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This study conducted in 2014 investigated the histopathological effects of Cyperdicot and vitamin E 
supplementation on some selected organs in juveniles of Clarias gariepinus. Fish were exposed to 0. 
0.08 and 0.16 mg/L Cyperdicot and vitamin E. Fish were divided into six groups: control, 0.80 mg/L; 
Cyperdicot, 0.16 mg/L; Cyperdicot, vitamin E, vitamin E + 0.08 mg/L Cyperdicot, and vitamin E + 0.16 
m/L Cyperdicot insecticide. There was significant relation between temperature, pH, and dissolved 
oxygen with Cyperdicot concentration. The LC50 value based on probit analysis was found to be 0.08 
mg/L for 96 h. Samples were taken at fixed times for histopathological studies. The fish exhibited 
behavioural and dermatological changes. Vitamin E + 0.08 mg/L Cyperdicot and vitamin E + 0.16 mg/L 
Cyperdicot treated fish showed abnormalities in their behaviour. Gills, liver, and kidneys of the 0.08 
mg/L Cyperdicot treated group also showed several histopathological changes during the experimental 
periods. The organs of the fish treated with vitamin E + 0.16 mg/L Cyperdicot induced histopathological 
changes. The toxic effect of Cyperdicot is clear on the behavioural and histopathological aspects of the 
fish gills, liver, and kidney tissues, while vitamin E had no amelioration effects on them.  
 
Key words: Cyperdicot, vitamin E, Clarias gariepinus, pesticide, sub lethal toxicity.      

 
 
INTRODUCTION 
 
The application of environmental toxicological studies on 
non-mammalian vertebrates is rapidly expanding, and for 
aquatic system, fish have become the indicators for the 
evaluation of the effects of noxious compounds  (Ervnest, 

2007). Pesticides occupy a unique position among many 
chemicals which are encountered daily by man. 
Cyperdicot is an agrochemical pesticide formulated with 
dimethoate and cypermetrin. It is a broad-spectrum 
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pesticide widely used throughout the world for agriculture 
and domestic purposes (Ali et al., 2009). Pesticides at 
high concentrations are known to reduce the survival, 
growth, and reproduction of fish and produce many 
visible effects on fish (Rahman et al., 2002). Peebua et 
al. (2007) recorded that, the 96-h LC50 values of 
Cyperdicot freshwater fish rainbow trout and fat head 
minnows were 15 and 0.8 µg/L, respectively.  

A great proportion of acute poisoning cases are caused 
by exposure to pesticides, especially organophosphate 
(OP) compounds. The primary mechanism of action of 
OP pesticides is based on inhibition of the 
acetylcholinesterase (AChE) enzyme (Eto, 1979). Once 
AChE has been inactivated, acetylcholine (Ach) 
accumulates throughout the nervous system, resulting in 
overstimulation of muscarinic and nicotinic receptors. 
Like all organophosphate insecticides, Cyperdicot acts on 
the nervous system as inhibitor of AchE, an enzyme that 
hydrolyzes acetylcholine (Ach). Ach is a molecule that is 
involved in the transmission of nervous signals from 
nerves to nerves and between neurons in the brain 
(Jungera, 2014). Due to Cyperdicot toxicity, the 
Environmental Protection Agency (EPA) has classified it 
as restricted use pesticide (RUP) that warrants special 
handling (ATSDR, 2005). Large amounts of pesticides 
find their ways into water bodies due to repeated 
application for the control of pests. The indiscriminate use 
of pesticides, careless handling, accidental spillage or 
discharge into natural water ways have harmful effects on 
fish population and other aquatic organisms and may 
contribute to long-term effects  (Nwani et al., 2013b) 

Histopathological studies help to establish casual 
relations between exposure to contaminants and various 
biological responses and have proven to be a sensitive 
tool used in detecting direct effects of chemical 
compounds within target organs of laboratory 
experiments (Altinok and Capkin, 2007; Boran et al., 
2012). A study of histopathology provides very important 
and useful data concerning changes in cellular or sub-
cellular structure of an organ much earlier than external 
notification. One of the advantages of using 
histopathological biomarkers in environmental studies is 
that it allows the examination of target organs and the 
alterations found in these organs are easier to identify 
than functional ones (Fanta et al., 2003). These 
alterations serve as warning signs of damage to the 
wellbeing of the organism. 

Histopathological biomarkers in the gills may be 
valuable as indicators of the general health of the fish 
and mirror effects of exposure to a variety of 
anthropogenic pollutants (Wiieyaratne and Pathiratne, 
2006). The histopathological effects on the gills of 
freshwater fish showed necrosis, abnormalities to gill 
lamellae, extensive fusions of secondary lamellae, and a 
thick coat of mucus on the gill filaments upon exposure to 
Cyperdicot (Rao et al., 2005). In addition, hyperplasia of 
the   gill   filaments,  edema   separation  of   primary   gill 

 
 
 
 
lamellae, haemorrhage in the blood vessel, clubbing, 
fusion of adjacent filaments, and hyperplasia in the 
secondary lamellae in freshwater Clarias gariepinus 
exposed to Cyperdicot were also observed. 

The kidney, for instance, is a target of toxic chemicals, 
which can disrupt its functions, and cause temporary or 
permanent derangement of homeostasis. Several authors 
recorded histopathological changes in the kidney and 
liver of freshwater fish, Puntius conchoniu and Channa 
punctatus exposed to organophosphate insecticides, 
such as diazinon, monocrotophos, dimethoate, and 
elsan, respectively (Miller, 2002). Todd and Van Leeuwen 
(2002) reported that pesticides present in aquatic 
environments can affect aquatic organisms in different 
ways which include toxic effects at both lethal and sub-
lethal concentration which may change their growth rate, 
development, reproduction, histopathology, biochemistry, 
physiology, and behaviour. The most histopathological 
changes in the kidney and liver of freshwater catfish 
(Heteropneutes fossilis) and zebra fish (Danio rerio) 
exposed to insecticide Cyperdicot were shrunken 
glomeruli, dilated lumina of the renal tubules, vacuolated 
blood cells in the glomerular tuft, caryolysis, 
and   widespread vacuolar degeneration of the 
hepatocytes (Scheil et al., 2009).  

Clarias species are mostly freshwater fish which are 
distributed throughout African and Asian lakes, swamps, 
and rivers. Clarias can be obtained throughout the year in 
Nigerian rivers and are anadromous (Akinwole and 
Faturoti, 2007; Adewolu et al., 2008). The fish is in high 
demand because of its flesh and good taste. To meet the 
ever increasing demand, C. gariepinus is the fish of 
choice in Nigerian aquaculture. There has been paucity 
of information on the effect of Cyperdicot on freshwater 
cat fish in Nigeria aquatic ecosystem. Hence, this work 
determined the half-lethal concentration (96 h LC50) of the 
insecticide to juveniles of C.  gariepinus in order to 
evaluate the effect of its sub-lethal toxicity on some 
selected organs (gills, liver and kidneys) of the fish, and 
the effect of vitamin E supplementation against the 
different concentrations of Cyperdicot pesticide were also 
evaluated. 
 
 

MATERIALS AND METHODS 
 

Experimental fish  
 

Three hundred African catfish, C. gariepinus juvenile (mean weight 
150 ± 5.20 g, length = 35.00 ± 2.50 cm) were obtained from Sacen 
Fish Farm, Enugu, Nigeria and transported in a 300 L capacity 
plastic tank to the Fisheries Wet Laboratory, Department of Zoology 
and Environmental Biology, University of Nigeria Nsukka. The fish 
specimens were treated with 0.05% potassium permanganate to 
avoid possible dermal infections. They were acclimatized for 20 
days in a 1000 L plastic tank during which they were fed 3% body 
weight (BW) in divided rations twice daily (7.00 am and 7.00 pm) 
with locally laboratory prepared pelleted diet containing 35% crude 
protein (Eyo et al., 2013). The feeding was terminated 24 h prior to 
the range finding and toxicity  test  to  avoid  interference  of  faeces  



 
 
 
 
(Reish and Oshida, 1987). The ethical guidelines of the Animal 
Care Committee (UNN-EGACC, protocol no. 0430/2013) of the 
University of Nigeria, Nsukka were strictly followed. 
 
 

Pesticide 
 
Cyperdicot is composed of cypermethrin and dimethoate. 
Cypermethrin is an insecticide in the synthetic pyrethroid family, first 
marketed in 1977. The primary manufacturers in the U.S. are 
Zeneca Inc., FMC Corp., and American Cyanamid Co. Common 
brand names are Demon, Cymbush, Ammo, and Cynoff. 
Dimethoate, first marketed in 2001 by FAO, is an organ phosphorus 
and systemic pesticide with stomach and cholinesterase inhibition 
actions. The trade names are Danadim, Rogo, and Roxion. The 
primary manufacturers in Denmark and Italy are Cheminouta. 
 
 

Diets  
 

The basal control diet (diet C) was formulated according to Kim et 
al. (2003) from practical ingredients to satisfy all known nutrient 
requirements of C. gariepinus with adequate levels of vitamin E, a-
tochopheryl acetate in diet (a-TA). 
 
 

Vitamin E  
 
Vitamin E is composed of a compound that includes tocopherols 
and tocotrienols. The molecules that contribute a-tocopherols 
activity are four tocopherols and four tocotrienols, identified by 
alpha (a), beta (β), gama (y), and delta (ð). The brand names are 
Aqua-E, Aquasol E, Aqueous Vitamin E and E-400 clear (Packer et 
al., 2001). 
 
 

Toxicity test 
 

Determination of the LC50 concentration 
 

A toxicity assay to determine the 96 h LC50 values of Cyperdicot 
was conducted with a definitive test in a semi-static system in the 
laboratory following standard methods (APHA, AWWA, WPCF, 
2005). A range-finding tests (5, 4, 3.5, 3, and 2.5 mg-1) was carried 
out to determine the concentrations of the test solution for the 
definitive test. The test solution was changed on every alternate 
day to counter-balance the decreasing pesticide concentrations. To 
prevent oxygen depletion, experimental tanks were continuously 
oxygenated using an air pump. Dead fish were immediately 
removed to avoid possible deterioration of the water quality. 
Behavioural changes in fin and opercular movements, equilibrium 
status, swimming rate, air gulping, and skin coloration during the 
test period were observed. In the definitive test, a set of 10 fish 
specimens was randomly exposed to Cyperdicot at 5, 4, 3.5, 3, and 
2.5 mg-1 concentration. Another set of 10 fish specimens was 
simultaneously maintained in tap water, without test chemical, and 
considered as control. The experiment was set in triplicate to obtain 
LC50 values of the test chemical under a photoperiod of 12 h light 
and 12 h dark. 
 
 

Determination of sub-lethal concentrations  
 

The 96 h LC50 value of Cyperdicot on C. gariepinus was determined 
to be 0.80 mg/L. Based on this value, two sub-lethal concentrations 
of 0.08 and 0.16 mg/L corresponding to 1/20 and 1/10th of the 96 h 
LC50 of the pesticide, respectively, were prepared by serial dilution 
of the stock solution and were used for in vivo exposure. A total of 
90 fish from the acclimatized  batch  were  used  during  the  in  vivo  
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experiment. The fish were randomly divided into three groups of 30 
fish without regard to sex. Fish in the first treatment group were 
exposed to tap water and served as control, while those in the 
second and third groups were treated with 0.08 and 0.16 mg/L of 
Cyperdicot, respectively. The exposure lasted for a period of 4 
weeks during which the fish were fed daily with small quantity of 
food approximately 1% of total body weight about an hour before 
the test solution was renewed to avoid catabolism and subsequent 
mortality. 
 
 
Morphometric data 
 
The condition factor (CF) and hepatosomatic index (HSI) of the fish 
were calculated after White and Fietcher (1985) as follows: 
 
Condition factor (CF) = Bodyweight (g)/Standard length (cm) 3 × 100 
 
Hepatosomatic index (HIS) = Liver weight (g)/Bodyweight (g) × 100 
 
 
Experimental design 
 
The 96 h LC50 of Cyperdicot insecticide to juveniles of C. gariepinus 
was determined to be 0.80 mg/L. In the sub lethal toxicity test, fish 
were exposed to 0.08 mg/L (1/10 LC50) and 0.16 mg/L (1/5 LC50) 

Cyperdicot and/or vitamin E and as a result, six concentrations 
were established and used for the definitive test for four weeks: (i) 
Group 1: Control; (ii) Group 2: 0.08 mg/L Cyperdicot; (iii) Group 3: 
0.16 mg/L Cyperdicot; (IV) Group 4: vitamin E; (v) Group 5: vitamin 
E + 0.08 mg/L Cyperdicot; (vi) Group 6: vitamin E + 0.16 mg/L 
Cyperdicot. 

Fish were collected at the end of the 1st, 2nd, 3rd and 4th week 
for behavioural and histopathological studies. The cumulative 
mortality was recorded throughout the period of study and the fish 
were examined to determine the cause of their death. The 
immediate behavioural changes of the fish were recorded before 
death. 
 
 
Histopathological examinations 
 
On 1, 7, 14, 21 and 28 days, one fish from each replicate treatment 
group and control was sacrificed after anesthetizing with tricaine 
methanesulfonate (MS 222) to minimize stress. The fish were 
dissected and gill, kidney, and liver tissues were removed, 
preserved in 10% phosphate buffered formalin for 24 h, dehydrated 
by a series of upgraded ethanol solution, embedded in paraffin, and 
sectioned at 5 µm thick. A total of three tissue sections of gill, 
kidney, and liver each per fish for each replicate concentration were 
routinely processed and stained with Hematoxylin and Eosin (H&E) 
and examined by light microscopy according to Bancroft and 
Gamble (2002). Photomicrographs were then taken and the fish of 
the control groups were compared with that of exposed groups 
under the guidance of a pathologist. 
 
 
Statistical analysis 
 
Mean values were analyzed for significant differences (p ≤ 0.5) 
using the analysis of variance (ANOVA). Differences between 
means were partitioned using the Duncan new multiple range test. 
The mean physicochemical parameters of the test concentrations of 
Cyperdicot on C. gariepinus were observed. Condition factor and 
hepatosomatic indices were calculated. The Statistical Package for 
Social Sciences (SPSS), version 17, was used for all analysis. The 
probity value was determined from the probity model developed by 
Finney (1971). 
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Table 1. Mean physicochemical parameters of the test concentrations (Cyperdicot) on C. gariepinus. 
 

 Parameter pH Temperature (°C) Cond (µM/cm) DO (mgl
-1

) Alk (mg/L) Th (mg/L) 

Control 7.0±0.1
a
 26.0±0.7

a
 67.0±0.1

a
 6.3± 0. 24.2±0.1 6.2±0.2 

0.08 mg/L Cyperdicot 6.9±0.2
a
 27.0±0.1

b
 66.4±0.2

b
 5.4±0.1 23.9±0.8 6.0±0.1 

0.16 mg/L Cyperdicot 6.7±0.1
b
 27.2±0.1

b
 65.3±0.3

b
 5.3±0.6 23.6±0.2 5.8±0.3 

Vitamin E 6.6±0.2 
c
 27.4±0.3

c
 63.8±0.6

c
 5.2±0.1 22.8±0.9 5.6±0.2 

0.08 mg/L Cyperdicot + Vitamin E 6.3±0.3
c
 27.5±0.1

c
 62.1±0.2d

e
 4.9±0.1 22.6±0.5 5.4±0.6 

0.16 mg/L Cyperdicot + Vitamin E 63±0.0.1
e
 27.0±0.3

d
 59.2 ±0.2

e
 4.7±0.2 22.1±0.3 4.9 ±0.4 

 

Cond = conductivity, micro-siemens per centimeter (µscm
-1
); DO = dissolved oxygen (mgl

-1
); milligram per litre; Alk = total alkalinity = milligram 

per litre =mgl
-1
; Th = total hardness = milligram per litre = mgl

-1
. 

 
 
 
RESULTS  
 
The mean physicochemical parameters of the test 
concentration (Cyperdicot) on C. gariepinus are shown in 
Table 1. 
 
 
Toxicity and behavioural responses 
 
No adverse behavioural changes or any mortality were 
recorded in the control fish and vitamin E throughout the 
period of the bioassay (Table 2). The behaviour of the 
control fishes and their colour were normal. Symptoms of 
toxicosis observed in the fish behaviour with Cyperdicot 
include lack of balance, agitated or erratic swimming, air 
gulping, restlessness, sudden quick movement, 
excessive secretion of mucus, and swimming on the 
back. The juveniles of C. gariepinus exposed to sub-
lethal concentrations (0.08 and 0.16 mg/L) of Cyperdicot, 
respectively exhibited fast behavioural changes even at 
the low concentration. Fish showed a colour fading and 
retardation in opercular movement. They also lost their 
feeding appetite. An increase in skin mucus secretion 
and its bioaccumulation on the gills were also observed. 
Vitamin E treated fish were behaviourally normal and had 
good appetite as the control group. Those treated with 
vitamin E + Cyperdicot showed abnormalities in their 
behaviour similar to that of the fish treated with 
Cyperdicot. 
 
 
Mortality 
 
The percentage mortality increased with increase in 
toxicant concentration. Catfish juveniles were exposed to 
0.08, 0.16, vitamin E + 0.08 and vitamin E+ 0.16 had 
6.67, 13.33, 9.71, and 13.33% mortalities, respectively 
(Table 3). The first 24 h LC50 at 95% confidence limit was 
estimated as 1100.78 mg/L. The percentage mortality at 
second day increased with the toxicant concentration. 
Catfish juveniles exposed to 0.08, 0.16, vitamin E + 0.08 
and vitamin E + 0.16 mg/L had 13.33, 13.33, 9.16, 6.01, 

and 5.96% mortalities, respectively (Table 3). The second 
day LC50 at 95% confidence limit for toxicant 
concentration was estimated as 416.67 mg/L. The 
percentage mortality at third day increased with the 
toxicant concentration. Catfish juveniles exposed to 0.08, 
0.16, vitamin E + 0.08 and vitamin E + 0.16   mg/L had 
16.51, 26.67, 33.33, 19.61, and 24.39% mortalities, 
respectively (Table 3). The third day LC50 at 95% 
confidence limit for toxicant concentration was estimated 
at 181.76 mg/L. The percentage mortality at the fourth 
day increased with the toxicant concentration. Catfish 
juveniles exposed to 0.08, 0.16, vitamin E + 0.08 and 
vitamin E + 0.16 mg/L had 6.67, 13.33, 10.11 and 
13.05% mortalities, respectively (Table 3). The four days 
LC50 at 95% confidence limit for toxicant concentration 
was estimated at 152.02 mg/L. 
 
 
Morphometric results 
 
Condition factor (CF) 
 
Condition factor is an index of growth rate. The condition 
factor (mg/cm

3
) of C gariepinus of all treated groups did 

not significantly change after the end of the 1st, 2nd and 
4th week as compared to the control group. Condition 
factor recorded at the end of the 3rd week significantly 
decreased in the 0.16 mg/L Cyperdicot and vitamin E and 
0.16 mg/L Cyperdicot treated groups, respectively 
compared to the control group (Table 4). The results by 
the three-way ANOVA revealed that, Cyperdicot 
concentrations and time significantly affected the CF. 
Vitamin E did not significantly affect the CF, while the 
interaction between vitamin E and time significantly (p < 
0.001) affected the CF.  
 
 
Hepatosomatic index (HSI) 
 
The hepatosomatic index (%) of juveniles of C. 
gariepinus recorded at the end of 1st week significantly (p 
< 0.05) decreased to 0.23 ± 0.035% in 0.16 mg/L
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Table 2. Behavioural and dermatological changes of C. gariepinus juveniles exposed to various concentrations of Cyperdicot. 
 

Parameter 

Toxicity test 

Exposure time (h) 

24 48 72 96 

Concentration (mg/L) 

0 0.08 0.16 
Vit. 
E 

0.08 + 
Vit. E 

0.16 + 
Vit. E 

0 0.08 0.16 
Vit. 
E 

Vit. E 
+ 0.08 

Vit. E 
+ 0.16 

0 0.08 0.16 
Vit.
E 

Vit. E 
+ 0.08 

Vit. E 
+ 0.16 

0 0.08 0.16 
Vit.
E 

Vit. E 
+ 0.08 

Vit. E 
+ 0.16 

                         

Behavioural changes                         

Loss of reflex - + + - + + - ++ ++ - ++ ++ - ++ ++ - ++ ++ - +++ +++ - +++ +++ 

Air gulping - + + - + + - ++ ++ - ++ ++ - ++ ++ - ++ ++ - +++ +++ - +++ +++ 

Erratic swimming - - + - - + - - + - - + - + ++ - + ++ - ++ ++ - ++ +++ 

                         

Dermatological changes                         

Discoloration - + + - + + - ++ ++ - ++ ++ - ++ ++ - ++ ++ - +++ +++ - +++ +++ 

Haemorrhage - - - - - - - - - - - - - + + - + + - ++ ++ - ++ ++ 

                         

 Sub-lethal test  

Exposure time (week) 24 48 72 96 

Behavioural changes                         

Loss of reflex - - - - - - - - - - - - - - - - - + - - - - - + 

Air gulping - + + - + + - - + - + + - + + - + + - + ++ - ++ +++ 

Erratic swimming - - - - - - - - - - - - - - - - - - - + + - ++ ++ 

                         

Dermatological changes                         

Discoloration - + + - + + - + + - + + - + + - ++ + - ++ ++ - ++ +++ 

Haemorrhage - - - - - - - - - - - - - - - - - - - - - - - - 
 

-No significant, +low severity, ++moderate severity, +++high severity. 
 
 
 

Cyperdicot treated group compared to 0.27 ± 
0.028) of the control group. At the end of the 3rd 
week, a significant decrease (0.208 ± 0.015%) of 
the control group was also recorded (Table 5). 
The results of the three-way ANOVA revealed that 
the concentrations significantly (p < 0.001) 
affected the HSI. The interactions between 
Cyperdicot concentrations and time and between 
vitamin E and time significantly (p < 0.01) affected 
the HSI. The interaction between Cyperdicot 
concentrations, vitamin E, and time significantly (p  

< 0.05) affected HSI. 
 
 
Histopathological observations of the gills, 
kidney and liver in C. gariepinus exposed to 
Cyperdicot 
 
The histopathological changes observed in C. 
gariepinus during the experiment are presented in 
Tables 5 and Figures 1 and 2. No alterations were 
observed in the gills, kidney and liver of the 

control. The severity and frequency of gill, kidney 
and liver lesions were found to be more 
pronounced in fish exposed to the highest 
concentration of Cyperdicot. Histopathological 
alterations were concentrations and duration 
dependent.  
 
 
DISCUSSION 
 
Acute and chronic toxicity tests are mostly used to
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Table 3. Percentage mortality of C. gariepinus juveniles exposed to various concentrations of Cyperdicot. 
 

Toxicant concentration (mg/L) 
Percentage mortality 

24 48 72 96 Cumulative mortality (%) 

0 0.00 0.00 0.00 0.00 0.00 

0.08 6.67 13.33 20.00 6.67 46.67 

0.16 13.33 13.33 26.67 13.33 66.67 

Vitamin E 9.71 9.16 16.51 10.11 45.49 

Vitamin E+0.08 6.09 6.01 19.61 6.21 41.79 

Vitamin E+0.16 12.81 5.96 24.39 13.05 41.79 

LC50 (mg/L) 1200.78 426.67 191.76 163.02 60.21 

Log (concentration) 3.08 2.63 2.28 2.21 - 

 
 
 

 Table 4. Condition factor (FC) (g/cm3) of juveniles of C. gariepinus daily exposed to various   concentrations of Cyperdicot (0, 
0.08 mg/L and 0.16 mg/L) and/or vitamin E (0.450 kg-1 dry weight diet). 
 

 Treatment 
Time intervals 

1st week 2nd week 3rd week 4th week 

Control 0.433±0.10 0.441±0.03 0.455±0.04 1.464±0.03 

0.08 mg/L Cyperdicot 0.631 ±0.05 0.31±0.03 0.334±0.035 1.278±0.06 

0.16 mg/L Cyperdicot 0.769±0.04 0.39±0.05 0.268±0.04* 1.362±0.05 

Vitamin E 0.441±0.08 0.449±0.09 0.525±0.06 1.568±0.05 

0.08 mg/L Cyperdicot + Vitamin E 0.495±0.06 0.442±0.05 0.425±0.03 1.455±0.10 

0.16 mg/L Cyperdicot + Vitamin E 0.434±0.05 0.352±0.06 0.287±0.02* 1.31±0.03 

 
 
 
assess the toxicity of chemicals on non-target organisms 
(Santos et al., 2010). 96 h LC50 is one of the most 
important parameters for evaluating the toxic effects of 
pollutants (Nwani et al., 2015). In the present study, the 
96 h LC50 values of Cyperdicot for the African catfish, C. 
gariepinus was found to be 0.80 mg/L. In general, toxicity 
of chemicals to aquatic organisms has been reported to 
be affected by temperature, pH, dissolved oxygen, size 
and age, strain of species, water quality, concentration 
and formulation of test chemicals (Nwani et al., 2010; 
Boran et al., 2012; Rauf and Arain, 2013). The magnitude 
of toxic effects of pesticides also depends on the length 
and weight, corporal surface/body weight ratio and 
breathing rate (Murty, 1986). Oh et al. (1991) also 
reported that varied inhibition of acetylcholinesterase, 
detoxicification and absorption are factors causing the 
selective toxicity of pesticides for various species of fish.  

Clinical symptoms observed during acute exposure of 
C. gariepinus to Cyperdicot in the present study are 
consistent with the findings of other authors and may 
indicate Cyperdicot-induced suppressed activity 
acetylcholineesterase. The abnormal behavior exhibited 
by fish in the experimental groups, such as abnormal 
swimming behavior are due to inhibition of AChE activity 
leading to accumulation of acetylcholine in choligenic 
synpases, thus causing hyper stimulation. Muralidharan 

(2012) reported that hyperactivity of fish exposed to 
pollutants could be attributed to impaired gill function, and 
the secretion of increased amount of mucus to coat the 
body and gills may be an attempt to produce relief from 
the irritating pollutant. The secretion of copious mucus by 
fish could also be a defense mechanism to neutralize the 
effect of pesticide which gradually covers the body, gills 
and buccal cavity. Repeated opening and closing of the 
mouth and opercula covering accompanied by partially 
extended fin as observed in the present study could be 
due to clearance of the accumulated mucus debris in the 
gill region for proper breathing. Similar behavioral 
changes In C. gariepinus exposed to atrazine and 
chlorpyrifos (Nwani et al., 2013a) and Cirrhinus mrigala 
exposed to diazinon (Rauf and Arain, 2013) have been 
reported. 

Histopathological lesions observed in gill tissues of C. 
gariepinus exposed to Cyperdicot in the present study 
are similar to reports in Cyprinus carpio (Muralidharan, 
2014). Similar pathological lesions in the gill architecture 
were observed in Orochromis niloticus exposed to 
dimethoate (Elezaby et al., 2001), Puntius gonionotus 
exposed to paraquat (Cengiz and Unlu, 2006), 
Oncorhynchus mykiss exposed to fungicide captan 
(Boran et al., 2012) and in Gobiocypris rarus (Yang et al., 
2010), Gnathonemus petersii (Alazemi et al., 2012) and
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Table 5. Summarized histopathological effects in the kidney, gill and liver of C. gareipinus administered exposed to Cyperdicot and the control. 
 

Concentration (mg/kg) 

Liver 

Duration 
(Days) 

Lymphocytic 

infiltration 
Cell rupture 

Congested 
central vein 

Glycogen 

vacuoltion 
Pyknotic necrosis 

Severe of infiltration 
of leukocytes 

        

Control 7 0 0 0 0 0 0 

0.08 7 1 3 2 0 0 0 

0.16 7 0 1 1 0 0 0 

Vit E 7 0 0 0 0 0 0 

Vit E+0.08 7 0 0 0 0 0 0 

Vit E +0.16 7       

        

Control 14 0 0 0 0 0 0 

 0.08 14 0 0 1 0 2 0 

0.16 14 0 1 2 0 0 0 

Vit E 14 3 0 0 0 0 0 

Vit E+0.08 14 0 0 0 0 0 0 

Vit E +0.16 14       

        

Control 28 0 0 0 0 0 0 

0.08 28 0 3 3 0 0 0 

0.16 28 0 0 0 0 0 0 

Vit E 28 0 0 0 0 0 3 

Vit E+0.08 28 0 0 0 0 0 0 

Vit E 0.16 28 0 0 0 0 0 0 

        

  Concentration (mg/kg) 

Gill 

Duration 
(Days) 

Necrotic 

tubules 

Tubule disintegration/ 

degeneration 
Cystic spaces 

Proliferation of 
polymorphonuclear cells 

Vacuolation 
Hematopoetic 

tissue 

Control 7 0 0 0 0 0 0 

0.08 7 1 3 2 0 0 0 

0.16 7 0 1 1 0 0 1 

Vit E 7 0 0 0 0 0 0 

Vit E+0.08 7 0 0 0 0 0 0 

Vit E +0.16 7       

        

Control 14 0 0 0 0 0 0 

 0.08 14 0 0 1 0 2 0 
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Table 5. Contd. 
 

0.16 14 2 1 2 0 0 1 

Vit E 14 0 0 0 0 0 0 

Vit E+0.08 14 0 0 0 0 0 0 

Vit E +0.16 14       

        
Control 28 0 0 0 0 0 0 

0.08 28 0 3 3 0 0 0 

0.16 28 0 0 0 2 0 0 

Vit E 28 0 0 0 0 0 0 

Vit E+0.08 28 0 0 0 0 0 0 

Vit E 0.16 28 0 0 0 0 0 0 

        

Concentration (mg/kg) 

Kidney 

Duration 
(Days) 

Congestion of 
bloodspaces 

Hypertrophy Epithelia lifting Oedema 
Obliteration of 

lamellaearchitecture 
Necrosis of epithelia 
cells/damage of gills 

Control 7 0 0 0 0 0 0 

0.08 7 3 1 1 0 1 1 

0.16 7 0 0 2 0 0 1 

Vit E 7 0 2 0 0 0 0 

Vit E+0.08 7 0 0 1 0 0 0 

Vit E +0.16 7  0 1 0 0 0 

        
Control 14 0 0 0 0 0 0 

 0.08 14 1 0 1 0 2 1 

0.16 14 0 1 2 0 0 0 

Vit E 14 0 0 0 0 0 0 

Vit E+0.08 14 0 0 0 0 0 0 

Vit E +0.16 14 0 0 0 0 0 0 

        
Control 28 0 0 0 0 0 0 

0.08 28 0 3 3 0 2 0 

0.16 28 0 0 0 0 0 0 

Vit E 28 0 0 0 0 0 0 

Vit E+0.08 28 1 0 0 0 0 0 

Vit E 0.16 28 0 0 0 0 0 0 
 

Lesions were scored based on their severity (0 = none, 1 = mild, 2 = moderate, 3 = strong).  
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Figure 1. (A) Photomicrography of gill section of control group of juveniles’ C. gariepinus showed no significant 
lesion ×400. (B) The 0.16 mg/L Cyperdioct administration on gill showed: a. Epithelia hyperplasia, lamellar 
aneurysm. b. Leucocytes infiltration and hyalinization of adductor muscles. c. Deformation of the cartilage, necrosis 
of epithelial cells, completes destruction of the gills, obliteration of lamellae architecture. (x400). (C) The Vitamin E 
and 0.08 mg/L Cyperdicot showed congestion of entire lamellae and epithelia hyperplasia, vacuolar degeneration 
pillar cells infiltration and Synechiae x400. (D) The 0.16 mg/L Cyperdicot, 1.70 mg/L hyperplasia and aneurysm, 
oedema intraepithelial oedema, fused epithelia hyperplasia. (E) Kidney observations: Control showed normal 
architecture and renal tubule x400. (F) The 0.08 mg/L Cyperdicot. a) Swelling of epithelial cells of renal tubule with 
diluted lumen and occlusion lumen and fragmentation of glomeruli. b) Complete destruction of tubule architecture, 
fragmentation of glomerulus brownish pigments x 400. (G) The 0.08 mg/L Cyperdicot. a) Swelling of epithelial cells 
of renal tubule with diluted lumen and occlusion lumen and fragmentation of glomeruli. b) Complete destruction of 
tubule architecture, fragmentation of glomerulus brownish pigments ×400. 

 
 
 

 
 

Figure 2.  (A) Liver of C. gariepinus ×400. The 4 week exposed to 0.08 mg/L Cyperdicot showing glycogen 
vacuolation. (B) Liver C.gariepinus of ×400. The 4 week exposed to Vitamin E + 0.08 mg/L. Cyperdicot showing 
severe infiltration of leukocytes (arrow) pyknotic (N) and vacuoles(L).  (C) Liver of C.gariepinus x400. The 4 week 
exposed to 0.16 mg/L +  Vitamin E Cyperdicot showing diffused hepatic necrosis. 

 
 
 
C. carpio (Blahova et al., 2014) exposed to atrazine. 
Epithelial hypertrophy could be as a result of epithelial 
detachment as stated by Machado and Fanta (2003). 
Epithelial lifting increases the distance through which the 
toxicant reaches the blood stream thereby causing 
impaired oxygen uptake (Kumar et al., 2010); it could 

result in dysfunction or even non-functional gills and 
eventually suffocate the fish. Lamella fusion could be a 
protective mechanism as it reduces the amount of 
vulnerable gill surface area. According to Olurin et al. 
(2006), these pathological changes may be a reaction to 
toxicant intake or  an  adaptive  response  to  prevent  the  

              
             A                              B                                C                                   D 

          
             E                                           F                                              G 

        

The 4 week exposed in the control showed no significant lesion observed. 

 
Figure20b: Liver of C.gariepinus x400. 

    

central vein. 

 
Figure 20e:Liver C.gariepinus of X400.The 4 week exposed to Vit E+0.08mg/l 

Cyperdicot showing severe infi ltration of leukocytes (arrow) pyknotic (N) and vacuoles(L)  

 
Figure20f:Liver of C.gariepinus X400 

   

central vein. 

 
Figure 20e:Liver C.gariepinus of X400.The 4 week exposed to Vit E+0.08mg/l 

Cyperdicot showing severe infi ltration of leukocytes (arrow) pyknotic (N) and vacuoles(L)  

 
Figure20f:Liver of C.gariepinus X400 
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entry of the pollutants through the gill surface and 
probably increase capillary permeability. 

Histopathologically, this was due to proliferation of 
mucus cells and epithelial hyperplasia of gills. This could 
be as a result of coating the body so as to reduce contact 
with the toxic environment and get relief from the 
pollutant irritation (Al-Ghanim et al., 2008).  

The liver of the exposed fish had slightly vacuolated 
cells showing evidence of fatty degeneration. Necrosis of 
some portions of the liver tissue observed resulted from 
the excessive work required by the fish to get rid of the 
toxicant from its body during the process of detoxification 
by the liver. The degenerative changes in the 
hepatocytes of C. gariepinus were found to increase as 
the investigation progresses into weeks. In Sri Lanka, 
gills of Rasbora caverii collected from canals near rice 
fields, covering pesticide application periods during rice 
cultivation season showed also similar changes (De Silva 
and Samayawardhena, 2002; Wijeyaratne and 
Pathiratne, 2006) with juvenile guppics (Poecilla 
reticulate Peters) exposed to sub-lethal concentration of 
Cypercicot (Rao et al., 2005; Kunjamma et al., 2008). 

The different concentrations of Cyperdicot used in this 
study under different exposure periods showed different 
degrees of pathological changes. Similar results were 
recorded in the freshwater fish (P. gonionotus, Gambusia 
affinis and Corydoras paleatus) exposed to pesticides 
Paraquat and Dimethoate (Elezaby et al., 2001; Cengiz 
and Unlu, 2003; Fanta et al., 2003; Jiraungkoorskul et al., 
2003).  

These vacuolar degenerating of glomerular tuft, 
shrinkage of some glomeruli and dilatation of others, 
increased Bowman’s capsule space, cloudy swelling of 
some epithelial tubules and dilatation of tubules lumens 
and obstruction observed are in agreement with the 
changes in the kidney of freshwater fish (Piaractus 
mesopotamicus) exposed to organophosphate insecticide 
(Mataqueiro et al., 2009). The shrinkage in renal 
corpuscles clearly indicated that treated fish adopt some 
other routes of nitrogen excretion while the dilation of the 
renal corpuscles may be due to an increase in the 
filtration rate and consequently in urine volume, which 
may be a mechanism used by fish to overcome the toxic 
effect of the pesticide (Roy and Bhattacharya, 2006). The 
decreases in the tubular lumen may be due to the cloudy 
swelling of the epithelial cells of the renal tubules, which 
could be a reversible change; also, the dilation in the 
tubules lumen may be due to the marked decrease in the 
length of the epithelial cells as a result of epithelial 
tubules degeneration. In the present study, the 
recognized homogenous eosinophilic deposits within 
tubular lumen could be attributed to the protein leakage 
into the filtrate due to the glomerular disease (Roberts, 
2001). 

Cyperdicot used in the present research caused some 
histopathological changes in the kidney tissues and the 
vitamin E was not  able  to  prevent  these  changes.  The 

 
 
 
 
insecticide Cyperdicot caused kidney damage, and a 
combination of vitamins E and C reduced partially this 
damage. On a relative basis, Cyperdicot appears to be 
capable of producing a wider spectrum of significant 
histopathology impairments in fish with even sub-lethal 
concentrations and should be categorized as an 
important pollutant of the aquatic environment (Oncu et 
al., 2002).  

The morphometric study included condition factor and 
hepatosomatic indices. The condition factor (mg/cm

3
) of 

C. gariepinus of all treated groups showed very minor 
change; significant decrease in the condition factor of 
0.16 mg/L Cyperdicot at the end of the 3rd week when 
compared with the control group and vitamin E could not 
prevent this decrease. The significant lower condition 
factor was recorded by Teh et al. (2005) in Pogonichthys 
macrolepidotus exposed to sub lethal concentrations of 
diazinon. The few changes in condition factor in the 
present experimental periods could be attributed to this 
factor. This factor could not be enough sensitive 
biomarker to measure the environmental stress in natural 
environments (Wiieyaratne and Pathiratne, 2006). The 
recorded non-significant effect of vitamin E on the 
condition factor throughout the experimental periods was 
also recorded in the freshwater fish rainbow trout (O. 
mykiss) (Al-Juary et al., 2006). This indicated that the 
addition of a-tocopherol to the diet did not significantly 
alter the palatability of the diet, its nutrient content, and 
the caloric values (Al-Juary et al., 2006). Tissue somatic 
indices, such as the hepatosomatic index are general 
measurement of the overall condition of fish or growth 
status of a specific tissue (West, 1990). The minor 
changes were recorded in the present study in the 
hepatosomatic index of fish treated with Cyperdicot. A 
significant decrease in the hepatosomatic index of fish 
treated with the high sub lethal concentration of 
Cyperdicot was recorded at the end of the 1st and 3rd 
weeks. It could be concluded from the present study that 
the toxic effect of Cyperdicot on fish is clear on their 
behavioural and histopathological aspects of gills, liver 
and kidney tissues while vitamin E has no amelioration 
effects on these parameters.  
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