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ABSTRACT

The toxicity and histopathological effects of Cypermethrin on the gill and liver tissues of the
Clarias gariepinus were determined in this study. The fish were exposed to six (6) acute
concentrations (0.025mg/l, 0.050mg/I, 0.075mg/l, 0.100mg/I, 0.125mg/l and 0.000mg/l ) for 96
hours. The 96 hours LC50 of the toxicant to the test fish was 0.060mg/L . The most common gill
changes at all doses of cypermethrin in solution were destruction of gill lamella, epithelial
hyperplasia and epithelial hypertrophy. Hepatic lesions in the liver tissues of fish exposed to
Cypermethrin in solution were characterized by degeneration of hepatocyte, vascuolization of
cell cytoplasm, fatty degeneration and hypertrophy of hepatocytes. Histological comparison of
tissues indicated that most damage occurred in the gill rather than in the liver.

INTRODUCTION

The application of environmental toxicology stud@s non-mammalian vertebrates is rapidly
expanding, and for aquatic system, fish have bedonlieation for the evaluation of the effects
of noxious compounds. (Evrnest, 2004). Pesticidesugy a unique position among many
chemicals which are encountered daily by man. Tdreydeliberately added to the environment
for the purpose of killing, injuring or at timesheamcing the development of some forms of life.
Pesticides represent one group of agro-chemicals dare used in large quantities by agro-
farmers.
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The use of pesticides has increased rapidly sincdd/War 1l, and several recent studies show
that pesticide residues frequently occur in surfaeger in agricultural areas (Hgyseaeter, 1994;
Larson et al., 1999; Ule'n et al., 2002any aquatic species are taxonomically relatech t
target organisms of pesticidgSypermethrin is a synthetic pyrethroid used for toatrol of
ectoparasites which infest cattle, sheep, poultrg some companion animals. Recently, the
compound has been used as a chemotherapeuticfagéme control of ectoparasite infestations
(Lepeophtheirus salmonis and Caligus elongatughamine cage culture of Atlantic salmon,
Salmo salar (Richards, 1983; Roth et al.,1993; learal., 1997; Boxaspen and Holm, 2001;
Treasurer and Wadsworth, 2004).

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

elimination of these compounds. The half-livesdbmination of several pyrethroids by rainbow
trout are all longer than 48 h, while eliminaticalfHives for birds and mammals range from 6 to
12 h (Bradbury and Coats, 1989b).

The present study aimed to determine the effeeicafe toxicity and histopathological effect of
Cypermethrin on juveniles of Clarias gariepinus istatic bioassay.

MATERIAL AND METHODS

180 healthy juveniles of Clarias gariepinus of teame cohort with average weight
(16.62+4.36)g, standard length (12.64+1.03) cm taal length (14.97+8.94) cm were sourced
from the hatchery unit of the Federal college oédhwater Fisheries Technology, Baga
Maiduguri, Borno State. They were acclimatizeddeven (7) days during which they were fed
5% of their body weight with commercial Coppens (@mFeeding was stopped 24hrs prior to
the commencement of the toxicity test experiment

TOXICITY TEST

A preliminary range finding test was carried outséxd on the concentration of the active
ingredient in the test chemical. The range findivegs done using the following concentrations;
0.1mg/1,10mg/l and100mg/l of Cypermethrin for 24hrsriplicates. The concentration was done
using a serial dilution formula C1V1 = C2V2.

The result obtained from the range finding teswgted a guide for the definitive test. Following
this, the definitive test was carried out usingd2Bbmg/l, 0.050mg/l, 0.075mg/l, 0.100mg/l,
0.125mg/l and 0.000mg/l of Cypermethrin. The reslitained was used to determine the
median lethal concentration (Lc50) using Probitlygsis.

EXPERIMENTAL PROCEDURE
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A total of eighteen (18) glass aquaria were usedhe definitive toxicity test. Ten juveniles of
Clarias gariepinus were introduced into each aquasvith 20 litres of water with; 0.025mg/l,
0.050mg/l, 0.075mg/l, 0.100mg/l, 0.125mg/l and 0®@/I concentration of Cypermethrin at the
same time. Each of the toxicant concentration weg$icated three times each. The experiment
was carried out using a static non-renewal bioag®a96 hours. Mortality and general behavior
of fish were noted 24 hourly.

HISTOPATHOLOGICAL EXAMINATION

The histology of the gills and liver of Clarias ggrinus was carried out after 96hours exposure
period to the various concentration of the toxiq&ypermethrin).

TISSUE PROCESSING

Organs of gills and liver were collected and fixed 0% formal saline for one week. They were
then processed for routine paraffin histologicaltieming. The tissues were dehydrated through
graded concentration of ethanol (30%, 50%, 70%, @0%b), absolute ethanol and cleared in
xylene. The tissues were pre-impregnated in xylgaaffin wax in the oven and embedded in
pure paraffin wax. The organs were sectioned at Tiokness and tissues were stained with
Haematoxylin and Eosin (H&E) for light microscoggaminations (Drury et al. 1967).

RESULTS
FISH BEHAVIOUR AND MORTALITY

During exposure, the test fish exhibited the folloyv behavioural patterns before death
occurred; restlessness, respiratory distress,db&slance, gasping for air, vertical movement,
excessive accumulation of mucus on the skin anthd@&he reaction to the toxicant was more
pronounced in the aquaria containing the highestett{3) of 0.075mg/l, 0.1mg/l and 0.1mg/I
concentrations of the toxicant. The mean cumulativartality value, log 10 values of the
concentrations, the total numbers of exposed fish the probit kills’ values are presented on
Table 4.1. The observation made with control growgrze however different, they had stable
swimming and no respiratory stress.

LETHAL CONCENTRATION (LC50)

The result obtained from this research work shotheatithe 96 hour LC50 was determined to be
0.060mg/I by plotting the graph of probit kill v&s against log of concentration and finding the
values of 50% probit kill as against the antil@yue on log concentration value (FIG.1).

The stressful behaviour exhibited by the fish mayakiributed to the effects of the toxicant on
the gill. This was clearly noted from the resulthidtopathological examination of the gill. The
observed increase in erratic swimming, instabiihd subsequent immobilization before death
which is directly proportional to the concentratioh the toxicant could be attributed to the
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respiratory impairment of the gills flaments byetimsecticide. Seral authors have reportt
work on similar patterns of abnormal behaviourapanses in fish exposed to toxicant (Wad
al., 2002, Oti, 2002) .Previous histopathologi¢atges of fish exposed to pollutant have shc
that fish gills are efficient indators of water quality. Fish gills are vulneralbdepbllutants ir
water because of their large surface area and reltéocation. However, the gills perfor
numerous functions, which include respiration, ekon of nitrogenous waste products :
acid-base balance.

probit value

- N

0.0 0.5 1.0 1.5 2.0 2.5
Log concentration

Fig. 1: 96 hour LC50 of Clarias gariepinus exposed to tiffié concentration of cypermethrin
static system

LIVER TISSUE

The liver tissue (plate 1) of fish in the contr@tsip showed a normal hepatocyte radiating f
the central veinand sinusoids. It exhibited the typical parenchymuat appearance. TI
histomorphology of liver specimens exposed to aym@thrin insectides showed a significi
variation from the control group. Lir specimens (plate )ll exposed to 0.025mg/l «
cypermethin shows a wide spread sinusoids haemorrhage, argld of congestion, necrosis ¢
vacuolation.A focal area of mononuclear cell imditton was also evident. Specimen of Ii
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exposd to 0.05mg/l (plate 1) of cypermethrin showed an enlarged vascuhannel of
congestion, cloudy swelling of hepatocyte and alf@cea of inflammatory cells. Liver of fis
exposed to 0.075mg/l ( plate IV) showed a wide apraf fatty tissue degeneration thus, leac
to a fatty tissue, cloudy swelling of hepatocytgh a severe thick fibrous connective tis
observed in the liver of fish exposed to 0.1mglafg@ V a and b) of Cpermethrin. Plate V
indicates inflammatory cells, vacuolation enlarggyf tissur

Ccv

Sinosoids

Plate.l. Photomicrograph of fish liver of control shoginormal hepatocytes (arrows), radiat
away from central vein (CV) and sinusoids (arro\adj)eH&E x400
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Plate Il. Photomicrograph of fish liver treatediw®.025mg/L oiCypermethrin showing wid
spread sinusoidal haemorrhages (S) and mild afeamgulative necrosis (CN) H&E x4(
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143  Plate : Ill .Photomicrograph of fish liver treatetth 0.050mg/L of Cypermethr showing
144  enlarged vascular channel (arrow), congestion (&@)cloudy swelling hepatocytes (CW) H¢
145  x400.
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149  Plate: llIPhotomicrograph of fish liver treated with 0.050mgf Cypermethrin showing wid
150  spread cloudy swelling of hepatocytCH) and focal area of inflammatory cells (arrow) B
151  x400.
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Plate:VI Photomicrograph of fish liver treated . 125mg/L of Cypermethrin showing thi
fibrous connective tissue (FB), inflammatory céttsck arrows) and vacuolati (arrows) H&E
x400.

CG

cw

Plate.V Photomicrograph of fish liver treated with 0.10mgiLCypermetrin showing enlarg:
vascular channel (arrow), congestion (CG) and glavaelling (CW) H&E x40

GILL TISSUE

The degree of damages and varianoticed are shown in photomicrograph. Photomicnolg
of fish gill treated with 0.025mg/| of cypermethshows gill necrosis, congestion, cartilage
interstitialhaemorrhages (Plate V). This was more evident in higher concentratiothe
insecticice. Gills exposed t00.05mg/lI showed a multi focabaof interstitial haemorrhages. T
gills exhibits a marked alteraticdn their epithelia (plate VIII). Plate VIII b further shows
moderate gill necrosis with multi focal haemorrradelate 1X showe the gills of fish treate:
with 0.075mg/I of cypermethrin with severe gill nasis. (Plate X also showed gills of fis
exposed to 0.100mg/l of cypermethrin with extensiaeuolation within the epithelia of tl
gills. Infiltration, cartilage and inteiitial haemorrhages were variation noticed in thks @i fish
treated with 0.125mgdf cypermethrin.(Plate ’). The gill arches of Clarias gariepinus in
control fish showed normal arrangement pattern.dricbBes coiain primary lamella (Plate »)
projecting on the lateral sides of the primary anzbadary lamella (respiratory lamella) .TI
ultimately showed a normal gill without any altépator damages. Varied morphologi
changes occurred in the gill tissue of fish in alj@aria treated withypermethrin pesticid
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177  Plate :VII. Photomicrograph of fish gills treated with 0.02¥mof Cypermethrin showing gi
178 necrosis (GN), congestion (CG), cartilage (CT) emerstitial haemorrhage (arrows) H&E x
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181  Plate: VIII. Photomicrograph of fish gills treated with 0.05f)imof Cypermethrin showing (IF
182 interstitial haemorrhage (arrows) H&E x¢
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Plate: IX Photomicrograph of fish gills treatediw®.075mg/L of Cypermethrin showing severe
gill necrosis H&E x400

Plate:X . Photomicrograph of fish gill treated witH00mg/L of Cypermethrin showing necrosis
of the gill filament (thin arrows), interstitiablemorrhage (thick arrows) cartilage (C) H&E x400
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Plate:XI . Photomicrograph of control fish gillsosting normal gills H&E x400

DISCUSSION

Clarias gariepinus juveniles were stressed promyegswith time before death. The stressful
behaviour of respiratory impairment due to the t¢ogffect of cypermethrin on the gills was
similar with the reports of Omitoyin et. al., (200&nd Aguigwo (2002) that pesticide impairs
respiratory organs. Death could therefore have roedweither by direct poisoning or indirectly
by making the medium unconducive or even by bothickever is the case, the source of death
was cypermethrin. Several abnormal behaviour ssche@essant jumping and gulping of air,
restlessness, loss of equilibrium, increase oparaativities, surface to bottom movement,
sudden quick movement, resting at the bottom wienéas to the observations of Omoniyi et al.,
(2002), Rahman et al., (2002) and Aguigwo (2008 S$tressful and erratic behaviour of Clarias
gariepinus juvenile in the experiment indicatepigory impairment; probably due to the effect
of the toxicant cypermethrin on the gills. The #shbecame inactive at higher concentrations
with increased time of exposure to toxicant.

The result of the light microscopic studies showeat the morphologic changes were more
evidence in the liver of exposed fish as changa® wet observed in the control fish. The liver
of the exposed fish compared to the control showaging degree of degeneration of cells,
which include hypertrophy of hepatocytes, Fattyedegation, vascular channel congestion and
vascuolization of cell cytoplasm; these alteratioreye dose-dependent. Cengiz et al., (2001)
observed similar histological alterations when edrconcentrations of thiodanR were applied to
mosquito fish (Gambusia affinis). Velmurugan et a(2003) reported congestion, cloudy
swelling of hepatocyte and focal necrosis in lieérCirrhinus mrigala exposed to fenvalerate.
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Similar result was reported by Adamu et al (2008)en Oreochromis niloticus was exposed to
solution of Portland cement. Changes such as higseap disintegration of hepatic mass and
focal coagulative necrosis were found in Labeoteobkposed to cypermethrin (Jee et al., 2005).
Liver is the detoxification place of toxicants. Thepatic changes suggested mobilization of
same kind of defensive mechanism in an endeavailgttuxify the toxicant-cypermethrin.

CONCLUSION

Juveniles of Clarias gariepinus exposed to varimuscentration of Cypermethrin showed that
this synthetic pyrethroid was highly toxic to ti@arias gariepinus fingerlings with lethal
concentration (LC50 )of 0.060mg/l. Evidences okitdy manifested significantly in the
damages caused to the gills and liver studied. sEwerity of these damages to some selected
organs in the body of the fish is proportionallie toncentration of the pesticides.
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Mg/l conc. numb. dead fish mortality

Of exposed

fish
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

263 Table4.l: Mortality rate, percentage mortality and Probit value of Clarias
264 gariepinus juveniles exposed to acute dose of Cypermethrin for 96 hour in a
265 static non-renewal bioassay
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