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ABSTRACT 14 

The toxicity and histopathological effects  of Cypermethrin on the gill and liver tissues of the 15 

Clarias gariepinus were determined in this study. The fish were exposed to six (6) acute 16 

concentrations (0.025mg/l, 0.050mg/l, 0.075mg/l, 0.100mg/l, 0.125mg/l and 0.000mg/l ) for 96 17 

hours. The 96 hours LC50 of the toxicant to the test fish was 0.060mg/L . The most common gill 18 

changes at all doses of cypermethrin in solution were destruction of gill lamella, epithelial 19 

hyperplasia and epithelial hypertrophy. Hepatic lesions in the liver tissues of fish exposed to 20 

Cypermethrin in solution were characterized by degeneration of hepatocyte, vascuolization of 21 

cell cytoplasm, fatty degeneration and hypertrophy of hepatocytes. Histological comparison of 22 

tissues indicated that most damage occurred in the gill rather than in the liver. 23 

 24 

INTRODUCTION 25 

The application of environmental toxicology studies on non-mammalian vertebrates is rapidly 26 

expanding, and for aquatic system, fish have become indication for the evaluation of the effects 27 

of noxious compounds. (Evrnest, 2004). Pesticides occupy a unique position among many 28 

chemicals which are encountered daily by man. They are deliberately added to the environment 29 

for the purpose of killing, injuring or at times enhancing the development of some forms of life. 30 

Pesticides represent one group of agro-chemicals that are used in large quantities by agro-31 

farmers. 32 



 

 

The use of pesticides has increased rapidly since World War II, and several recent studies show 33 

that pesticide residues frequently occur in surface water in agricultural areas (Høysæter, 1994; 34 

Larson et al., 1999; Ule´n et al., 2002. Many aquatic species are taxonomically related to the 35 

target organisms of pesticides. Cypermethrin is a synthetic pyrethroid used for the control of 36 

ectoparasites which infest cattle, sheep, poultry and some companion animals. Recently, the 37 

compound has been used as a chemotherapeutic agent for the control of ectoparasite infestations 38 

(Lepeophtheirus salmonis and Caligus elongatus) in marine cage culture of Atlantic salmon, 39 

Salmo salar (Richards, 1983; Roth et al.,1993; Hart et al., 1997; Boxaspen and Holm, 2001; 40 

Treasurer and Wadsworth, 2004).  41 

Fish sensitivity to pyrethroids may be explained by their relatively slow metabolism and 42 

elimination of these compounds. The half-lives for elimination of several pyrethroids by rainbow 43 

trout are all longer than 48 h, while elimination half-lives for birds and mammals range from 6 to 44 

12 h (Bradbury and Coats, 1989b). 45 

The present study aimed to determine the effect of acute toxicity and histopathological effect of 46 

Cypermethrin on juveniles of Clarias gariepinus in a static bioassay. 47 

 48 

MATERIAL AND METHODS 49 

180 healthy juveniles of Clarias gariepinus of the same cohort with average weight 50 

(16.62±4.36)g, standard length (12.64±1.03) cm and total length (14.97±8.94) cm were sourced 51 

from the hatchery unit of the Federal college of Freshwater Fisheries Technology, Baga 52 

Maiduguri, Borno State. They were acclimatized for seven (7) days during which they were fed 53 

5% of their body weight with commercial Coppens (2mm). Feeding was stopped 24hrs prior to 54 

the commencement of the toxicity test experiment 55 

TOXICITY TEST 56 

A preliminary range finding test was carried out based on the concentration of the active 57 

ingredient in the test chemical. The range finding was done using the following concentrations; 58 

0.1mg/l,10mg/l and100mg/l of Cypermethrin for 24hrs in triplicates. The concentration was done 59 

using a serial dilution formula C1V1 = C2V2. 60 

The result obtained from the range finding test provided a guide for the definitive test. Following 61 

this, the definitive test was carried out using; 0.025mg/l, 0.050mg/l, 0.075mg/l, 0.100mg/l, 62 

0.125mg/l and 0.000mg/l of Cypermethrin. The result obtained was used to determine the 63 

median lethal concentration (Lc50) using Probit analysis. 64 

EXPERIMENTAL PROCEDURE 65 



 

 

A total of eighteen (18) glass aquaria were used for the definitive toxicity test. Ten juveniles of 66 

Clarias gariepinus were introduced into each aquarium with 20 litres of water with; 0.025mg/l, 67 

0.050mg/l, 0.075mg/l, 0.100mg/l, 0.125mg/l and 0.000mg/l concentration of Cypermethrin at the 68 

same time. Each of the toxicant concentration was replicated three times each. The experiment 69 

was carried out using a static non-renewal bioassay for 96 hours. Mortality and general behavior 70 

of fish were noted 24 hourly. 71 

HISTOPATHOLOGICAL EXAMINATION 72 

The histology of the gills and liver of Clarias gariepinus was carried out after 96hours exposure 73 

period to the various concentration of the toxicant (Cypermethrin). 74 

TISSUE PROCESSING 75 

Organs of gills and liver were collected and fixed in 10% formal saline for one week.  They were 76 

then processed for routine paraffin histological sectioning. The tissues were dehydrated through 77 

graded concentration of ethanol (30%, 50%, 70%, and 90%), absolute ethanol and cleared in 78 

xylene. The tissues were pre-impregnated in xylene paraffin wax in the oven and embedded in 79 

pure paraffin wax. The organs were sectioned at 7µm thickness and tissues were stained with 80 

Haematoxylin and Eosin (H&E) for light microscopic examinations (Drury et al. 1967). 81 

RESULTS  82 

FISH BEHAVIOUR AND MORTALITY 83 

During exposure, the test fish exhibited the following behavioural patterns before death 84 

occurred; restlessness, respiratory distress, loss of balance, gasping for air, vertical movement, 85 

excessive accumulation of mucus on the skin and death. The reaction to the toxicant was more 86 

pronounced in the aquaria containing the highest three (3) of 0.075mg/l, 0.1mg/l and 0.1mg/l 87 

concentrations of the toxicant. The mean cumulative mortality value, log 10 values of the 88 

concentrations, the total numbers of exposed fish and the probit kills’ values are presented on 89 

Table 4.1. The observation made with control group were however different, they had stable 90 

swimming and no respiratory stress. 91 

LETHAL CONCENTRATION (LC50) 92 

The result obtained from this research work showed that the 96 hour LC50 was determined to be 93 

0.060mg/l by plotting the graph of probit kill values against log of concentration and finding the 94 

values  of 50% probit kill as against the antilog value on log concentration value (FIG.1).  95 

The stressful behaviour exhibited by the fish may be attributed to the effects of the toxicant on 96 

the gill. This was clearly noted from the result of histopathological examination of the gill. The 97 

observed increase in erratic swimming, instability and subsequent immobilization before death 98 

which is directly proportional to the concentration of the toxicant could be attributed to the 99 



 

 

respiratory impairment of the gills filaments by the insecticide. Seve100 

work on similar patterns of abnormal behavioural responses in fish exposed to toxicant (Wade, et 101 

al., 2002, Oti, 2002) .Previous histopathological studies of fish exposed to pollutant have shown 102 

that fish gills are efficient indicators of water quality. Fish gills are vulnerable to pollutants in 103 

water because of their large surface area and external location. However, the gills perform 104 

numerous functions, which include respiration, excretion of nitrogenous waste products and 105 

acid-base balance.  106 

107 

Fig. 1: 96 hour LC50 of Clarias gariepinus exposed to different concentration of cypermethrin in 108 

static system 109 

LIVER TISSUE 110 

The liver tissue (plate I) of fish in the control set up showed a normal hepatocyte radiating from 111 

the central vein and sinusoids. It exhibited the typical parenchymatous appearance. The 112 

histomorphology of liver specimens exposed to cypermethrin insectides showed a significant 113 

variation from the control group. Live114 

cypermethrin shows a wide spread sinusoids haemorrhage, mild area of congestion, necrosis and 115 

vacuolation.A focal area of mononuclear cell infiltration was also evident. Specimen of liver 116 
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exposed to 0.05mg/l (plate III117 

congestion, cloudy swelling of hepatocyte and a focal area of inflammatory cells. Liver of fish 118 

exposed to 0.075mg/l ( plate IV) showed a wide spread of fatty tissue degeneration thus, leading 119 

to a fatty tissue,  cloudy swelling of hepatocyte wit120 

observed in the liver of fish exposed to 0.1mg/l (plate V a  and b) of Cy121 

indicates inflammatory cells, vacuolation enlarge fatty tissue122 

 123 
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128 

Plate. I.  Photomicrograph of fish liver of control showing normal hepatocytes (arrows), radiating 129 

away from central vein (CV) and sinusoids (arrow head) H&E x400.130 
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d to 0.05mg/l (plate III) of cypermethrin showed an enlarged vascular c
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to a fatty tissue,  cloudy swelling of hepatocyte with a severe thick fibrous connective tissue 
observed in the liver of fish exposed to 0.1mg/l (plate V a  and b) of Cypermethrin. Plate VI 
indicates inflammatory cells, vacuolation enlarge fatty tissue 
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137 

Plate II.  Photomicrograph of fish liver treated with 0.025mg/L of 138 

spread sinusoidal haemorrhages (S) and mild areas of coagulative necrosis (CN) H&E x400.139 
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Plate II.  Photomicrograph of fish liver treated with 0.025mg/L of Cypermethrin showing wide 
spread sinusoidal haemorrhages (S) and mild areas of coagulative necrosis (CN) H&E x400.
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Cypermethrin showing wide 
spread sinusoidal haemorrhages (S) and mild areas of coagulative necrosis (CN) H&E x400. 



 

 

Plate : III .Photomicrograph of fish liver treated with 0.050mg/L of Cypermethrin143 

enlarged vascular channel (arrow), congestion (CG) and cloudy swelling hepatocytes (CW) H&E 144 

x400. 145 
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Plate: III Photomicrograph of fish liver treated with 0.050mg/L of Cypermethrin showing wide 149 

spread cloudy swelling of hepatocytes (150 

x400. 151 

152 

Plate : III .Photomicrograph of fish liver treated with 0.050mg/L of Cypermethrin
enlarged vascular channel (arrow), congestion (CG) and cloudy swelling hepatocytes (CW) H&E 

 

Photomicrograph of fish liver treated with 0.050mg/L of Cypermethrin showing wide 
spread cloudy swelling of hepatocytes (CH) and focal area of inflammatory cells (arrow) H&E 
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Plate : III .Photomicrograph of fish liver treated with 0.050mg/L of Cypermethrin  showing 
enlarged vascular channel (arrow), congestion (CG) and cloudy swelling hepatocytes (CW) H&E 

Photomicrograph of fish liver treated with 0.050mg/L of Cypermethrin showing wide 
CH) and focal area of inflammatory cells (arrow) H&E 



 

 

Plate:VI  Photomicrograph of fish liver treated with 0.125mg/L of Cypermethrin showing thick 153 

fibrous connective tissue (FB), inflammatory cells (thick arrows) and vacuolation154 

x400. 155 

 156 

157 

Plate.V  Photomicrograph of fish liver treated with 0.10mg/L of Cypermetrin showing enlarged 158 

vascular channel (arrow), congestion (CG) and cloudy swelling (CW) H&E x400159 
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GILL TISSUE 161 

The degree of damages and variation 162 
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Plate:VI  Photomicrograph of fish liver treated with 0.125mg/L of Cypermethrin showing thick 
fibrous connective tissue (FB), inflammatory cells (thick arrows) and vacuolation

 

Photomicrograph of fish liver treated with 0.10mg/L of Cypermetrin showing enlarged 
vascular channel (arrow), congestion (CG) and cloudy swelling (CW) H&E x400

The degree of damages and variation noticed are shown in photomicrograph. Photomicrograph 
of fish gill treated with 0.025mg/l of cypermethrin shows gill necrosis, congestion, cartilage and 

haemorrhages (Plate VII ). This was more evident in higher concentration of the 
e. Gills exposed to0.05mg/l showed a multi focal area of interstitial haemorrhages. The 
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gills. Infiltration, cartilage and interstitial haemorrhages were variation noticed in the gills of fish 

of cypermethrin.(Plate X ). The gill arches of Clarias gariepinus in the 
control fish showed normal arrangement pattern. The arches contain primary lamella (Plate XI 

ojecting on the lateral sides of the primary and secondary lamella (respiratory lamella) .This 
ultimately showed a normal gill without any alteration or damages. Varied morphological 
changes occurred in the gill tissue of fish in the aquaria treated with cypermethrin pesticide.
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fibrous connective tissue (FB), inflammatory cells (thick arrows) and vacuolation (arrows) H&E 
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vascular channel (arrow), congestion (CG) and cloudy swelling (CW) H&E x400 
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176 

Plate :VII . Photomicrograph of fish gills treated with 0.025mg/L of Cypermethrin  showing gill 177 

necrosis (GN), congestion (CG), cartilage (CT) and interstitial haemorrhage (arrows) H&E x40.178 
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180 

Plate: VIII . Photomicrograph of fish gills treated with 0.050mg/L of Cypermethrin showing (IH) 181 

interstitial haemorrhage (arrows) H&E x400182 

 

. Photomicrograph of fish gills treated with 0.025mg/L of Cypermethrin  showing gill 
necrosis (GN), congestion (CG), cartilage (CT) and interstitial haemorrhage (arrows) H&E x40.

 

. Photomicrograph of fish gills treated with 0.050mg/L of Cypermethrin showing (IH) 
interstitial haemorrhage (arrows) H&E x400 
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. Photomicrograph of fish gills treated with 0.025mg/L of Cypermethrin  showing gill 
necrosis (GN), congestion (CG), cartilage (CT) and interstitial haemorrhage (arrows) H&E x40. 

. Photomicrograph of fish gills treated with 0.050mg/L of Cypermethrin showing (IH) 
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Plate: IX  Photomicrograph of fish gills treated with 0.075mg/L of Cypermethrin showing severe 184 

gill necrosis H&E x400 185 

 186 

 187 

 188 

Plate:X . Photomicrograph of fish gill treated with 0.100mg/L of Cypermethrin showing necrosis 189 

of the gill filament (thin arrows),  interstitial haemorrhage (thick arrows) cartilage (C) H&E x400 190 
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Plate:XI . Photomicrograph of control fish gills showing normal gills H&E x400 193 

 194 

DISCUSSION 195 

Clarias gariepinus juveniles were stressed progressively with time before death. The stressful 196 

behaviour of respiratory impairment due to the toxic effect of cypermethrin on the gills was 197 

similar with the reports of Omitoyin et. al., (2006) and Aguigwo (2002) that pesticide impairs 198 

respiratory organs. Death could therefore have occurred either by direct poisoning or indirectly 199 

by making the medium unconducive or even by both, whichever is the case, the source of death 200 

was cypermethrin. Several abnormal behaviour such as incessant jumping and gulping of air, 201 

restlessness, loss of equilibrium, increase opercula activities, surface to bottom movement, 202 

sudden quick movement, resting at the bottom were similar to the observations of Omoniyi et al., 203 

(2002), Rahman et al., (2002) and Aguigwo (2002). The stressful and erratic behaviour of Clarias 204 

gariepinus juvenile in the experiment indicates respiratory impairment; probably due to the effect 205 

of the toxicant cypermethrin on the gills. The fishes became inactive at higher concentrations 206 

with increased time of exposure to toxicant. 207 

The result of the light microscopic studies showed that the morphologic changes were more 208 

evidence in the liver of exposed fish as changes were not observed in the control fish. The liver 209 

of the exposed fish compared to the control showed varying degree of degeneration of cells, 210 

which include hypertrophy of hepatocytes, Fatty degeneration, vascular channel congestion and 211 

vascuolization of cell cytoplasm; these alterations were dose-dependent. Cengiz et al., (2001) 212 

observed similar histological alterations when varied concentrations of thiodanR were applied to 213 

mosquito fish (Gambusia affinis). Velmurugan et al.  (2003) reported congestion, cloudy 214 

swelling of hepatocyte and focal necrosis in liver of Cirrhinus mrigala exposed to fenvalerate. 215 



 

 

Similar result was reported by Adamu et al (2008), when Oreochromis niloticus was exposed to 216 

solution of Portland cement. Changes such as hyperplasia, disintegration of hepatic mass and 217 

focal coagulative necrosis were found in Labeo rohita exposed to cypermethrin (Jee et al., 2005). 218 

Liver is the detoxification place of toxicants. The hepatic changes suggested mobilization of 219 

same kind of defensive mechanism in an endeavour to detoxify the toxicant-cypermethrin. 220 

CONCLUSION 221 

Juveniles of Clarias gariepinus exposed to various concentration of Cypermethrin showed that 222 

this synthetic pyrethroid was highly toxic to the Clarias gariepinus fingerlings with lethal 223 

concentration (LC50  )of 0.060mg/l. Evidences of toxicity manifested significantly in the 224 

damages caused to the gills and liver studied. The severity of these damages to some selected 225 

organs in the body of the fish is proportional to the concentration of the pesticides. 226 
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Conc. Log10 of Total Numb.of % Probit kill value 



 

 

Table 4.1: Mortality rate, percentage mortality and Probit value of Clarias  263 

gariepinus juveniles exposed to acute dose of Cypermethrin for 96 hour in a   264 

static non-renewal bioassay 265 
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 280 

Mg/l 

 

conc. numb. 

Of exposed 
fish 

dead fish mortality 

0.000   0.00 10 0.0 0.0 00000 

0.025 - 1.60 10 1.3  13 3.8736 

0.050 - 1.30 10 2.7 27 4.3872 

0.075 - 1.12 10 3.3 33 4.5603 

0.100 - 1.00 10 5.0 50 5.0000 

0.125 - 0.90 10 7.3 73 5.6128 

 


