al., 2005). It is the second highest
selling organophosphate insecticide and is more toxic to fish
than organochlorine compounds (Tilak et al., 2001). Fishes
have greater sensitivity to changes in the aquatic environment
(Vinodhini and Narayanan, 2008). Capacity to accumulate
large quantity of pollutants and important link in the food
chain, fishes are often used as indicator organisms to monitor
quality of aquatic systems the world over (Rajkowska and
Protasowicki, 2011).

Histopathological investigations have long been recognized to
be reliable biomarkers of stress in fish. These can be used as
biomonitoring tools or indicators of health in toxicity studies
since they provide early warning signs of disease and the health
of aquatic environment (Meyers and Hendricks, 1985). The
toxic effects of pesticides on various tissues and organs of
fishes have been studied by many researchers. Some of these
include, Atrazine to Labeo rohita (Jayachandran and
Pugazhendy, 2009), Cypermethrin to Tor putitora (Ullah et al.,
2014d), Corydoras melanistius (Santos et al., 2012),
Dimethoate to Putius ticto (Marutirao, 2012), Hostathion to
Channa gachua (Jha et al., 2014). Similarly, the studies on
histopathological changes in fishes have been carried out by
Das and Mukerjee, (2000) Cengiz and Unlu, (2002), Parashar
and Banerjee, (2002), Johal et al. (2007), Kunjamma et al.
(2008), Velmurugan et al. (2009), Rani and Venkataramana,
(2012).

In view of the above, it was felt that it would be worthwhile to
study the histological changes in liver of fish which would
throw a clear light on the extent of effect that it causes. Hence
in the present work, we studied the toxic effects of
Chlorpyrifos on histological changes in liver of fish,
Oreochromis mossambicus.
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MATERIALS AND METHODS

Oreochromis mossambicus (2-3 cm) fry were acquired from
Chintamani fish farm, Chickaballapur district, Karnataka and
transported to the FRIC fish farm, Bangalore in well
oxygenated polythene bags containing clean pond water and
these were allowed to grow in fish pond till they attained
fingerling size with artificial feeding. After attaining fingerling
size (9-10 cm), they were collected and brought to laboratory
and released into freshwater aquariums of 50 liter capacity (10
No’s each) for proper acclimation. The fishes were fed every
24 hr with commercial feed. The walls of the holding tank were
thoroughly cleaned periodically to avoid fungal growth. The
excreta were siphoned off on a daily basis to prevent the
buildup of ammonia in the medium. Fishes were conditioned
for 10 days before employing them for the experiments. The
tanks were kept in the laboratory, the temperature of the water
was 28±10C and the dissolved oxygen level was 7-7.5 ppm.
The pH of the water ranged from 6.9-7.5. Individuals
measuring 9±0.5 cm in total length and weighing 13±0.5 g
were selected for the present study.

Lethal toxicity was carried out by following the standard
guidelines (APHA 2005) to determine the lethal (LC50) level of
toxicants using static system for Cadmium and static renewal
for Chlorpyrifos. Laboratory conditioned fishes of uniform size
were selected to assess the lethal concentration of the toxicant.
Each experimental container was of 50 liter capacity, made of
glass. Ten fish each were accommodated in 45 liters of test
solution. Duplicates and appropriate controls were run for each
set of experiment. Dead fishes were removed immediately from
the test medium. The percentage mortality of fishes was taken
into account for 96 h. Three replicates were performed for each
concentration. The 96 h LC50 value of the mortality in each
exposure concentration of Cadmium, Chlorpyrifos and
Cadmium +Chlorpyrifos were recorded and tested by probit
analysis program as described by Finney (1971).

Histological Estimation

The experiment on the Histological changes in tilapia was
carried out in a glass aquarium of 50 l capacity. The
Histological changes in liver of fish treated with sub lethal
concentration (LC50) of Chlorpyrifos were analysed after 7, 14
and 21 days of exposure. After the experimental period, the
fishes were killed by pithing (by damaging the brain and
severing the spinal cord between the head and trunk region
using a sharp needle). The liver tissue was removed and
immediately fixed in 10 % neutral buffered formalin and then
processed for microtome sectioning at 5µm and stained with
hematoxylin and eosin and mounted in DPX.

RESULTS

The concentration at which 50% survival/mortality occurred
was taken as a lethal concentration (LC50). The 96 h LC50 for
Chlorpyrifos was found to be 0.022 ppm for (Table 1 and Fig.
1.)

Histological changes in liver

An insight into the liver of control fish, registered well
structured hepatocytes and no deviation in pathological
changes, which was evident in histological studies (Plate 1).

When tilapia fingerlings were exposed to 1/5th of LC50 of
Chlorpyrifos, mild necrosis and loss of contact between
hepatocyte and pancerocyte were documented after 7 days of
exposure (Plate 2). Increased number of kupffer cells, mild
necrosis was evident after 14 days of exposure (plate 3). Severe
vacuolar degeneration was observed after 21 days of exposure
of tilapia to Chlorpyrifos (Plate 4). When toxicant strength was
reduced 1/10th of LC50 of Chlorpyrifos, aggregation of
melanomacrophage, mild necrosis were evident in tilapia
fingerlings exposed for 7 days (Plate 5). On 14 day showed
vacuolar degeneration and congestion of liver (Plate 6).
Further, aggregation of melanomacrophage, pyknotic nuclei
and severe vacuolar degeneration were evident after 21 days of
exposure (Plate 7). Among the two sub lethal concentrations of
Chlorpyrifos, 1/5th of LC50 of this caused more severity to the
liver structure.

Table 1 Determination 96hr LC50 of Cadmium in
Oreochromis mossambicus

Conc. (ppm) No. of fishes used Mean % Mortality
0.015 10 16
0.018 10 26
0.021 10 40
0.024 10 63
0.027 10 83
0.03 10 100

0.033 10 100

Fig. 1 The 96 h lethal concentration (LC50) of Chlorpyrifos (20% EC) for
Tilapia (Oreochromis mossambicus).

Plate 1 Showing liver of control fish : Hepatic cell (HC),
hepatopancreatic tissue (P), blood vessels (BV) and blood sinusoids(S).

(H&E X 200).
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DISCUSSION

There are some basic pathologies that pollutants in general may
cause to fish liver like, swelling, disorganisation of hepatic
cords, increased level of mitosis in liver parenchyma cells,
changes in nuclear size and shape, nuclear migration of nuclei
and focal necrosis (Hibya, 1982).

Morphological and histological alterations related to pesticide
toxicity in the liver of fish have shown that the substances
cause severe damage to the liver cells (Ortiz et al., 2003). Liver
is an important organ of detoxification and biotransformation
process and due to these reasons the hepatic cells are damaged
severely. Several works have reported degenerative changes in
hepatic tissue subjected to pollution by various pesticides and
insecticides (Gill et al., 1990;  Pandey et al.,1993; Tilak et al.,
2005; and Sakr and Jamal Al Lail, 2005). Radhaiah and
Jayantha Rao (1992) reported moderate cytoplasmic
degeneration in hepatocytes, formation of vacuoles, rupture of
blood vessels and picnotic nuclei in the liver of Tilapia
mossambica exposed to fenvalerate.

The liver of pesticide treated fish showed dilation of blood
sinusoids, vacuolization, disintegration of cell boundaries and
necrosis. The present results are in agreement with those
observed by many authors who studied the effects of different
pollutants on fish liver (Mohamed, 2001; Ptashynski et al.,
2002 and Fanta et al., 2003). According to Rodrigues et al.
(2001) the liver is an organ that frequently undergoes changes
when exposed to insecticide at sublethal doses. The changes
may be attributed to direct toxic effects of pollutants on hepatic
cells, since the liver is the site of detoxification of all types of
toxic substances (Soufy et al., 2007).

Plate 2 Showing liver of fish exposed to 1/5th of LC50 for 7 days : mild
necrosis (N) and loss of contact between hepatocyte and pancerocyte

(LHP). ). (H&E X 200)

Plate 3 Showing liver of fish exposed to 1/5th of LC50 for 14 days :
Necrosis (N), Congestion (C) and damage of

Plate 4 Showing liver of fish exposed to 1/5th of LC50 for 21 days : Severe
vacuolar degeneration (VD) (H&E X 200)

Plate 5 Showing liver of fish exposed to 1/10th of LC50 for 7 days :
melanomacrophage (M), mild necrosis (N). (H&E X 200)

Plate 6 Showing liver of fish exposed to 1/10th of LC50 for 14 days :
vacuolar  degeneration (VD), congestion of sinusoids (C). (H&E X 200)

Plate 7. Showing liver of fish exposed to 1/10th of LC50 for 21 days :
Aggregation of Melanomacrophage (M), Pyknotic nuclei (PN) and severe

vacuolar degeneration (VD). (H&E X 200)
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CONCLUSION

The finding of the present study indicates that the biochemical
and histological changes observed serve as biomarkers for
assessing pesticide toxicity in aquatic environments.
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