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Abstract: This study aimed to examine the toxic effects of pesticides usage on Nile fish since they
constitute an important link in food chain and their contamination by pesticides imbalances the aquatic
system. Healthy subadults Nile tilapia (O. niloticus L.) of average body weight (18.09±0.3g) were
used. The 2.64 and 5.28µg/l lorsban, being sLC50 and ƒLC50 fractions, respectively of 96h LC50 value
of lorsban insecticide to subadults (O. niloticus L.) were used in the study. The treatments of the first,
second, third, fourth, fifth and sixth groups will be as follows: control, 2.64µg/l lorsban treated,
5.28µg/l lorsban treated, vitamin E treated, vitamin E + 2.64µg/l lorsban treated and vitamin E
+5.28µg/l lorsban treated, respectively. The liver of the 2.64µg/l lorsban treated group showed several
pathological changes throughout the experimental periods. Changes in the hepatic cells and cloudy
swelling of hepatocytes, atrophy of pancreatic cells were noticed. At the end of experiment the total
proteins content of the liver of the 2.64µg lorsban, 5.28µg/l lorsban, treated groups appeared as
intensely dark blue color in the hepatocytes. These increases were also recorded in vitamin E +
5.28µg/l lorsban and vitamin E + 2.64µg lorsban treated groups but with lesser intensity. Glycogen
content in the hepatocytes of the 2.64µg/l lorsban treated group appeared as dark purple colour and
became darker in the hepatocytes of vitamin E +5.28µg/l lorsban, vitamin E + 2.64µg/l lorsban and
vitamin E treated groups, respectively. The results of three-way ANOVA revealed that, lorsban
concentrations significant affected the liver ALT and AST activity, while the vitamin E and the time
did not significantly affected the liver ALT activity. We can conclude that Sublethal concentration of
chlorpyrifos induced hepatotoxic effect from the pathological, histochemical and biochemical events;
vitamin E didn’t usually obtain ameliorating effects on lorsban toxicity.
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INTRODUCTION

Lorsban is a broad-spectrum organophosphates considered a risk factor to aquatic systems. It is a highly
toxic to a wide range of aquaticspecies. (De Silva and Samayawardhena, 2005 and Mehta et al., 2008) so, it
has recently restricted to agricultural applications (Volz et al., 2003). 

Nile tilapia Oreochromis niloticus Linnaeus (O. niloticus L.) is one of two species in Egypt, which belongs
to genus Oreochromis (Bishai and Kalil, 1997). 

The median lethal concentration (LC50) estimated to produce mortality in 50% of a test population over
specific time period. The length of exposure is usually 24 to 96 h, depending on the species(Rand, 1995). For
example, the LC50 for 24 hr, 48 hr, 72 hr and 96 hr of chlorpyrifos exposure periods were estimated as 0.194,
0.169, 0.154 and 0.120 ppm, respectively to freshwater crab(Spiralothelphusa hydrodroma)(SenthilKumar et
al., 2007a). Several studies have been done to determine the 96-h LC50 values of lorsban at different sizes of
the same fish species. For example, the 96-h LC50 values of chlorpyrifos to two sizes of freshwater euryhaline
tilapia, Oreochromis mossambicus weighted 3±1gm(Rao et al., 2003) and 15±3gm(Kunjamma et al., 2008) were
26µg/l and 82µg/l, respectively. 

Histopathological biomarkers can be indicators of the correlations between contaminant concentrations and
histopathology (Greenfield et al., 2008). Tilak et al., (2005) recorded degeneration of hepatocytes cytoplasm,
atrophy, formation of vacuoles, pyknotic nuclei, necrosis, hepatic cords decreased size, disposition of
hepatocytes cell membrane and rupture in blood vessels are the observable pathological changes in the liver
of freshwater fish Catla catla treated with chlorpyrifos. Kunjamma et al., (2008) and Scheil et al., (2009)
observed a swelling of hepatocytes with granular cytoplasm, basophilic cytoplasm, fat deposition, glycogen
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depletion and necrosis of the hepatic tissue in the freshwater fish Oreochromis mossambicus, and zebrafish
(Danio rerio) exposed to chlorpyrifos. They added also that, pancreatic acini lose the normal structure and were
found in necrosis state. 

Because there are rarely researches and studies about the effect of chlorpyrifos on Nile tilapia fish; we
use other studies to obtain the  histopathological changes in the liver of freshwater fish treated by other
organophosphate insecticides as diazinon, dimethoate, malathion and glyphosate, respectively. 

Several authors recorded many histopathological changes in the liver of freshwater fish treated by
insecticides diazinon, dimethoate, malathion and glyphosate, respectively (Neskovic et al. 1996, Sakr et al 2001
and Fanta et al., 2003). de Melo et al., (2008) showed cytoplasmic vacuolization of the hpatocytes, damage
of blood sinusoids, blood vessel congestion and inflammatory leucocytic infiltrations in the liver of recorded
that, insecticide Folidol 600 was responsible for serious alterations in the hepatic tissue of the freshwater fish
Rhamdia quelen; (Mataqueiro et al., 2009) revealed that, liver of freshwater fish Piaractus mesopotamicus
exposed to insecticide trichlorfon showed that, the hepatocytes lost their normal shape and became
hypertrophied and the nuclei was peripherally located. 

Histopathology, with a broad range of causes, is increasingly being used as indicators of environmental
stress since they provide a definite biological end-point of historical exposure (Stentiford et al., 2003).
Sublethal concentration of chlorpyrifos induced protein precipitation in the cytoplasm of hepatocytes of
Oreochromis mossambicus(Kunjamma et al., 2008) while an increase of the total protein in the liver of
freshwater fish, (Puntius conchonius) exposed to sub-lethal concentration of organophosphate insecticide
phosphamidon was reported by Gill et al. (1990). Decrease in the liver protein of(Anguilla anguilla) exposed
to insecticide fenitrothion was recorded by Sancho et al., (1997a). While an increase in the total protein
induced by organophosphate insecticide methyl parathion was recorded by Joshi et al. (2003).

The effect of malathion and anilofos on the total protein content appeared to be tissue-specific as it was
significantly decreased in some tissue but not in others (Hazarika et al., 2003). 

An increase of glycogen levels in the liver of freshwater fish,(Anabas testudineus) treated with pesticides
was recorded by Bakthavathsalam and Reddy (1982) and in freshwater fish, Channa punctatus exposed to sub-
lethal concentrations of insecticides quinalphos and monocrotophos was recorded by Siddiqui(1984) and Samuel
and Sasiry(1989), respectively. While no changes were observed in the liver glycogen content of
Heteropneustes fossilis and(Anguilla anguilla) exposed to insecticides malathion and fenitothion,(Mishra and
Srivastava, 1983 and Sancho et al., 1997a). Glycogen content of the liver cells recorded decrease after the
exposure of freshwater fish(Clarias gariepinus) and(Channa punctatus) to sub lethal concentration of
fenvalerate and dursban,(Sakr and Jamal Al lail, 2005 and Jaroli and Sharma, 2005) respectively. 

The alterations in the enzymatic activities directly reflect the metabolic disturbances and cell damage in
specific organs(Casillas et al., 1983).

Among these enzymes, alanine minotransferase and aspartate aminotransferase indicate liver tissue damages
(Balint et al., 1997). Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were formally
known as glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT), respectively
(Stoward and Pearse, 1981). They function as a link between carbohydrate and protein metabolism by
catalyzing interconversion of strategic compounds (Barse et al., 2007).

Studies on the effects of pesticides on these AST of fish tissues are sparse(Ramaswamy et al., 1999). An
increase of GOT and GPT in the liver of freshwater fish, (Channa punctatus) exposed to sub-lethal
concentrations of insecticide monocrotophos were reported in (Clarias batrachus) exposed to insecticide
trichlorfon (Shobha et al., 1989).

Neskovic et al. (1996) recorded that, there was slightly of lowing effect on the GOT and GPT activity
in freshwater carp fish (Cyprinus carpio L.) exposed to sub-lethal concentrations of insecticide glyphosate. de
Aguiar et al. (2004) recorded that, sublethal concentration of insecticide (methyl parathion) was responsible
for decreased in the activity of liver ALT in freshwater fish matrinxa, (Brycon cephalus). 

Significant decrease in ALT and aspartate aminotransferase activities was observed in the liver of
(Oreochromis mossambicus) exposed to sublethal concentration of insecticide(Rao, 2006). in the plasma
(Agrahari et al., 2007) of the freshwater fish (Oreochromis mossambicus) and (Channa punctatus), respectively.

The purpose of the present work is to determine of the half-lethal concentration (96-h LC50) of
organophosphate insecticide lorsban to subadults Nile tilapia fish (O. niloticus L.).

Also, study the effects of two sublethal concentrations 2.64 and 5.28µg/l of lorsban (sLC50 and ƒLC50,
respectively) on subadults Nile tilapia fish (O. niloticus L.) at four intervals (1, 2, 3 and 4 week) in the
following parameters:
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MATERIAL AND METHODS
Experimental Fish:

Clinically healthy, subadults Nile tilapia (O. niloticus L.) (Chandrasekara and Pathiratne, 2007), of average
body weight (18.09±0.3g) and total body length (10.5±0.06cm) were a kind gift of the Arabian Fish Breeding
Company in Abbasa, Sharkia Governorate. Fish were transferred alive to the Central Laboratory for
Aquaculture Research (CLAR) within 10 minutes in plastic bags supplied with sufficient oxygen. Test glass
aquaria(60 liter capacity) were used for holding fish (10 fish per aquarium) throughout the experimental period.
Fish were left in the test aquaria two weeks for acclimatization before starting the experimental study. All the
aquaria were kept under the same conditions of temperature (27 ±1oC), pH(7.2±0.1), and photoperiod (14 hours
light/10 hours' dark) and dissolved oxygen (DO2: 7.5±0.1mg/l). 

The basal control diet (diet c) was formulated according to Kim et al. (2003) from practical ingredients
to satisfy all known nutrient requirements of Nile tilapia with adequate levels of vitamin E, }α-tochopheryl
acetate (α-TA). 

Materials:
A- Insecticide:

An emulsified concentrate of organophosphate insecticide lorsban(0,0-diethylO-3,5,6-trichloro-
2pyridylphosphorothioate) with commercial name Chlorzane EC® (a.i. chlorpyrifos, 480g/l), a kind gift of the
Egyptian Ministry of Agriculture and Land Reclamation was used in the present study(source: TMKafr El-Ziate
for pesticide and chemicals Co., Egypt).b- Vitamin E: Vitamin E, as α-tocopheryl acetate (α-TA) was purchased
from Chemical Industries Development (CID) Company, Al-Haram, Giza, Egypt.

Determination of the 96-hr Half Lethal Concentration (96-hr Lc50) and the Safe Levels of Lorsban
Insecticide:

The fish were starved for 24h prior to the experimentation and then the water was renewed(Monteiro et
al., 2006). Ten concentrations (4.8, 9.6, 14.4, 19.2, 24, 28.8, 33.6, 38.4, 43.2 and 48 µg/l) of lorsban were
freshly prepared and distributed in test glass aquaria; each one contains 10 subadults (O. niloticus L.) There
were six replicates for each concentration, resulting in 60 subadults for each concentration. Control fish were
maintained simultaneously in separate aquaria without lorsban, at the same levels of the biological loading in
the aquaria of treated groups. All these aquaria were kept for 96 hours under the same conditions of aeration,
temperature, pH and photoperiod as during acclimatization period. Mortality was assessed at 24, 48, 72 and
96h and the dead individuals were removed immediately. The 96-h LC50 (µg/l) was determined according to
Behreus and Karbeur (1953) 

The calculated 96-h LC50 value of liquid lorsban to subadults Nile tilapia (O. niloticus L.) (18.09±0.3g and
10.5±0.06cm) was 26.4µg/l at 27±1Co. The calculated safe concentrations of lorsban were ranged from 2.64
to 0.264µg/l, they were derived by multiplying the 96 hr LC50 with an application factor "between" 0.01 to
0.1(Koesoemadinate, 1980). The mortality rate enhanced with the increase of exposure level and time, while
control mortality was zero.

Experimental Groups:
A-subethal Toxicity Test:

The 2.64 and 5.28µg/l lorsban, being sLC50 and ƒLC50 fractions, respectively of 96h LC50 value of lorsban
insecticide to subadults (O. niloticus L.) were used in the sub-lethal study. Thirty six test glass aquaria (10
fish per aquarium) were divided into sex groups (six replicate for each group). The first, second and third
group were fed diet C and exposed to 0, 2.64 and 5.28µg/l lorsban, respectively. The fourth, fifth and sixth
group were fed diet T and also exposed to 0, 2.64 and 5.28µg/l lorsban, respectively. The treatments of the
first, second, third, fourth, fifth and sixth groups will be as follows: control, 2.64µg/l lorsban treated, 5.28µg/l
lorsban treated, vitamin E treated, vitamin E + 2.64µg/l lorsban treated and vitamin E +5.28µg/l lorsban treated,
respectively. 

B- Tissue Sampling:
Five fish from each treatment were randomly collected at the end of 1st, 2nd, 3rd and 4th week at a fixed

sampling time. To avoid confounding results with sampling time, individual fish was taken sequentially from
each treatment. The fish were anesthetized in 200 ml of de-chlorine tap water containing 200 mg/l MS-222
(3-aminobenzoic acid ethyl ester methane sulfonate salt; Sigma, St. Loiuis, MO, USA, A-5040) (Zha et al.,
2007). Following the biometry, liver organ were carefully excised in this sequence for morphometric,
histopathological, histochemical biochemical and studies. 
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Methods:
A-morphometric Data:

Hepatospmatic index was calculated

B- Histopathological and Histochemical Examinations: 
Tissues specimens from three fish per treatment were removed and small pieces of liver organs were

immediately fixed in neutral buffered formalin 10%, dehydrated in ascending grades of ethanol, embedded in
soft paraffin, sectioned at 5µm thickness and stained with hematoxylin and eosin (H&E) for histological
examination, while stained with periodic acid Schiff’ s (PAS) reagent and mercury bromphenol blue for the
histochemical estimation of liver glycogen and total proteins, respectively (Bancroft & Gamble 2002).

C- Quantitative Measurements of Liver Glycogen and Proteins Contents:
Quantitative measurements of glycogen and total proteins in the cytoplasm of the liver cells were achieved

by using(Leica Qwin 500c) image analyzer computer system(England), in National Research Center (NRC),
pathology department. Computer assisted image analysis was used to detect the mean gray level of glycogen
and total proteins through quantitative integrated optical density in sections stained with periodic acid Schiff
(PAS) reagent and Mercury bromphenol blue, respectively. In each specimen (group) 10 fields were measured
with the use of magnification 400 X. The mean grey is the sum of grey values for each pixel within the
measure frame optionally masked by binary image /number of pixels measured.

D- Biochemical Study(liver Aspartate Aminotransferase and Alanine Aminotransferase):
After the fish were dissected, liver samples were removed from five fish for each treatment, then

immediately each liver sample was weighted separately, homogenized in 20 volumes (W/V) in iced-cold 0.15M
KCl, using a Heidolph 50110 R2RO homogenizer. Then centrifuged in a Sorvall RC-2B centrifugation at -2oC
at 3500 rpm for 30min. The supernatant was used to measure liver enzymes activities (Bergmyr, 1974). Liver
aspartate aminotransferase and alanine aminotransferase activities were measured according to Reitman and
Frankel (1957).

Statistical Analysis:
Statistical analysis was performed using the one way analysis of variance(ANOVA) and Duncan’s multiple

range tests and student’s t-test to determine the effect of lorsban and/or vitamin E on the different parameters.
The three-way ANOVA was applied to investigate the effects of lorsban concentrations (0µg/l, 2.64µg/l and
5.28µg/l), vitamin E supplementation (0 and 450mg/kg dry diet) and exposure time(1,2,3 and 4 weeks) and
their interactions on different parameters. All data were represented as mean of 5 specimens ± SE, except in
the quantitative measurements for liver glycogen and total proteins were represented as mean of 10 field ±SE.
Statistical significance was accepted at P>0.05. All statistics were carried out using Statistical Analysis Systems
(SAS) program (SAS, 2009) ®.

Results:
A-histopathological Studies:

The histopathological alterations of the 2.64µg/l lorsban, 5.28µg/l lorsban, vitaminE, vitamin E+2.64µg/l
lorsban and vitamin E+5.28µg/l lorsban Nile tilapia (Oreochromis niloticus L.) treated with were demonstrated
in the gills, liver and kidneys. 

The liver of control group of Nile tilapia (Oreochromis niloticus L.) showed normal structure (Fig. 1). The
pancreatic tissue invades the liver along the branches of the portal vein. The hepatic and pancreatic tissues
form the hepatopancreas. The liver of the control groups showed normal structure through the four weeks of
the experimental period.

Liver of Nile tilapia (Oreochromis niloticus L.) of the vitamin E treated group showed normal architecture
(Fig 2).

The liver of the 2.64µg/l lorsban treated group showed several pathological changes throughout the
experimental periods. Changes in the hepatic cells and cloudy swelling of hepatocytes, atrophy of pancreatic
cells and leucocytic infiltration were noticed at the end of second week (Fig.3). Hyperatrophy of hepatocytes
and pancreatic cells with discontinuity in the neighborhood of the pancreatic areas and dilatation of pancreatic
vessel were noticed with fatty degeneration, dilatation and congestion of pancreatic vessel, brown pigments and
atrophy of pancreatic cells (Fig.4) were observed at the end of the experiment. 
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Fig. 1: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) showing
normal architecture, hepatocyte (double stars), bile canaliculus (star) and hepatic cell cord (arrow). H&
E. X 400.

Fig. 2: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E showing normal architecture; hepatocyte (arrow head), bile canaliculus (star) and hepatic cell cord
(arrow). H & E. X 400.

Fig. 3: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 2.64µg/l
lorsban for two weeks showing cloudy swelling of heapatocytes (small arrow), atrophy of pancreatic
cells (arrow head) and leucocytic infiltration (arrow). H & E. X 400.

Liver of the 5.28µg/l lorsban treated group showed cloudy swelling and fatty degeneration of t hepatocytes
were observed at the end of first week (Fig.5). Dilatation and congestion of the pancreatic vessel, hyperatrophy
of pancreatic and hepatic cells with discontinuity in the neighborhood of the pancreatic areas were observed
and focal necrosis with leucocytic infiltration and fiber formation (Fig.6) were noticed after three weeks of
treatment. These changes were persisting after four weeks. 

Liver of the vitamin E + 2.64µg/l lorsban treated group showed atrophy of hepatocytes with pancreatic
cells with leucocytes infiltration were recorded after two weeks of treatment (Fig.7) In addition, architecture
destruction of pancreatic cells, congestion of and endothelial degeneration of pancreatic vessels were noticed
and necrotic hepatocytes were very pronounced at the end of the experiment (Fig.8).
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Fig. 4: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 2.64µg/l
lorsban for four weeks showing fatty degeneration (arrow), dilatation and congestion of pancreatic
vessel (star), brown pigment (arrow head), atrophy of pancreatic cells (double headed arrow). H &
E. X 400.

Fig. 5: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 5.28µg/l
lorsban for one week showing cloudy swelling (arrow) and fatty degeneration (arrow head). H & E.
X 400.

Fig. 6: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 5.28µg/l
lorsban for three weeks showing fatty degeneration (arrow), around the focal necrosis with leucocytic
infiltration (star), fiber formation (arrow head). H& E. X 400.

Liver of the vitamin E + 5.28µg/l lorsban treated group showed also pathological changes throughout the
experimental periods. Brown pigments, dilatation and congestion of sinusoids and single cell necrosis of
hepatocyte (Fig.9) were observed at the end of the first week of treatment. Destruction of hepatic architecture,
with discontinuity with pancreatic cells and narrowing of pancreatic vessel were very pronounced were recorded
after three weeks of treatment (Fig.10). The previous changes still pronounce until the end of the experiment.



Aust. J. Basic & Appl. Sci., 5(12): 75-94, 2011

81

Fig. 7: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E+2.64µg/l lorsban for two weeks showing hyperatrophy of hepatic (small arrow) and pancreatic cells
(arrow) with leucocytes infiltration (arrow head). H & E. X 400. 

Fig. 8: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E+2.64µg/l lorsban for four weeks showing sever fatty degeneration (arrow) and necrotic hepatocytes
(arrow head). H& E. X 400.

Fig. 9: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E+5.28µg/l lorsban for one week showing atrophy of hepatocytes (arrow), dilatation and congestion
of hepatic capillaries (small arrow) and brown pigments (arrow head). H & E. X 400.

B- Histochemical observations and Image analysis studies:
Image analysis was used to detect the mean gray level of glycogen and total proteins through quantitative

integrated optical density in the liver sections stained with periodic acid Schiff (PAS) reagent and Mercury
bromphenol blue, respectively.
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1- liver Proteins Content:
Liver sections of control fish (Oreochromis niloticus L.) stained with mercury bromophenol blue revealed

that, a homogenous distribution of the total proteins in the cytoplasm of the hepatocytes, indicated as a blue
colored inclusions. (Fig.11). This image was similar in intensity in hepatocytes of vitamin E treated group
(Fig.12).

Fig. 10: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E + 5.28µg/l lorsban for three weeks showing dilatation and congestion of pancreatic vessel (star)
with endothelial degeneration (arrow head), pycnosis of hepatic (small arrow) and pancreatic cells
(arrow) and hyperatrophy of pancreatic cells (double arrow). H& E.  X 400.

Fig. 11: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) showing the
distribution of glycogen content in the cytoplasm of hepatocytes. PAS. X 400.

Fig. 12: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E for two weeks showing the decrease in glycogen content in the cytoplasm of hepatocytes. PAS.
X 400.
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At the end of the 2nd week, the total proteins appeared as intensely dark blue colored in the hepatocytes
of the 2.64µg/l, 5.28µg/l treated groups (Fig.13,15 58 and 59). At the end of 3rd week, the total proteins
content of the liver of the 2.64µg lorsban, 5.28µg/l lorsban, treated groups appeared as intensely dark blue
color in the hepatocytes (Figs. 14,16). These increases were also recorded in vitamin E + 5.28µg/l lorsban and
vitamin E + 2.64µg lorsban treated groups but with lesser intensity (Fig. 17,19).

At the end of 4th week, the total proteins in the hepatocytes of the 2.64µg, 5.28µg/l, vitamin E, vitamin
E + 2.64µg and vitamin E + 5.28µg/l lorsban treated groups appeared as dark blue coulred (Figs. 18,20).

Fig. 13: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 2.64µg/l
lorsban for one week showing the increase in glycogen content in the cytoplasm of hepatocytes. PAS.
X 400.

Fig. 14: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
5.28µg/l lorsban for two weeks the increase in glycogen content in the cytoplasm of hepatocytes.
PAS.  X 400.

Fig. 15: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
5.28µg/l  lorsban for one week showing the increase in glycogen content in the cytoplasm of
hepatocytes. PAS.  X 400.
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Fig. 16: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
5.28µg/l (1/5LC50) lorsban for three weeks showing the increase in glycogen content in the cytoplasm
of hepatocytes. PAS.  X 400.

Fig. 17: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 2.64µg/l
lorsban for two weeks showing the increase in glycogen content in the cytoplasm of hepatocytes.
PAS.  X 400.

Fig. 18: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
vitamin E + 2.64µg/l (1/5LC50) lorsban for three weeks showing the increase in glycogen content
in the cytoplasm of hepatocytes. PAS.  X 400.

Fig. 19: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
vitamin E + 2.64µg/l for two weeks showing glycogen content in the cytoplasm of hepatocytes. PAS.
X 400.
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2- Liver Glycogen Content:
Examination of liver sections of control fish (Oreochromis niloticus L.) stained with Periodic acid Schiff

s (PAS) exhibited homogenous distribution of glycogen content in the cytoplasm of the hepatocytes indicated
by purplish fine granules of different sizes (Fig. 21)

At the end of the 1st week, the high intensity of the purple coluor of glycogen content in the hepatocytes
of the 2.64µg lorsban and vitamin E + 2.64µg lorsban treated groups were observed. This was also observed
in the 5.28µg/l lorsban treated group but with stronger intensity (Fig. 23,25).

Fig. 20: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
vitamin E + 5.28µg/l (1/5LC50) lorsban for three weeks showing the increase in glycogen content
in the cytoplasm of hepatocytes . PAS.  X 400.

Fig. 21: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) showing the
distribution of proteins content in the cytoplasm of hepatocytes. Mercury bromophenol blue. X 400.

Fig. 22: Photomorphograph of the liver section of control Nile tilapia Oreochromis niloticus treated with
vitamin E for one week showing the increase in proteins contents in the cytoplasm of hepatocytes.
Mercury bromophenol blue.  X 400.

At the end of 2nd week, the hepatocytes of the 2.64µg/l, 5.28µg/l treated groups showed high intensity of
the purple couler of glycogen content(Fig. 27, 29). While, the hepatocytes of vitamin E, vitamin E + 2.64µg/l
and vitamin E + 5.28µg/l treated groups showed pale purple coulerd of glycogen content (Fig. 28,30).

At the end of 3rd week, glycogen content in the hepatocytes of the 2.64µg/l lorsban treated group appeared
as dark purple colour and became darker in the hepatocytes of vitamin E+5.28µg/l lorsban, vitamin E +
2.64µg/l lorsban and vitamin E treated groups, respectively (Fig. 24,26). 
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Fig. 23: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 2.64µg/l
lorsban for two weeks showing the increase in proteins contents in the cytoplasm of hepatocytes.
Mercury bromophenol blue. X 400.

Fig. 24: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
5.28µg/l lorsban for four weeks showing the slight increase in proteins content in the cytoplasm of
hepatocytes. Mercury bromophenol blue. X 400.

Fig. 25: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
5.28µg/l lorsban for two weeks showing the increase in proteins contents in the cytoplasm of
hepatocytes. Mercury Bromophenol Blue.  X 400.

Fig. 26: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with 2.64µg/l
lorsban for four weeks showing the slight increase in proteins content in the cytoplasm of
hepatocytes. Mercury bromophenol blue. X 400.
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Fig. 27: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
vitamin E + 5.28µg/l lorsban for two weeks showing the increase in proteins content in the
cytoplasm of hepatocytes. Mercury Bromophenol Blue. X 400.

Fig. 28: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
vitamin E + 5.28µg/l lorsban for four weeks showing the increase in proteins content in the
cytoplasm of hepatocytes. Mercury bromophenol blue.  X 400.

Fig. 29: Photomorphograph of the liver section of control Nile tilapia (Oreochromis niloticus L.) treated with
vitamin E for two weeks showing the increase in proteins contents in the cytoplasm of hepatocytes.
Mercury Bromophenol Blue. X 400.

C- Biochemical Analysis of the Liver:
1- Liver Alanine Aminotransferase(alt) Activity:

Liver ALT activity (U/mg) of Nile tilapia Oreochromis niloticus L. recorded at the end of the 1st week
was significantly increased in the 2.64µg/l and 5.28µg/l lorsban treated groups, respectively, compared to the
control group. While, ALT activity of vitamin E + 2.64µg/l and vitamin E + 5.28µg/l lorsban treated groups
were none significantly changed when compared to the control group. At the end of 4th week, the liver ALT
activity were increased significantly the 2.64µg/l, 5.28µg/l, vitamin E + 2.64µg/l and vitamin E + 5.28µg/l
lorsban treated groups, respectively, compared to in the control group (Fig. F).

The results of three-way ANOVA revealed that, lorsban concentrations highly significant affected the liver
ALT activity, while the vitamin E and the time did not significantly affected the liver ALT activity. The
interactions  between  the  lorsban concentrations and the time, the lorsban concentrations and the vitamin E
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Fig. 30: Photomorphograph of the liver section of Nile tilapia (Oreochromis niloticus L.) treated with vitamin
E + 2.64µg/l lorsban for four weeks showing the increase in proteins content in the cytoplasm of
hepatocytes. Mercury bromophenol blue.  X 400.

concentrations as well as the time and the vitamin E concentrations were highly significantly affecting the liver
ALT activity. While, the interaction between the lorsban concentrations and vitamin E concentrations and the
time significantly affected the ALT 

2- Liver Aspartate Aminotransferase(ast) Activity:
At the end of the 1st and 2nd week, the liver AST activity of Nile tilapia Oreochromis niloticus L. was not

significantly changed in the 2.64µg/l, 5.28µg/l, vitamin E, vitamin E + 2.64µg/l and vitamin E + 5.28µg/l
lorsban treated groups compared to the control group. At the end of the 3rd week, the liver AST activity
showed significant increase in the 5.28µg/l lorsban treated group compared to the control value. At the end
of the 4th week, the liver AST activity showed significant increases in 5.28µg/l and vitamin E + 5.28µg/l
lorsban treated groups, respectively, compared to the control group (Fig. G). The results of the three-way
ANOVA revealed that, lorsban concentrations affected significantly the liver AST activity, while vitamin E
and time had no significant effects on liver AST activity. All the interactions between the three factors (lorsban
concentrations, vitamin E and time) had no significant effects on the liver AST activity.

Discussion:
In the present study the different effects(behavioral, histopathological, histochemical, Image analysis,

morphometrical and biochemical) of two 2.64 and 5.28µg/l sublethal concentrations of lorsban (being sLC50

and ƒLC50 doses, respectively) on subadults Nile tilapia (Oreochromis niloticus Linnaeus) and the protective
role of vitamin E against lorsban toxic effects was investigated. 

The calculated 96-h LC50 of lorsban to subadults Nile tilapia (O. niloticus L.) at average body weight
(18.09±0.3g) and total body length (10.5±0.06cm) was 26.4µg/l. The calculated safe concentrations were ranged
from 0.264µg/l to 2.64µg/l, were derived by multiplying the 96 hr LC50 with an application factor of between
“0.01 to 0.1”(Koesoemadinate, 1980 and Babatunde et al., 2001). Such concentrations were lower than the
lowest lorsban measured ambient concentration 24.5ppb(µg/l) in the aquatic environment at Damietta
Governorate, Egypt (Abdel-Halim et al., 2006). This could be interpreted by, lorsban is highly toxic to
subadults (O. niloticus L.) in the tropics and thus the application factor to get a safe level should be lower.
It is well known that, many organophosphates compounds show selective toxicity among fish species (Keizer
et al., 1995). The great range of acute toxicity levels among insecticides for any species or for one compound
among species may be the result of the differences in inhibitory potency for the target and non target enzymes
and/or metabolism (Boone and Chambers, 1997). For example, lorsban is most toxic to common carp fry; acute
toxicity was 3264-fold greater than that of the other insecticide dimethioate (De Mel and Pathiratne, 2005);
whose explained that different species react in different ways to the same pollutant and that they may have
major or minor resistance to it. The differential toxic potential of OPI trichlorfon for different fish species was
attributed to the differences in susceptibility and tolerance related to its accumulation, biotransformation and
excretion (Al-Ghanim et al. (2008). 

The sublethal concentrations of lorsban 2.64 and 5.28µg/l were used in the present study, 0.5-12 µg/l
chlorpyrifos be considered as environmentally relevant concentrations in aquatic systems (Chandrasekara and
Pathiratne, 2007). 
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Fig. 31: 
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Tissue somatic indices are commonly reported in fisheries studies because it is easy determined and some
indices, such as the hepatosomatic index can be an excellent predictor of adverse health in fish (Adams and
McLean, 1985). In the present study, reduction in hepatosomatic index was observed in lorsban treated groups
throughout the experimental periods. Monteiro et al. (2006) recorded also a significant low hepatosomatic index
in freshwater fish (Brycon cephalus) exposed to organophosphate insecticide methyl parathion. Reduction in
the body and organ weights of experimental animals was induced by organophosphates (Chung, et al., 2002).

Hepatosomatic index of vitamin E treated group, in the present work, showed none significant changes
throughout the experimental periods. This in agreement with Du et al., (2006) who recorded that, the
hepatosomatic index was not affected by the dietary α-tocopherol levels. 

Tissue histology, is considered an indicator of exposure to pollutants, represents a useful tool to assess
the degree of pollution, particularly for sublethal and chronic effects (Cengiz and Ünlü, 2003).
Histopathological changes in the present study were recorded in the liver of fish (O. niloticus L.) treated with
lorsban and vitamin E + lorsban for four consecutive weeks.

The common liver abnormalities observed in the present study were loss of parenchymal architecture, fatty
degeneration, vacuolar degeneration, atrophy and necrosis of hepatic and pancreatic cells with leucocytic
infiltration. The recorded results in the present study were almost similar to those observed by Tilak et al.
(2005) and Kunjamma et al. (2008) recorded pyknotic nucleus, protein precipitation, pancreatic acini appeared
with the loss normal structure and necrosis of the hepatic and pancreatic tissue in freshwater fish (Catla catla)
and (Oreochromis mossambicus) treated with chlorpyrifos.

The present results were more or less in agreement with other studies. in which necrosis and lipidosis
vacuolization, an increase of macrophage aggregates and eosinophilic granular cells were recorded in fish
treated with insecticides malathion and paraquat, respectively (Figueiredo-Fernandes et al., 2006, Elezaby et
al., 2001).

In the present study, the liver showed more severe changes with increased concentration and the duration
time. These were proved in freshwater fish (Ophiocephalus punctatus) and (Puntius conchonius) treated with
sublethal concentrations of insecticide diazinon and dimethoate, respectively(Sastry and Sharma, 1981 and Gill
et al., 1988). This may be due to that, as the liver is the major site of detoxification (Nagai et al., 2002), it
is expected that the toxicant insecticide would reach there in abundance for detoxification and disposal
(Mushigeri and David, 2005). 

Fatty vacuolar degenerations of hepatic tissues could reflect abnormal lipid metabolism (e.g., lipid
peroxidation) (Teh et al., 2004), which one of the molecular mechanisms involved in insecticide-induced
toxicity (Gultekin et al., 2000). Since lipid accumulation was prominently observed in the present study, it
might be an indication of earlier liver damage (Anthony et al., 1986). While, Al-Jahdali et al.,(2007) recorded
that, accumulation of the lipid droplets in the hepatocytes cytoplasm could be considered as a defense
mechanism.

In the present study, the appearance of pycnotic nuclei indicated that the cells became hypofunctional and
focal necrosis were also observed in the liver of the fish (Heteropneustes fossilis) and (Brachydanio rerio)
(Rodrigues and Fanta, 1998) exposed to organophosphate insecticide malathion and dimethoate 500,
respectively. Focal necrosis is probably due to that, liver cells are involved in the metabolic transformation of
the insecticide, causing functional and structural changes to the cells (de Melo et al., 2008). 

There was biochemically in the present study the changes in liver AST and ALT activities. Morphological
changes in the liver supported many various biochemical reactions as indicated by enzyme activities (Gül et
al., 2004). Nemcsok et al., (1987) recorded that liver tissue necrosis was associated by the rise in the activities
of AST and ALT following the exposure of carp fish (Cyprinus carpio) to an organophosphate pesticide. 

Since the hepatocytes remained injured during the entire periods of the experiment, there seemed to have
been either very more uptake of lorsban by the liver or there was a very slow transformation of accumulated
insecticide into innocuous metabolites. Which supported by Gill et al., (1988) who reported that, changes in
the liver clearly suggested impaired metabolic status of this vital organs. This was confirmed histochemicaly
by changes in the liver glycogen and proteins contents of the present study. 

The liver of the vitamin E treated fish in the present study showed normal tissue structure similar to the
control group. This comes in agreement with Baker and Davies (1996a) and Gibson Gaylord et al.(1998) who
recorded no abnormal pathologies changes detected in the liver of their studied fish fed different dietary
vitamin E supplementations. 

From all the previous studies we found that, liver lesions have been reported in several studies is
indication of the related response of the fish with pesticide. However, the nature and concentration of toxicant
and exposure time are important factors influence the changes in liver tissue.
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The morphometric study included hepatosomatic indices. Tissue somatic indices are commonly reported
in fisheries studies because it is easy determined and some indices, such as the hepatosomatic index can be
an excellent predictor of adverse health in fish (Adams and McLean, 1985). In the present study, reduction
in hepatosomatic index was observed in lorsban treated groups throughout the experimental periods. Monteiro
et al., (2006) recorded also a significant low hepatosomatic index in freshwater fish (Brycon cephalus) exposed
to organophosphate insecticide methyl parathion. Reduction in the body and organ weights of experimental
animals was induced by organophosphate insecticides (Chung, et al., 2002). 

Hepatosomatic index of vitamin E treated group, in the present work, showed none significant changes
throughout the experimental periods. This in aggrement with Du et al.(2006) who recorded that, the
hepatosomatic index was not affected by the dietary α-tocopherol levels. 

Proteins are good indicators of metabolic activity of cell (Arshad et al., 2007). In the present study, an
increase in the liver protein content in lorsban treated groups was recorded throughout the experimental periods.
Gill et al., (1990) recorded that, the sublethal concentration of organophosphate phosphamidon increased total
proteins in the liver of freshwater fish, (Puntius conchonius), which are needed for repair of damaged cell
organelle and tissue regeneration. Hazarika et al., (2003) and Kalender et al., (2005) revealed that, insecticides
cause disorder in protein metabolism leading to either decrease or increase in protein content. This must be
due to alteration in either protein synthesis and {or degradation (Koll et al., 2003).  

The increase in liver protein content, observed in the present study, in the vitamin E treated group
throughout the experimental periods could be attributed to increase hepatic alpha-tocopherol transfer protein
(αTTP) needed to bind the supplemented α-tocopherol. Since vitamin E(α-tocopherol) tended to accumulate in
the liver prior to redistribution to other tissues (Dutta-Roy et al., 1994), the preferential retention could be
achieved through the selective, high affinity binding of -α-tocopherol to the hepatic alpha-tocopherol transfer
protein (αTTP) (Morley et al., 2008). It has to be mentioned that very rare references were found concerning
the study of vitamin E with the used lorsban pesticide.

Liver is the main carbohydrate store in fish (Ramesh and Saravanan, 2008) and plays a major role in blood
glucose homeostasis by maintaining a balance between the uptake and storage of glucose (Hoseini et al., 2006).
In the present study, liver glycogen content was increased in the lorsban treated groups at the first three weeks
of the experiment. Since it is known that insecticides disturb or increase carbohydrate metabolism, lorsban
insecticide could be responsible for this increase (Samuel and Sasiry 1989 and Satar et al., 2004). 

In generally, fish exposed to pesticides, show present hyperglycemia which is may be consequence of
cholinesterase inhibition (de Aguiar et al., 2004). Thus the accumulation of liver glycogen content in the
present results may be attributed to an inhibition of glucagon secretion (Satar et al., 2004). This suggestion
is supported by the increase of glucose level in freshwater common carp Cyprinus carpio treated with
chlorpyrifos (Ramesh and Saravanan, 2008). 

Bakthavathsalam (1980) attributed the increase of glycogen levels in the liver of freshwater fish (Anabas
testudineus) treated with pesticides to an increase in succinate dehydrogenase activity levels. While,
Bakthavathsalam and Reddy (1982) recorded that, the high liver glycogen content in furadan insecticide treated
fish (Anabas testudineus) showed impairment in the carbohydrate metabolism. They added also that, this
elevation in glycogen content may be an indication of successful adaptation to furadan toxicity or may be due
to the inhibition of glycogenolysis or due to the initiation of glycogenesis. 

The insignificant change in the liver glycogen in the lorsban treated group was observed in the present
study at the end of 4th week. Similar studies showed the same results (Mishra and Srivastava, 1983 and Sancho
et al., 1997a) using organophosphate insecticide. In the present study, vitamin E couldn’t prevent the increase
in liver glycogen content of lorsban treated fish.

Enzyme activities are considered as sensitive biochemical indicators effects occur in fish and are important
parameters for the presence of toxicants (Velmurugan et al., 2008). The alanine aminotransferase(ALT) and
aspartate aminotransferase (AST) are liver specific enzymes and they are more sensitive measure of
hepatotoxicity and histophathalogic changes (Rao, 2006C).

ALT plays an important role in transporting amino group in a non-toxic form via a pathway called glucose
alanine cycle in liver(Arshad et al., 2007). The present results revealed, significant increases in liver ALT in
lorsban treated fish throughout the experimental periods. Morowati (1997) recorded that, the elevation of ALT
activity appears to reflect an acute hepatic disease more specifically than using AST values.

In the present study, minor significant change was observed in liver AST of fish treated with lorsban along
the experimental periods. A significant increase in the liver AST activity of fish treated with the high sublethal
concentration of lorsban at the end of the 3rd and 4th week was observed. Similar increase in the liver AST
and/or ALT were recorded in carp fish (Cyprinus carpio) exposed to glyphosate (Neskovic et al., 1996). de
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Aguiar et al., (2004) attributed the increase observed in the liver AST to mitochondrial membrane damage.
While, Arshad et al., (2007) revealed that, the raised level in liver AST may be due to enzyme induction as
a result of insecticide stress or due to the adverse effect of the insecticide on the oxidation by Kreb's cycle.
Liver AST and ALT activities of Nile tilapia O. niloticus showed no significant changes in the vitamin E
treated fish throughout the experimental periods of the present research. Vitamin E couldn’t protect hepatocytes
from the increases in liver ALT and AST activity in the lorsban traded groups. These present results are also
supported by Arshad et al., (2007) who recorded that, vitamin E did not protect hepatocytes against lorsban
toxic effects.

Ramaswamy et al., (1999) reported that, AST and ALT are known to play a strategic role in mobilizing
L-amino acids(like alanine and aspartic acid) for gluconeogenesis. This was confirmed histochemically by the
present observed increase in the liver protein contents in lorsban treated fish. They added that, fish adaptively
increase the activity levels of tissue AST and ALT to meet the energy demand under pesticide stress, possibly
by promoting gluconeogenesis. Thus, the significant increases in liver AST and ALT recorded in the present
study could be due to the stress effect of lorsban as an insecticide. Salah El-Deen and Rogers (1993) returned
the increase level of liver AST and ALT activities in grass carp (Ctenopharyngodon idella) treatmented with
different concentrations of diquat to a disturbance in Kreb’s cycle. They added that, decreased activity of
Kreb’s cycle causes a decrease in Kreb’s cycle intermediates, AST and ALT compensate through providing
α-ketoglutarate. Ghorpade et al. (2002) recorded also an increase activity of liver AST and ALT in freshwater
fish (Cirrhina mrigala) treated with diethyl phthalate (DEP). AST and ALT function as a link between
carbohydrate and protein metabolism (Barse et al., 2007), indicated in the present study as the significant
changed in liver glycogen and protein content. From all of the previous we can noticed that, the liver ALT
activity can be used as a biomarker to evaluate poisoning by lorsban and can be used as indicator for pesticide
toxicity than liver AST. 
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