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Preface 

Iftidesirable change JLn physica l , chemical o r b iological 

c h a r a c t e r i s t i c s of our a i r , land and water t h a t may o r wi l l 

harmfully affect hunan l i f e o r t h a t of des i rab le ^ e c i e s , 

our i n d u s t r i a l processes , l i v i n g condit ions and cu l tu ra l 

asse t s ; o r t h a t may or wi l l waste o r d e t e r i o r a t e our raw-

mater ia l resources i s po l lu t i on . Po l lu t an t s are residues 

of the th ings we make, use and throw away (Waste Manage­

ment and Control", a report by the committee on po l lu t i on . 

National Academy of Science^,U.S.A., 1966), Recognition of 

"pol lut ion" thus surely d ^ e i d s i5)on the observation of 

environmental o r b io logica l damage and t h i s l eads us to 

ident i fy t he tox ic agent o r contr ibut ing circimstances. 

Increasing a t t en t ion has been given to the pro tec t ion of the 

aquatic environment against po l lu t ion , both na t iona l ly and 

i n t e r n a t i o n a l l y ; In the freshwater f i e ld , the presence o r 

absence of f i sh has been widely used as a b io logica l i n d i ­

ca to r of the degree of po l lu t ion . 



Pesticides have been used in increasing quantity in 

the past 70 years, and the compounds of different type have 

succeeded one another in popularity. Contamination of water 

by pesticides can have deleterious effects on organians. The 

grovdng contamination of the environment with toxic agents 

i s a matter of increasing awareaess, in modem times. Poten­

t i a l l y hazardous substances, regarded as foreign to the body 

and appropriately termed xeno bio t i c s , c0nfix>nt mankind in 

nearly a l l spheres of human act ivi ty, Xenobiotics may be 

ei ther selectively toxic or display a rather broad spectnan 

of adverse biological effects. The use of S3nithetic organic 

compounds for controlling insect pests of crops and forests, 

as well as the insect vectors of hijman and animal disease 

has created several problems in aquatic environmeit. These 

include e^osure of non target organians to le thal and sub­

le thal amounts of pest icides and the i r byproducts. The non-

target organian may be affected directly through nutr i t ional 

contamination. The chemical and physical factors influence 

the pest icide impact on freshwater. 

I t has generally been accepted that the chlorinated 

hydrocarbons present a greater damage to non target animals' 

than to the organophosphate pest icides, because of the i r 

greater acute toxicity and the pers is te ice of the i r residues 



( Rudd, 1964; Johnson, 1968 ) . Available l i t e r a t u r e i nd i ca t e 

t h a t effect of biocides on f i shes have been studied var iously 

i n r e l a t ion to t o x i c i t y , survival and behaviour (Cope, 1966; 

Saunders, 1969; Woodwrth and Pascoe, 1982; Ch\in £ i a l , , 1981; 

Tonoaai e t a l . . 1983). haaoaatology (Esler and Edmunds, 1966; 

Hunn, 1967; Ho^sdcins and MawdeaLey-Thorn as, 1972; Choudhary, 

1979; Storozhuk and Guleva, 1983), oxygen consunption (Ranke-

Rybicka, 1975; Lunn £ t a^,, 1976; Hose jgi a l , , 1983), blood bio-

chanis t ry ( I sh iha ra £ t ^ . » 1967; Holmbera e t al>. 1972; 

N a n e s o k ^ ^ , , 1982; Larsson e^ a l . , 1984), h i stopathology 

(Haga, 1970; Couch, 1975; Walsh and Ribelin, 1975; Choudhary, 

1979; Rashatwar and I l ya s , 1984; Gt5)ta and Dalela, 1986). 

L i t e r a t u r e dealing the t o x i c i t y of chlor inated hydro­

carbons on Indian f i shes are few, v i z . , t ox i c i t y and beha­

viour (Chakrawarti and Chaurasia, 1981; Singh and Srivastava, 

1982; Manoharan, 1982), on blood biochanis t ry (Gt5)ta, 1980; 

Ram al in gam and Ramalingam, 1982; Gi;5)ta and Dhil lon, f983) and 

haanatology (Sastry and Sharma, 1979; Shafi and Choudhary, 

1980; GT:5)ta and Singh, 1982). A systematic inves t iga t ion 

concerning t h e effect of organochlorine i n s e c t i c i d e s on the 

physiology of freshwater 3iidian f i shes have not been under­

taken in d e t a i l . Hence, the present work e i t i t l e d "Effect of 

an organo ch lor ine (BHC) on a freshwater a i r -b rea th ing f i i ^ . 



CI arias batrachus (Linn.) has been undertakea to investigate 

the pathobiology of th i s fish. 

CI ar ias batrachus possess accessory respiratory 

organs in the foim of si5)ra-branchial chambers (Munshi, 1961) 

thus, provided with bimodal gas exchange mechanism. This 

fish dwells in marshy ponds,ditches and derel ic t water areas 

unsuitable for quality fish culture operations. The introduc­

tion of cage culture and the poss ib i l i t i e s of culture in 

paddy f ie lds and city sewage have raised the prospects of 

air-breathing fishes for the simply of additional f i i ^ flesh 

to the population (Jhingran, 1975). As i t is evident, the air-­

breathing fishes under culture may be e^osed to a number of 

pesticides,inorganic chanicals and other biocides introduced 

direct ly or Indirectly as the resul t of runoff from treated 

land areas in order to protect and safeguard important crops 

and human l i f e . The fishery biologists will have to compro­

mise with the situation and to help in formulating safe con-

CQitration of these pest icides for preserving the aquatic 

ecosysten. 

BHC or benzene hexachloride i s rather l ess important 

than DDT. Though i t i s an extremely powerful insect icide i t s 

uses are much more limited owing to toadeicy to impart un­

pleasant odour and flavour to plants . I t i s produced by the 



chlor lna t lon of benzene in presence of l i g h t . There are 

var ious poss ib le pos i t i ons for the hydrogetis and chlorine 

atoms in the molecule,and so the compound e x i s t s in a nunber 

of d i f fe rea t isomers isbich are remarkably d i f fe ren t i n t h e i r 

degree of t o x i c i t y , The 'Y' isomer i s one of the most tox ic 

of a l l i n s e c t i c i d e s -where '^ and £ isomers a r e p r a c t i c a l l y 

non-toxic to i n s e c t s . The S isomers i s moderately ac t ive 

but va r iab le in i t s e f fec ts in d i f fe ren t i n s e c t s , and i s 

more toxic isomer to a i a i l s . 

Chemical name of BEC i s l indane (gamma BHC) o r 1,2,3, 

4, 5,6-hexa chlorocyclo-hexane. The s t ruc tu ra l formula of EHC 

i s given below: 

CI 

CI 

CI 

CI 

CI 

CI 

Chlorinated hydrocarbon i n s e c t i c i d e s such as DDT, 

d i e ld r in , a ld r in , e idr in , l indane have very low so lub i l i ty 

in water with a high so lub i l i t y in o i l s and f a t s . Organic 

compounds \«toich are chemically s t ab le , and hence p e r s i s t e n t , 

a re recognized as present ing an eLonent of r i sk to one o r 



more forms of l i f e . Organo chlor ine p e s t i c i d e s and t h e i r meta­

b o l i t e s , e . g . , DDT, DDE, DDD, d ie ld r in , isomers of BHC, hexa 

chlorobenzene, chlordane, toxs5)hene are p e r s i s t e n t organic 

compoxinds. Accumulation of organic i n s e c t i c i d e s by f i sh can 

proceed by two routes : absorption through the g i l l s (Holden, 

1962; Murphy, 1971), and ingest ion of contaminated food 

(Macek, Bodgers, S ta l l ing and Kom, 1970). In general, the 

efficiency of OCs accumulation by f ish follows the sequence 

PCB > DDT > d ie ld r in > l indane. Elimination of OCs by 

f i sh proceeds more slowly than does t h e i r accumulation and 

t he r e are some consis tent differences between compounds 

( Macdt ££ ^ . , 1970; Grzenda ^ a l . , 1970 ) . The teidency to 

el iminate OCs follows the sequence Lindane > d ie ld r in 

> DDT > PCB. 

The presen t d i s s e r t a t i on has been divided in to four 

chapters . Chapter 1 deals with the t o x i c i t y , behaviour and 

body composition. In t h i s p a r t LC , LC and TUn 96 hours 

estimated safe conceatrat ion values were calcula ted. The 

subject ive v i sua l observat ions on the bdiavioural responses 

of f ish exposed to po l lu t an t water were made in d e t a i l . Fiu> 

t h e r , t h e effect of 15 days exposure on the body composition, 

growth r a t e , l i v e r somatic-index (LSI) and gonado somatic 

index (GSI) were inves t iga ted at var ious t e s t concentrat ions. 



The Chapter 2 of the d i s s e r t a t i on includes the effect 

of var ious concentrat ions of BHC on the haematology namely 

on erythrocyte and leucocyte counts, blood haemoglobin, 

haematocrit , absolute values ( MCH and MCHC J and r a t e of 

oxygen consimptlon in t h i s f i sh . 

The Chapter 3 deals with the effect of various con-

cent ra t ionsof BHC a f t e r 96 hours on blood bioch€Diistry,viz., 

plasma p ro te in , glucose, t o t a l , f ree and e s t e r i f i e d choles­

t e r o l and plasma e l ec t ro ly t e s , v i z . , Na , K , Ca *, Cl~ and 

The h i stop atho log ica l effect of EHC for 96 hours ex­

posure on the i^in, g i l l s , l i v e r , kidney and gonad of CI a r i a s 

batrachus have been studied and c r i t i c a l l y evaluated for 

ident i fy ing c h a r a c t e r i s t i c l e s i ons of d iagnost ic value, The 

r e s u l t s of t h i s study has been incorporated in Chaptep-^, 

I t i s hoped tha t the p r e s e i t TSOI* wi l l provide suf f i ­

c ien t information concerning the effect of HiC on t ox i c i t y , 

bdiaviour, body composition and haaaatology of C la r i a s 

batr^chua. This study fur ther warrants liie necessary s c i e n t i ­

f i c in fomat lon to es tab l i sh safe concentration for the use 

of BHC to var ious water bodies. 



CHAPTER-I 

EFFECT OF BHC ON MORTALITY, 
BEHAVIOUR AND BODY COMPOSITION 



Introduction 

In recQit years p e s t i c i d e use and appl icat ion has 

a t t r ac t ed the long overdue a t t r i t i o n to i t s mer i t s and has 

led to a great deal of careful s c i e n t i f i c researd i (West, 

1966;Westlake and Gunther, l966;Middelem, l966;Dykstra, 1968), 

P e s t i c i d e s and i n s e c t i c i d e s have been used in inc reas ­

ing quan t i t i e s in_past 70 years , and compoxmds of different^ 

type have succeeded one another in popula r i ty . The poss ib i ­

l i t y of water po l lu t ion through i n s e c t i c i d e s have recent ly 

been the main focal theme and the volume of publ idied r e ­

search works on the effect of po l lu t ion on aquatic organians 

have increased enormously (Mc Kim £ t a l . . 1975^. 

P e s t i c i d e s may reach the freshwater of r i v e r s , l akes 

and streams in a var ie ty of ways. They may be applied d e l i ­

berately to water bodies for the control of undesirable 



aquatic fauna or the aquatic s tages of i n s e c t s of publ ic 

hea l th importance. They may also make an i nc idea t a l impact 

as a r e s u l t of a e r i a l appl icat ion of i n s e c t i c i d e for control 

of t e r r e s t r i a l p e s t s in ag r i cu l tu re and fores t ry in surround­

ing area. They may also reach l akes and r i v e r s by ae r i a l 

d r i f t e r by man off from land. F ina l ly gross impact of p e s t i ­

c ide may occur firom time to time as a r e s u l t of accident o r 

care lessness involving chemical concentrates . 

Most of the p e s t i c i d e s applied for the pe s t control 

in ag r i cu l tu re and fores t ry enter the aquatic environmeit 

through var ious routes , po l lu t i ng the aquatic ecosystem. 

The p e r s i s t a i c e of these toxic chemicals in aquatic environ-

msit may be dangerous for the survival of f i sh (Johnson, 1968; 

Saxmders, 1969; Mawdesley-Thomas, 1971). Therefore, the study 

of t ox i c i t y to organism i s an e s s e i t i a l f i r s t step concern­

ing evaluation of p e s t i c i d e impact on the freshwater environ­

ment for achieving the ob;3ective, v i z . , to detennine safe 

concentrat ions and to formulate the safe appl icat ion r a t e of 

i n s e c t i c i d e concerned (%)rague, 1969,1970,1973). 

The chlor inated hydrocarbons such as DDT, DDD, DDE, 

d i e ld r in , endrin,and EHC have already been proved to be more 

tox ic to f i sh ( Muirtiead-Thomson, 1971; Dimond £ t a l . ,1968 )i. 
! 

The chlor inated hydrocarbon i n s e c t i c i d e s combine a very low 
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so lub i l i t y in water with a high so lub i l i t y in o i l s and f a t s . 

They also show r e l a t i v e unreac t iv i ty and sppreciable v o l a t i -

b i l i t y a t noiroal environmental temperatures. 'Haus, since they 

are unreact ive and he ice f a i r l y s tab le in var ious environ-

m ^ t a l r e se rvo i r s , they are p e r s i s t e n t ; they are v o l a t i l e 

and are t r a n ^ o r t e d in vapour phase,vtoich accounts for t h e i r 

ubiquity and t h e i r l i p i d so lub i l i t y accounts for t h e i r accu^ 

mxolation in depot f a t reserves of organisms (Lockwood, 1976), 

The p e r s i s t e n t organo-chlorine i n s e c t i c i d e s frecjuoitly 

show a delayed tox i c i t y in t h a t the l e t h a l effect i s not 

seen u n t i l sometime a f t e r contact with the chemical. 

Toxicity effect of organo-chlorine i n s e c t i c i d e s has 

beea inves t iga ted by a number of i n v e s t i g a t o r s (Datta, 1980; 

Vardia and Durve, 1980; Thakur jgj a l . , 1981; Singjb and Srivas-

tava, 1982; Hall ^ ^ . , 1982; Mahboob Basha,.l983; Kaur and 

Viric, 1983), 

In the present inves t iga t ion ef for t has been made to 

determine the t ox i c i t y to le rance l i m i t ( TUn ) , bdiavioural 

response and overa l l effect on the body composition of 

C la r i a s batrachus ( Linn, ) to Benzene hexachloride (EHC), 

vdiich i s a widely used p e s t i c i d e in India, 



Materials and Methods 

Live specimens of C la r i a s batrachus were procured from 

Katihar ( Bihar ) aad were acclimatized in laboratory before 

experimeitat ion. The f i shes were kq) t in big aquaria (50 

gallon capac i ty) . The animals were fed with chopped goat 

l i v e r and earthworms. Care has beei taken to keep the ani­

mals heal thy and free from p a r a s i t e s . 

The 96 h r bio assays were conducted employing the 

technique of s t a t i c t e s t ( Doudoroff sk ^ » » 1951 ) in g lass 

aquaria ( 60x30x30 cm ) in t he laboratory a t ambient water 

tenpera ture ( 29. 5-33.3®C ) in the month of ^ r i l - M a y , 1979. 

The physico-chemical c h a r a c t e r i s t i c s of water were analysed 

according to standard methods published by APHA jgt a l . (1975). 

These were: water temperature 29,5-33.3*0; pH 7.9; dissolved 

oxygen 6.0 mg/1; free 00^ 4.6 mg/1 and HCO" 284.0 mg/1. The 
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benzene hexachloride ( HlC ) used in the p r e s o i t woris was of 

technical gradeC50% pur i ty ) containing 6,596'Y' isomer. Stock 

solution was prepared by dissolving BHG in AR-grade acetone, 

the s t r e ig th of which was ca lcula ted based on w/v. The con­

t r o l s were t r e a t e d with pure acetone <Hily, s imilar to experi­

mental groi:^) with BHC dissolved in acetone. The f i shes used 

for bioassay were of average body weight of 62.54+0.802 g. 

Preliminary t e s t s were car r ied out to est imate the LC and 

LC values, followed by 96 h r escposure of 10 animals each 

grovBp in ^ 1 of solution in t e s t concentrat ions between 2.5 

to 30.0 mg/1 of H5C. The mor ta l i ty of f ish in each t e s t con-

centra t ion was recorded. The bioassays were repeated t h r i c e , 

so t ha t in a l l 30 animals ( 10x3 ) were exposed to each t e s t 

concentrat ion. The tox ic i ty response data were ca lcula ted at 

confidence l i m i t s of 95 pe r cent l eve l and gre^jhically r e ­

presented on semi-logarithmic pe^er with t e s t ^ n c e i t r a t i o n s 

on the logari thmic scale and mor ta l i ty percentage on a r i t h -

matic scale ( Annes, 1975 ) . The poin t a t viiich the s t r a igh t 

l i n e thus obtained crosses the 50% mor ta l i ty l eve l has been 

taken as median l e t h a l concentration ( L C _ ^ ) , 

The subject ive v i sua l observat ions on the behavioural 

responses of the fiish esposed to BHC were made. The number 

of a e r i a l excursions and opercular movemeits were recorded 

in 2.5, 5.0, 10.0, 20.0 and 100.0 mg/l e35)Osed animals from 

1 to 24 h r . 



n 
In second set of experimental condition 10 male 

f i shes of about 55-60 g body weight were kept each in tvro 

aquaria," Srot̂ q? ' I * was t r e a t e d as control , vAiile Groi:̂ ) ' I I ' 

was subjected to longer esposure of 12.0 mg/1 BHC for 15 

days. The effect of EHC exposure on body weight, l i v e r 

weight,gonadal weight and hepato-somatic index (HSI),gonado-

somatic index (GSI) were determined. 

The water content of l i v e r and gonad was obtained 

from the l o s s of weight t ha t occurred during drying a t 55®C. 

The hepato-somatic index ( HSI } and gonado-somatic 

index (GSI) were calculated by the following formula: 

The effect of extended exposure to BHC, i . e . , 15 days 

on hepato-somatic index (HSI) and gon ado-somatic index (GSI) 

was inves t iga ted on five f i shes from each t e s t concai t ra-

t i o n s of 2, 5, 5.0 and 10.0 mg/1. The 15 days exposure experi­

ments were conducted in the laboratory in c i r c u l a r p l a s t i c 

pools (2 X 0.8 m) and the BHC t r ea t ed water of these pools 

were renewed a t every 24 h r s as pe r recommnidations of APHA 

S i a i . (1975). 

Students ' t ' t e s t wajs applied to evaluate the s igni ­

ficance of difference at 3% l e v e l . 



ObservatioDs 

The r e s u l t s of acute t ox i c i t y t e s t has been stio^m in 

Table-1 and the t ox i c i t y response curves have he&a. represoi -

ted in P l a t e s I and I I . On the bas i s of In te rpo la t ion of the 

data, the LC and LC were calcula ted to be 24,44 mg/l and 

9.67 mg/l. Although i t was obs^erved in p r a c t i c e tha t LC 

l i e s between 5.© to 9.0 mg/l and LC between 25.0 to 26.0 

mg/l . These discrepencies betweei observed data and those 

derived from graphical estimate are obvious, but the LC^Q 

value of 15.944 mg/l i s much c lose to the observed values 

(P la tes I and I I ) , 

The behavioural response of f i sh towards toxicant was 

grossly depQident on concentration and length of esqjosure, 

Is/hoi f i shes were suddeily exposed to higher concentrat ions 

of HiC, hyper e x c i t i b i l i t y , increased a e r i a l excursions and 
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opercular movanoits were observed as immediate response of 

f i sh towards the toxicant . In t h i s case the r e s t l e s snes s of 

f i sh increased with the increas ing exposure time. Fishes 

were often observed swimming with jerity moveneats on the 

surface of t he water and t r i e d to junp out of aquaria. 

In h igher concentrat ions of BHC f i shes showed vtoite 

wD\jnd patches on the dsin surface a t the s ides of the body, 

Mai^ced discolourat ion and depigmentation of the skin a f t e r 

BHC exposure has been observed. Fishes esqjosed to higher 

conce i t ra t ions of EHC have t r i e d to remain almost in v e r t i ­

ca l pos i t ion perpendicular to the base of aquaria with the 

mouth facing the wa te r / a i r in terphase were f reque i t ly obser­

ved. The terminal phase was character ized by agi ta ted move­

ments, tremors, convulsions and l o s s of balance. The c lose 

examination of dead f i sh showed several wound patches on 

e i t h e r s ides of the body, near the ^ i n e , sometimes bent 

body and vtoit t ish g i l l s with copious mucus. 

The v isua l r e ^ i r a t o r y response and r a t e of surfacing 

of f ish a f t e r exposure to var ious concentrat ions of EHC has 

been shown in Table-3 and grc5)hically represented in P l a t e -

I l l . The 24 h r mean values of opercular movemeit and r a t e of 

surfacing inc reases s ign i f ican t ly with increas ing conceatra-

t i o n s of BHC, But there i s no cor re la t ion between the two, 

/oX^'I'-l 
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i . e . , r a t e of surfacing o r opercular movement and increas ing 

concentrat ions of BHC, At higher concs i t ra t ion , i . e . , 100 

mg/1 the f i sh dropped the opercular movements considerably 

followed by increased r a t e of surfacing to the extent t ha t 

the animal remains almost on the surface of water. 

The feeding r a t e s decreased with the increas ing con­

cent ra t ion of BHC, This v i sua l observation was fur ther si^)-

ported from t h e analys is of the gut content. The gross food 

conversion r a t e cotald not be woriced out since the discarded 

feed l e f t in the aquarixm was.not accounted. The growth r a t e 

of tagged animals in 15 days decreased to 7.72 per cent 

against con t ro l . 

The effect of 15 days e ^ o s u r e of BHC a t a concentra­

t ion of 12,0 mg/1 has beei shown in Table-4 and represented 

by bar histograms in P l a t e s IV and V, The body weight has 

reduced from 6o.4+0,906 to 55.7440.815. There i s s ign i f ican t 

decrease ( 7.7296 ) in the body weight of t r ea t ed f i shes in 

comparison to con t ro l s . The l i v e r weight and gonad weight 

have reduced to 0 , 4 I 6 H O . O 1 2 ( P < 0 .001) ,3 .358-^. 524 (P< O.Ol) 

in comparison to cont ro ls 0.89840.012 and 6.82840.468 g r e s ­

pec t ive ly . The l i v e r water and gonadal ( t e s t i s ) water has 

s ign i f i can t ly increased (P< 0.01 and P<0 .001 respec t ive ly ) . 

There i s 50.259^ and 47.679^ decrease in hepato-somatic index 

and gonado-somatic index in 15 days e^osed f i shes to BHC 

in comparison to cont ro ls . 
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There i s gradual decrease in h^a to - soma t i c index and 

gonado-somatic index with increas ing conceatra t ions of BHC 

a f t e r 15 days exposure (Table-5). 

TABLE -1 

Physico-chemical composition of water and 96 hours LC^Qvalue 
of BHC for CI a r i a s batrachus (Linn.) 

Parameters Values 

LC^ for BHC 15.94 mg/1 

Free CO^ content 4.6 mg/1 

0^ content 6.0 mg/1 

HCÔ  coi^tmt 284.0 mg/1 

Temperature of the ^o = -z-z -zor 
water 29.5 - 33.3 C 

pH 7.9 



SXPLMATION OF PLATE - I 

Fig. i: Per cent mor ta l i ty and survival r a t e of C. 

batrachus exposed to various concentrat ions 

of BHC for 96 hours. 
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EXPLANATION OF PLATE - I I 

Tox ic i ty response curve on observed v a l u e s of C_. 

b a t r a c h u s e3q)0sed to BHC a t conf idence l i m i t of 959^ 

l e v e l (96 h o u r s ) . 
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TABLE -2 

Acute t o x i c i t y (96 hrs) and estimated safe concentrat ions of 
BHC to Cla r i a s batrachus 

Parameters Values 

Nimber of animals . 30 

Water temperature 29, 5-33,3°C 

Lethal concentrat ions 
(mg/1) 

LC^ . 15.94 

^Soo 24.44 

Estimated Safe Concentrations 

LC^ of HiC 7..58 mg/1 in Heteropneustes f o s s i l i s 
for 168 hours a t 20-35®C (Basak and Konar, 1977) 
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TABLE -3 

Respiratory behaviour of CI a r i a s batra,chu;g a f t e r exposure to 
var ious concentrat ions of BHC 

(Mean value of 24 h r s ; observat ions made a t 4 h r s i n t e r v a l ) 

Concaitrat ion 
of BHC in mg/1 

Number of 
Fishes 

Rate of Surfacing 
per minute + S, E. 

Elate of opercu^ 
l a r movemeit per 

minute +S. E. 

Control 0 

2 . 5 

5 

10.0 

20.0 

30.0 

100.0 

6 

6 

6 

6 

6 

6 

3 

0.15+0.008 

0.l6+0.122 
(NS) 

0. 19+0.010 
(P< 0.05) 

0.72jj0.039 
(P< 0.001) 

2. 18+0,005 
(P< 0.001) 

5.975). 459 
(P<0.001) 

II.21+G.543 
(P< 0.001), 

( i n i t i a l reading jus t 
after exposure) 

4.535). 125 

4.90+0.093 
.. (NS) 

5. 505>. 147 
(P<0 .05) 

12.^+0.082 
(P< 0.05) 

14.43+0.239 
(P< 0.001) 

19.6351.376 
(P< 0.001) 



EXPLANATION OF PLATE - I I I 

Graph to show t h e r e l a t i o n s h i p between BHC concen t ra ­

t i o n Vs o p e r c u l a r movement and r a t e of su r fac ing i n C_« 

"batrachus. 
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TABLE - 4 

L i v e r , gonado-somatic index , l i v e r and gonadal wate r i n 12,0 

mg/1 BHC 635)0 sed CI a r i a s b a t r a c h a s f o r 15 days 

P a r a m e t e r s 
Cont ro l 

( n = 10+S.E.> 
• 12.0 mg/1 m c ex­
po siire f o r 15 days 

(n = 6|-S.E.) 

Body weight 

L i v e r weight (g) 

H ep a t o - som a t i c 
Index 

Weight of l i v e r 
wa te r i n 100g 
l i v e r weighting) 

Gonad weight 

Weight of gonad 
wa te r i n 100g of 
gonad weight (g) 

6o.4-K).906 

0.898+0.012 

1.495+0.038 

69.086+0.484 

6.828+0.468 

Gonado-somatic Index 11.224+0.641 

58.898+2.653 

55.745>.815 
(7.72% decrease ) 

0.416+0.012 

(P< 0.001) 

0.744+0.046 

(p<: 0 .001) 
50.24% dec­

r e a s e 

80. 112+0.468 

( P < 0 . 0 1 ) 
13.76% i n c r e a s e 

3 .3585) . 524 

(P< 0 .01) 

5.873+0.856 

(P< 0.0l) 

47.67% decrease 

74.834+3.422 

(P< O.OOl) 

21.29% i n c r e a s e 



EXPLANATION OF PLATE - IV 

Histogram showing t h e e f f ec t of 15 days exposure of 

BHC on body "weight and -water p e r c e n t a g e of l i v e r and 

gonad of C. b a t r a c h u s 



PLATE I V 
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EXPLANATION OF PLATE - V 

Histogram showing t h e e f f e c t of 15 days exposure of 

BHC on gonad weight , gonadosomatic index, l i v e r weight 

and l i v e r somatic index of C, ba t r achus 
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TABLE -5 

Effect of var ious c o n c e n t r ^ i o a s of BHC on HSI', "GSI of 
CI a r i a s b^trachus a f t e r 15 days exposure 

< 

Concei t ra t ions 
of mc 

H ^ a t o Somatic 
Index 

Gonado Somatic 
Index 

Control 0 

2 .5 

5.0 

10.0 

1.49553.038 

1.24 +0.068 
(P<0 .02) 

0.96 +0.046 
(P< 0.001) 

0.656+0.022 
(P< 0.001) 

11.224+0.641 

11.02 +0.058 
(P< 0.001) 

10.72 5 ) . 116 
(P< 0.001) 

6.44 +0.172 
(P< 0.001) 

5 animals In each groi^); +• standard error ; water tanpera ture 



Discussion 

The ro l e of cheDaicals in con t ro l l ing pes t of crops 

and fo re s t s , as well as the i n s e c t vec tors of human and 

animal d isease has been recognised and accepted from the 

beginning of the century, Sjrnthetic p e s t i c i d e s usually have 

high to jdc i ty and some of them showing p e r s i s t e i t p rope r t i e s . 

Many of the magor r i v e r s record almost chronic contamination 

with such organochlorine compounds as DDT, d i e ld r in , a idr in , 

gamma BHC (Weaver £ t ^ . , 1 9 6 5 ; Novack and Rao, 1965; Holden, 

1965; Holden and Marsden, 1967; Water Pol lu t ion Research 

Laboratory, 1967). 

Sublethal doses of tox ic chemicals may affect both 
0 

the survival and reproduction (Moriftyty, 1975) of animal's. The 

s t r a igh t forward s t a t i c t e s t to determine 1iie median to lerance 

l i m i t ( TLm ) has beei adopted by publ ic hea l th a u t h o r i t i e s 
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(Doudoroff e t a l . . l95l!Hepderson and Pickering, 1958; Hender­

son and Pickering, 1958; Henderson jgt ^ . , 1 9 5 9 ; AnenLcan 

Public Health Association, i960). 

The s tud ies on p e s t i c i d e impact dea ls in general vdth 

the react ion of a l i v i n g organisns in an aquatic environment 

and according to M\aijiaead-Thorn son ( 1971 ) the objec t ive of 

such inves t iga t ion i s e i t h e r to evaluate the impact of known 

p e s t i c i d e against a p a r t i c u l a r undesirable freshwater animal 

o r aquatic p l an t , o r i s concerned with the undesirable e f fec ts 

of a p e s t i c i d e contaminating the h a b i t a t of freshwater food 

f i sh o r o the r protec ted aquat ic forms. Inves t iga t ions on the 

impact of known p e s t i c i d e (concei t ra t ion and eaposure time) 

to a p a r t i c u l a r species involves the estimation of mor ta l i ty 

o r survival r a t e and evaluation of sublethal exposure on 

growth, b ^ a v i o u r , reproductive e d a c i t y and o the r physiolo­

g ica l parameters. 

In the present inves t iga t ion i t was observed tha t the 

system of C la r i a s batrachus can function within broad range 

of po l lu t ion by BHC and the t o x i c i t y response of t h i s f i sh 

towards BHC i s a function of concentration and duration of 

e3q)0sure. The 96 h r LC^-. value has been ca lcula ted to be 

15.94. Basak and Konar (l977) reported 168 hours LC^ of BHC 

for Heteronneustes f o s s i l i s to be 7. 58 ppm a t 20-35®C water 
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tenpera ture having 7.G pH, Temperature condi t ions in t o x i ­

c i ty t e s t s %re important parameter to be considered (Cope, 

1966; Walker £ i a l . , 1964; Henderson £ t ai., ,1959). In count­

r i e s viiere t he r e i s heavy appl ica t ion of p e s t i c i d e and viiere 

f i sh k i l l s a re frequently reported, anphasis has na tu ra l ly 

been on the acute toxic e f fec t s on the f i sh . The time/con-

c e i t r a t i o n f ac to r was also shown to be an important consi­

derat ion ih evaluat ing f i sh t ox i c i t y (Muirhead-Thomson, 1971). 

Water temperature i s one of the most important fac­

t o r s in the environmeits of aquatic organiaoas and p lays a 

v i t a l r o l e in determining t h e i r d i s t r i b u t i o n , growth, r e ­

production, metabolian and behaviour. In t ox i c i t y inves t iga ­

t i o n s the temperature may range from 7°C to 29°C (Cope, 1966). 

The hardness of water, a l k a l i n i t y and pH have no ma;Jor effect 

on the t o x i c i t y to f i sh of chlor inated hydrocarbons (Hender-

soĵ i Sk ^ . , 1 9 6 0 ) . Gamaxeie i s reported to be more toxic to 

C la r i a s batrachus and Heteropneustes f o s s i l i s in comparison 

to Anthio-25, Dimecron and Sevin (Chakrawarti and Chaurasia, 

1981); and on common carp, CvprtLnus carpio (Kaur and Virk, 

1983). 

f̂tie acute t ox i c i t y of a number of organochlorine 

compounds on Indian f i shes have been reported by several 

i n v e s t i g a t o r s (Datta, 1980; Chakrawarti and Chaurasia, 1981; 
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Raizada,Sen and Raizada, 1981; Singh and Srivastava, 1982; 

Manoharan and Subbiah, 1982; Jacob, Nair and Balasubramanian, 

1982; Makboob Basha ^ a^., 1983; Kaur and Virk, 1983). 

Since t ox i c i t y bioassay i s influenced by a nimber of 

f ac to r s including the technique of bioassay anployed, the re ­

fore , a compartson of LC^Q values obtained for several f ish 

species by var ious authors would not be meaningful(Chaudhary, 

Pandey,Dubey, 198l). 

Hasler (l97o) has reviewed ce r ta in aspectsof chemical 

ecology of f i sh and docunented the importance of chemical 

commimication in maintaining the behaviour p a t t e r n s of f ida 

as well as o the r marine organians. Animals are sens i t ive to 

chemical s igna l s a t low concentration and they may rely on 

t h i s sensory input to control t h e i r a t t i t u d e and behaviour 

(Todd e t a i . , 1967). According to Muirtiead-Thorn son ( l 9 7 l ) , 

" there i s increas ing r ea l i za t ion tha t the effect of p e s t i c i ­

des on the r eac t ions of f ish o ther than the eas i ly observa­

b le mor ta l i ty e f fec ts , must be taken in to account in eva­

lua t ing the complete ecological impact of a contaminating 

substance". 

The subject ive observat ions on behavioural responses 

of C. batrachus to l e t h a l and sublethal conce i t ra t ions of 

BHC are in agreement with those of Cvprinus caroio (Datta, 
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1980), Cvprlnus carplo. Poec l l l a r e t i c u l a t a ( J i v a s ^ , 1981), 

Barbus stigmata (Manoharan and Subblah, 1982) and Atherlnops 

a f f In l s . Rhaeeochllus vacca. Oxv.lulls c a l i f o m i c a . Chromis 

puae t lp lnn l s . Gl re l l a rv^e.T^o.s\ nu5=î  Lythrypnus d a l l l . Hypso-

blenlus .ienklnsl ( Hope, Stoffel and Zerba, 1983 ) e^osed to 

d i f f e r e i t organo-chlorine p e s t i c i d e s . The repor t of l indane 

poisoning on brovna t rout .Sal^n t rni t ta L, by Drewett and Abel 

(l983) l s ± i agreement with the f indings on CI a r i a s batrachus 

e3q)0sed to BHC, The react ion of f i sh to var ious organo-chlo-

r lne I n s e c t i c i d e poisoning can be In ge iera l character ized 

by e r r a t i c movements, muscle t e tanus and l o s s of e q u i l i ­

brium, marked wound patches , d iscolourat ion and deplgpaenta-

t lon of skin, a toxla and In t e rmi t t en t p a r a l y s i s . Similar 

behavioural response to zinc poisoning has also beea r e ­

por ted In Channa puncta tus by Khangarot ( 1982 ) , malathlon 

poisoning on Heteropneustes f o s s l l l s by Chaudhary,Pandey and 

Bubey ( l 9 8 l ) , on Notopterus notopterus by Vara a, Tonk and 

Kumar ( l983) . 

Although the re have been many repor t s of pathological 

l e s i ons caused by po l lu t an t In f i sh , the re have been few 

systematic desc r ip t ions of the toxic syndromes associated 

with exposure to p o l l u t a n t s . Such desc r ip t ions are c lear ly 

des i rab le as an aid to understanding the mechanlan of action 

of p o l l u t a n t s , and could be diagnost ic a ids In the I n v e s t l -
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gation of fish mortal i t ies \rfiere the accidental or negligent 

dischargeof pol lutants i s suspected. The symtonatology,lead­

ing to death produced by the exposure to BHC in the present 

study was indicative of the geieral toxic effects produced 

by most of the organo-chlorine insecticides, Drewett and 

Abel ( 1983 ) reported effect of lindane poisoning on Salmo 

t ru t t a . at death the g i l l filaments were a bright red colour, 

indistinguishable from control f i i ^ . This colour gradually 

faded unt i l at approximately 2 h after death the g i l l s were 

vfeite. This occurred in a l l l indance-e^osed fish irrespeo-

t ive of the poison concentration. Gills of control fish 

faded slightly within the f i r s t 2 h after death t© a pink 

colour, and did not turn vdiite after rigor mortis had passed 

and decomposition begun after 20 h. 

Death of fish e^osed to le thal levels of zinc in­

volves t i ssue hypoxia ( Skidmore, 1970; Burton et ^ , , 1 9 7 2 ) 

and i t may be therefore that f i i ^ ki l led by pollutants may 

show pathological signs of hypoxia in addition to signs 

specifically associated with the poison. Similarity of the 

signs of lindane poisoning and of h3rpoxia in Salmo t ru t t a 

suggests that death from lindane poisoning may be associated 

with t issue hypoxia ( Brewett and AbeL„l983 ) . Physiological 

and biochemical studies on fish exposed to le thal levels of 

zinc (Skidmore, 1970;Burton ^ a l . ,1972) indicate that t i ssue 

file:///rfiere
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hypoxia i s a r e s u l t of zinc poisoning and probable immediate 

cause of death, s ince zinc i s not a po tea t i n t e r n a l poison 

( Skidmore, 1970 ) . The convulsions and a tax ia sho"wn by BHC-

poisoned f i sh suggests t ha t BHC has a neurotoxic action in 

fisji . I f t i s s u e h3rppxia occurs as a resxalt of BHC poisoning, 

i t i s l i k e l y to be due to l o s s of co-ordination in the 

cardiovascular and/or r e ^ i r a t o r y systems. Similar observa­

t i o n s have been madety O'Brien (1967) in i n s e c t s and mammals 

vdth l indane poisoning. 

Hughes (1976) observed t h a t one of the l i k e l y ef fec ts 

of po l lu t ion affect ing the resp i ra to ry systan i s t ha t i t 

l i m i t s the metabolic scope of a c t i v i t y , i . e . , t h e differences 

between the r e s t i ng and ac t ive l eve l of metabolism. Such an 

effect , according to Hughes ( 1976 ) , would a r i s e because of 

both an inc rease in the r e s t ing metabolian and a decrease in 

the \:^per l e v e l of ac t ive metabolisoa. I t i s ge ie ra l ly recog­

nized t h a t f i sh respond to tox ic chemicalsty increased oper^ 

cu la r moveneits ( Belding, 1929 ) . The stickleback breathes 

noimally about 120 times pe r minute a t 17*0. IShen heavy metal 

s a l t s (Copper sulphate, 64 ppm and lead n i t r a t e 500 ppm) are 

put in to the apparatus the r a t e of opercular movemeit and 

r a t e of oxygen consumption r i s e . This i s due to increased 

a c t i v i t y , as the f i sh se i ses the unfavourable changes in i t s 
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environment and s t ruggles . As the toxic process advances the 

resp i ra tory movements become more and more r£5)id, more regu­

l a r and of increased amplitude. Be i^ i t e the animal e f fo r t s 

to maintain i t s oxygen sx:5)ply, the oxygea consunption f a l l s , 

r e tu rns to normal and becomes subnormal. After per iods of 

s truggling and res t , and minor 15)3 and dovais in the opercular 

movement r a t e , the f ish sooner o r l a t e r becomes exhausted. 

Whei the oxygoa consunption r a t e sinks to about 20 pe r cent 

of normal the opercular movement r a t e begins a p rec ip i tous 

descent and f i sh d ies ( Jones, 1 9 ^ ; 1964 ) . The effect of an 

organo-chlorine i n s e c t i c i d e HlC on C la r i a s batrachus also 

shows increased surfacing and increased opercular movanent 

( Table-3; P l a t e - I l l ) . A number of publ i j^ed w)r*s are in 

agreement with the present f inding (Jones, 19^8,1964; Annes, 

1975; Kumar,Pant and Khanna, 1979; Sriwastava and Srivastava, 

1979; Datta, 1980; Khangarot, l982;Arunachlam and Palanichamy, 

1982), Pandey ^ a l , (1976) reported decrease in the oper­

cu lar frequeicy in Channa punctatus exposed to malathion. 

Chaudhary, Pandey and Dubey (1981) observed i r r e g u l a r oper­

cu la r frequency in Heterooneustes f o s s i l i s e35)Osed to mala­

th ion. In Heteropneustes f o s s i l i s . the opercular movement 

increased ©lormously fo r 1s t few minutes, but the average 

opercxalar frequency has„jiecreased in 24 h r time, They ^owed 

high cor re la t ion of coef f ic ien t against concentrat ion. 
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Nagendran and Shakuntala (1979) observed tha t under the ex­

posure of sublethal concentrat ions of sodium pentachloiio-

phenate, Puntius t i c t o e3diibited s igni f icant increase in the 

opercular /surfacing a c t i v i t y , 

Basak and Konar ( 1977 ) observed defenned t a s t e buds 

and reduced feeding r a t e in Cyprinus CjaiplD 63 )̂0 sed to DDT 

and increased growth r a t e in Ti lapia mossambica by 28% in 

DDT t rea ted ponds, Holmberg ^ a l , ( 1972 ) recorded consi­

derable l o s s of body weight in Anguilla angui l la e:^osed to 

pentachlorophoaol (PCP), Chaudhary, Pandey and Dubey ( l98 l ) 

foind reduced feeding, and growth r a t e in Heteropneustes 

fo s s i l i s 63̂ )0 sed to malathion. In the present stiody on 

Cla r ias batrachus exposed to BHC, a reduction in body weight 

as well as in feeding r a t e has been observed. Similar r e s u l t s 

have been obtained in f inger l ings of Cyprinus caroio e35)osed 

to endrin (Datta, 1980); Poec i l i a sohgiops (black molly) ex­

posed to chlorofonn, t e t ra -ch loroe thy lene and t r i ch lo roe thy­

l ene (Lockie, Schecter and Chr is t ian , 1983). Manoharan and 

Subbiah (l982) showed t h a t sublethal concentrat ions of endo-

sulfan causes marked reduction in feeding r a t e from 5,94?6 to 

9.02% and ass imi la t ion by 6,44 to 9.6o%, Growth (weight) r e ­

tarded from 11.6 mg/day in control to 7 .3 , 6.0 and 5.1 mg/ 

day in the eidosulfan t r ea t ed Barbus stigma. 
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Verm a, Tonk and Kunar ( 1983 ) reported tha t Thlotox 

(T),and organ©-chlorine and malathlon (M), an organophosphate 

i n s e c t i c i d e s exposed Notopterus notopterus consume l e s s e r 

amoimt of food compared to imexposed f i shes . The rainbow 

t r o u t . Salmp aa i rdner i a f t e r prolonged e35)0sure of hexavalent 

chromium showed no growth re ta rda t ion (Pul te , Galieen and 

Str ik , 1982}, Food in take of Macropodus CUP anus reared in 

d i f fe ren t concentrat ions of carharyl did not vary s i g n i f i ­

cantly vAiile growth decreased with increased concentration 

of carbaryl poss ibly due to increased expenditure of energy 

on metabolism (Ananachalam and Palanichamy, 1982). Thus i t 

appears qui te c lea r ly t h a t reduction of body weight and 

feeding r a t e a f t e r toxicant exposure i s species specif ic or 

toxicant speci f ic react ion. 

The body composition of f i sh has been reported in 

r e l a t ion to s ize , age (Lovem, 1938), sex, l o c a l i t y (Zinevici 

1970), na ture of food ( Homel l and Nayudu, 1924 ) and season 

( P h i l i p s , 1969 ) but i n foma t ions r e l a t ed to the effect of 

p o l l u t a n t s on body composition are scanty. The moisture 

content of freshwater f i shes has been reported mostly be t ­

ween 70-80% although values as low as 53.79^ in Hi lsa l l l s h a 

and as high as 88,8% in Cyprinus carpio are not uncommon 

(Anonym, 1962). 
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In e35)enment, nAiere C la r i a s batrachus are subjected 

to 15 days exposure of 12.G mg/1 of HIC, there i s a l o s s in 

body weight, l i v e r weight, HSI, gonad weight and GSI, vihile 

water content of l i v e r and gonad in esqjosed animals have 

increased s ign i f i can t ly (Table-4; Plates-IV & V). Chaudhary, 

Pandey and Dubey (1981),demonstrated tha t the water and l i p i d 

contents of the v*iole body and ovary decreased compared to 

control . The l i v e r water increased from 68.989+2.607% to 

75.629+4,693% with the increas ing concei t ra t ion of malathion 

in Heteronneustes f o s s i l i s . Verma, Tonk and Kxmar Cl983) r e ­

ported increased HSI and GSI and decreased water con te i t of 

ovary, l i v e r and kidney of Notopterus notonterus e^osed to 

th io tox (T), an organochlorine, Malathion (M),an organophos-

phate and M/T and T/M combinations. A s ign i f ican t decrease 

betweea 27% and 43% in the l i v e r s ize and l i v e r somatic 

index of f lounders were observed as a r e s u l t of cadmian 

exposure (Larsson £ t ^ . , 1 9 7 6 ) . The effect was not due to a 

drop in the water content of the l i v e r , as t h i s parameter 

was unchanged. I t has also been shown in mammalian e3q)erl-

moits t ha t cadmixm induces var ious changes in l i v e r , from 

a l t e r ed a c t i v i t y to cer ta in l i v e r enzymes to severe l i v e r 

c i r r h o s i s ( Ni l son, 1970 ) . However, cadmium induced ef fec ts 

on the l i v e r have probably been over looked in the pas t 

(Nordberg, 1974). 
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The decreased l i v e r weight and l i v e r somatic index in 

BHC e3q>osed f i shes as observed in present inves t iga t ion i s 

s imilar to those r ^ o r t e d by various authors (Larsson et a l . . 

1976; Niison, 1970; Nordberg, 1974). The decrease in l i v e r and 

gonad weight i s not due to decrease in water con te i t but 

poss ibly because of decrease in p ro te in , f a t and other solid 

ma te r i a l s . Increase in l i v e r and gonadal water suggest very 

strongly t h a t the re i s degradation of pro te in and fa t of the 

l i v e r and gonad. I t has been reported t h a t an animal may l o s s 

p r a c t i c a l l y a l l of i t s f a t and hal f of i t s p ro te in and l i v e 

but l o s s of only ^9% i t s water causes death (Maynard and 

Loosli ,1962). 

The LCcQ value for t h i s f i sh has been ca lcula ted to 

be veiy high. Generally HiC i s applied a t a r a t e of 10-15 kg 

per acre in t he f i e ld . This wotild ra re ly produce a concen­

t r a t i o n of LC^ o r wDxjld possibly reach a concei t ra t ion 

considered not a safe value for t h i s f i sh . The p e r s i s t e n t 

organo-chlorine i n s e c t i c i d e s frequently show a delayed t o x i ­

c i t y in t h a t the l e t h a l effect i s not seen u n t i l sometiyie 

a f t e r contact with the chemical. These chemicals are fa t 

soluble and so can accunulate in the body f a t of an animal. 

Lethal doses may t h e i be re leased in to the blood stream vAien 

f a t reserves are used. This delayed t o x i c i t y i s fetidctly 
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speaking, a l e t h a l not a sublethal effect although the toxic 

chemical may accumulate as a r e s u l t of repeated sublethal 

exposures of the chemical ( Mori a r ty , 1975 )• All chlor inated 

hydrocarbons except EHC-proved more toxic to f i sh than the 

organophosphorus-compounds under tiae same experimental condi­

t i o n s . Accumulation of organ©chlorines by f ish can proceed 

by two routes: absorption through the g i l l s (Holden, 1962; 

Mmrphy, 1971) and Ingestion of contaminated food (Macek, 

Rodgers, S t a l l i ng and Koin, 1970; Grzenda, P a r i s and Taylor, 

197©). Residue \iqptake through g i l l s i s r e l a t ed to metabolic 

r a t e and body s ize (Murphy, 1971). In p r a c t i c e food seems to 

be the main source of OCs to f i sh (Macek and Kom, 1970; 

Norstrom, McKlnnon, de F r e l t a s and Mi l le r , 1975). Further 

i nves t iga t ions are to be encouraged to f i na l l y e s t a b l i j ^ 

the effect of BHC contamination in the eivironment before 

t h i s compound i s declared safe on var ious water bodies as 

the i n s e c t i c i d e of choice. 
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Summary 

Inves t iga t ions were undertaken to record the effect 

of BHC, an organochlorine i n s e c t i c i d e on t ox i c i t y , bdbiaviour 

and body composition of an a i inbreathing f i sh , C la r ias 

batraehua (Linn , ) . 

I t was observed tha t the systgn of Cl a r i a s batrachus 

can function within broad range of po l lu t ion by EHC and 

t ox i c i t y response of t h i s f i sh towards BHC esqposure i s a 

f\jnction of concei t ra t ion and duration of e3q)osure. The 96 

hours t o x i c i t y to lerance l i m i t ( Tkn ) value for t h i s f i sh 

has been ca lcula ted to be 15.94 mg/l, which i s higher com­

pared to several freshwater f i shes . 

The behavioural response of the f i sh towards toxicant 

was grossly depeident on concentration and length of e:^osure. 

Increased a e r i a l excursions and opercxjlar movenent was 

observed as immediate r e ^ o n s e of f ish towards the toxicant . 
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Liver weight, l i v e r somatic index (LSI),gonad weight, 

gonado-somatic index (GSI) decreased with increas ing concen­

t r a t i o n of BHC, There was marked increase in l i v e r water 

(13.75%) and gonadal water in animals exposed to BHC for 15 

days. Decreased feeding r a t e , growth r a t e and hydration of 

l i v e r and gonad ind i ca t e the toxic effect of BHC, 

In higher cone ©it r a t i o n s of BHC f i shes ^owed \iftiite 

woijnd pa tches on the skin surface a t the s ides of the body. 

Marked discolourat ion and depigmentation of the skin a f t e r 

BHC e^^osure has heen observed. Fishes e^^osed to higher 

concentra t ions have t r i e d to remain almost in v e r t i c a l 

pos i t ion perpendicialar to the base of aquaria. The terminal 

phase was character ized by ag i ta ted movemeits, tremors, 

convulsions and l o s s of balance. The dead f i sh showed several 

would patches on e i t he r s ides of the body and vdiitish g i l l s 

with copious mucus. 
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CHAPTER—II 

ACUTE TOXIC EFFECTS OF BHC ON 
CORPUSCULAR HAEMATOLOGY AND 

RATE OF OXYGEN CONSUMPTION 



Introduction 

The contamination of water by p e s t i c i d e s can have 

de le te r ious e f fec t s on organians. The na ture of the ef fec ts 

va r i e s but can include s t ruc tu ra l and functional modification 

a t both the c e l l u l a r and sub-ce l lu la r l e v e l s in a var ie ty of 

organians ( Vera a jgi ^ . , 1978»1981 ) . s^erg'eneralsha'emato l o ­

g ica l t e s t s are used to e s tab l i sh the nonnal heal th s t a tus 

and to diagnose d iseases caused by var ious fac to rs , v i z . , 

n u t r i t i o n , environmental s t r e s s , tox icant , p a r a s i t i c in fec ­

t i o n s e t c . in human and ve ter inary medicine but such facul­

t i e s are not well es tabl ished in poiki lotheims especia l ly 

f i shes (Wedeneyer and Yasutake, 1977). The increas ing use of 

f i sh as t e s t species in toxicologica l s tud ies in re la t ion to 

po l lu t ion necess i t a t ed the establishment of nonnal haematolo-

gica l and physiological values . Fishes are in t imate ly asso­

c ia ted with t h e i r aquatic environment and readi ly r e f l e c t s 

the measurable physiological change (Klontz, 1972). 
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Recently haematological s tudies has widely been made 

on f i shes by a number of i n v e s t i g a t o r s to es tab l i sh noimal 

values (Hall and Gray, 1929; AlbrLtton, 1952; Ostromova, 196© 

Preston, i960; Pradhan, I96l; Haws and Goodni^t , 1962; Sr ivas-

tava, 1968a, b , c , 1969a, b, 1970; Srlvastava and Gr i f f i th , 1974; 

Mulachi, 1970; Josh i , l978; Murachi, l978;G\2pta and Gxipta, 1981; 

Goel j t a i , , l 9 8 1 ; Banerjee, 1981,1982; Lowe-Jinde and Nimi, 

1983; Thakur, 1986). 

The cyc l i c changes in the eivironmoatal time cues, 

v i z . , temperature, daylength (photoperiod), humidity, r a in ­

f a l l , food and physico-chonical composition of medium have 

pronounced effect on the l i f e of p o i k i l o t h e m i c animals and 

are in t imate ly r e l a t ed to rhythmic physiology of animals 

(Wolfson, 1964; Bunning, 1967 ) . With the increas ing emphasis 

on f ish haenatology, under various physiological condit ions 

of the animal a good deal of l i t e r a t u r e i s ava i lab le (review 

by HavAtins and Mawdesley-Thomas, 1972), \diich i nd i ca t e the 

seasonal v a r i a b i l i t y of haematological values with changing 

eavironmental condit ions round the year. Similar observations 

have also been made by recent workers (Khan, 1977; Pandey, 

1977; Prasad e t ^ , , 1978; Agrawal and Srivastava, 1976a, 1978; 

Chanchal ^ a]^. ,1979; Mahajan and Dheer, 1979; Thakur, 1986). 
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Attaoapts to co r r e l a t e the changes in the number of 

c i r cu l a t i ng blood corpmscles with reproductive a c t i v i t i e s 

and o ther ^ d o c r i n e fac tors , too seems to be scant and the 

r e s u l t s are conf l i c t ing . Cemikova (l967) f a i l ed to find any 

seasonal d i f f e ro i ce in the blood of Ruti lus r u t i l u s . Abrami s 

brama and Lota l o t a . Khan (l977) in C, batrachus. Joshi and 

Tandon (l977) in H . f o s s i l i s and Tugarina and Ryzhova (l970) 

in Thvmalius a r c t i cus ba ica lens i s have shovaa an increase in 

erythrocyte number and haemoglobin concoi t ra t ion during 

spavining per iod in these species on the o ther hand, Robert­

son §t a l , (1961) in Oncorfavnchus tscharvntscha and Orecka 

(1970) in Tinea t i n e a have reported a decrease in the eiT-

throcyte counts during spavming season, Schlicher (l927) i s 

of the opinion t h a t erythrocyte number decreases a f t e r spawn­

ing \^e reas , Prasad £ t a l . Cl978) and Chanchal ^ a l . (1979) 

found biannual increase (once during breeding season and 

again during pre-'vdnter) in the haenatological values of M. 

aculeatian and A, tes tudineus respec t ive ly . Vemidub and 

Kolovaba ( l97 l ) have reported tha t during the f i r s t year of 

l i f e , young Salmon, Salmo tmi t t a . l i v i n g in the t ran^^olar 

region have two peaks of ttiyroidal a c t i v i t i e s and both are 

re la ted to high erythropoies is i n t o i s i t y , Sl icher (1961) has 

described the inf lueace of gonadal s t e ro ids and Cort isol on 

the W'BC responses in Fundulus h e t e r o c l i t u s . Influence of 
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endocrine factors on haenatology has been investigated by 

Srivastava and Meier (l972), Meier and Srivastava (1975), 

Srivastava and Pickford (1972), Pickford £ t aO,. (1971).' 

A perusal of the above reports reveals a very contro­

versial situation and one i s l e f t with the impression that 

no definite pattern i s followed in the var iabi l i ty of haema-

tological indices in relation to cyclic oivironmental varia­

t ions and breeding cycle in fishes, as i t differs from one 

species to another. The need therefore for the base-line 

data on haematological valuesof each species for the diagno­

s i s of health and diseases i s evident. The l i t e r a tu r e on the 

role of various endocrine factors, vtoich are associated with 

the adaptability of animals under changing aivironmoital 

conditions (Hoar, 1959) in relation to haenatology of fishes 

i s not well docunented. 

The contamination of fish habitat by different 

pollutants i s of great concern, sometimes causing heavy 

mortality of a localized fish population and the i r food 

organ!ans. Most information about the effects of oaviron-

mental pol lutants on aquatic animals has been obtained from 

mortality studies. Very l i t t l e i s known about the damage to 

different internal organs or processes within an organism 

following exposure to environmental poisons. Consequently 
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knowledge about the mode of act ion of tox ican t s , of cause 

of death in poisoned aquatic animals i s oftesi lacking, A 

b e t t e r understanding of these mechanisns i s necessary i f we 

want to p r e d i c t the p o t o i t i a l haimfulness of var ious chemi­

c a l s to the eavironment (Larsson gt a l , ,1976). 

Blood i s an important physiological system p a r t i c i ­

pa t ing in the i n t e r n a l and external metabolian r eac t s sharply 

to any change in the organism, A toxicologica l study of blood 

f a s c i l i t a t e s timely detect ion of the pathological sh i f t in 

the organism and he lps to ident i fy the e x t e i t and na ture of 

devia t ions from the normal condit ions. Changes in blood 

under the inf luence of d i f fe ren t environmental f ac to r s 

including tox ic substances are mainly studied from quant i ta­

t i v e parameters (Strozxszhuk and Guleva, 1983), 

In r e c e i t years attempts have been made to eLucidata 

the toxic e f fec t s of var ious chanicals on haematological 

parameters, as i t i s believed to be the sens i t ive ind ica to r 

to t e s t the exteat of haimfulness of po l lu t ion on aquatic 

organians especia l ly f i shes (Bhimachar, 19^6; Bhaskaran, 1946; 

Palmer, 1951; Weinreb, 1958; Frolova, I960; Ostromova, i960; 

Preston, i960; Krylov, 1964; Esler and Edmunds, 1966; O'Brien, 

1967; Vas i l ' ev , 1969; McKim, 1970; Pickford ^ ^ . , 1971;Boiler 

1973; Saad, 1973; Sangalang and Hollaran, 1973; Mcleay, 1973; 



4^ 

Ne\flnan and Maclean, 197^; Kawatski and McBonald, 1974; Saad 

jgt a i . ,1974; Ktmar and Bhattacharya, 1975; Svobodova, 1975; 

Maziarka, 1975; Goldin, 1975; Meleay, 1975; Qayyum ^ t a^., 1976; 

Agrawal and Srivastava, 1976; Lunn ^ ai . , , 1976; Lone and 

Javaid, 1976; Sakoori £ t a^., 1976; Pandey ^t a l . , 1976b; Laiv 

son ^ a l . , 1976; Panigrahi , 1977; Tishinova Nanova, l977;Nayak 

and Madhyastha, 1977; Sham! £ t ^ , , 1978; Bilgrami and Qayyun, 

1978; Hodson jgt a l . , 1978; Pandey ^ i ^ . , 1979; Choudhary, 

1979; Panigrahi and Mishra, 1980; Shafi, 1980; Goel and Gerg, 

1980; Mahajan and J m e j a , i980; Pandey et a l . ^ 1981; Ollens-

chlaeger, 1981; Rai and Qayjrum, 1981; Singh and Srivastava, 

1981; Sharaia and Gi^ta, 1982; Goel ^ a l . , 1982; Kodama £ t 

a l . , 1982; Sarasquet te ^ ^ , , 1982; Mi shra and Srivastava, 

1983; l984;Pandey et a l . , 1984; Thurston et ^ . , 1984; Stroro-

zhuk and Guleva, 1983; Rai and Qayjaum, 1984; Natarajan, 1984). 

A perusal of the l i t e r a t u r e i n d i c a t e s t ha t the ef fec ts of 

var ious tox ican t s on haematological parameters of Indian 

f i shes i s comparatively of recent o r ig in . 

The metabolic r a t e in f i shes , as ejcpressed in terms 

of oxygen consumption i s influenced by a number of external 

and in t e rna l f ac to r s ( review by Fry, 1971 ) . The measurement 

of oxygei consumption i s a sens i t ive method of es tabl ish ing 

the r e l a t i v e importance of var ious environmeital changes 

vdiich i s r e f l ec ted in metabolic r a t e . Amongst the various 
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fac to r s affect ing the metabolic r a t e in f i shes are age, and 

body size (Job, 1955; Winberg, 1956; Kramer, 1972; Munshi and 

Dube, 1973; Ojha and Munshi, 1975; Munshi £ t ^ . , 1976; Ojha £ i 

a i . ,1977), temperature (Beamish, 1964; Kramer, 1972; Rajgopal 

and Kramer, 1974), season (Wells, 1935; Privolnev, 1948; Pandey 

1978), photoperiod (Robert, I960; Withy and Saunder, 1973), 

thyroid (Hoar, 1958; Pr i tchard and Gorbman, l960;Gabos et a l . . 

1973) and gonadal a c t i v i t i e s (Hoar, 1958; Beamish, 1964;Pandey 

1976), In recent years attempts have also been made to study 

the effect of var ious po l lu t an t on the resp i ra to ry physiology 

of f i shes (Ranke Rybicka, 1975; Hughes, 1975; Waiwood and 

Johnson, 1974; Kawatski and McDonald, 1974; Limn jgt a l . , 1976; 

Pandey ^ a l . , I976b; Hughes, 1976; Singh and Singh, 1977; 

Reddy et a l . , 1977; Pandey ^ ^ . , 1979; Choudhary, 1979; Tort, 

Crespo and Balasch, 1982; Sinhaseni e t a l . . 1983;Hose.Hunt and 

Stof f e l , 1983; P a t i l and Kaliwal, 1983; Pandey ^ a l , , 1984). 

L i t e r a tu r e re la ted to the effect of po l l u t an t s on the 

oxygen consumption in Indian f i shes i s f ragnei ta ry . The p re ­

sent ivork is an attempt to e l l uc ida t e the acute toxic e f fec ts 

of an organochlorine i n s e c t i c i d e . Benzene hexachloride (BHC) 

on haematological parameters and r a t e of oxygei consimption 

of an a i r -b rea th ing f i sh , CI a r i a s batrachu;^ (Linn.) , 
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Nomericlature of Blood Cel l s 

With the increas ing emphasis on f ish haematology for 

diagnost ic purposes ijnder var ious physiological condit ions 

of the animal a good deal of l i t e r a t u r e i s ava i lab le (review 

by Ha>ikins and Mawdesley-!Ehomas, 1972), Although several r e ­

views of selected l i t e r a t u r e s have been published by various 

authors quite recent ly (Haider, 1967a, b, 1968; Hunn, 1967; Haŵ -

k ins and Mawdesley-Thomas, 1972; Blaxhall , 1972), but the 

controversy has not yet been f i na l ly resolved, The t rend of 

recognizing var ious c e l l s in per iphera l blood' snears of 

f i shes i s based mainly on mammalian observat ions. 

Erythrocytes 

Mature erythrocytes in per iphera l blood of f i shes have 

been i d e n t i f i e d and described qui te c lea r ly in several f i sh 

species by many inves t i ga to r s . There i s now general agree­

ment t ha t the Immature erythrocytes (also ca l led polychroma-

tocytes j may be d i f f e ren t i a t ed from matured one by the 

appearance of the nucleus and by the s ta in ing reac t ions of 

the cytoplaan. Polychromatocytes represent approximately 1% 

of the t o t a l number and are rounder and bluish-grey in gieoasa 

stained smears ( E l l i s £ t a i , ,1978 ) . According to varying 

degrees of matur i ty they have been dis t inguished in to early, 

mid and l a t e r polychromatocytes (Klontz £ t a l , , 1964), 
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There i s no suf f ic ien t evidence to prx>ve the useful­

ness of leucocyte d i f f e r en t i a l counts on f i sh a t present and 

i t was assumed t h a t d i f f e r en t i a l counts on f i sh as in human 

medicine could prove i t s diagnost ic u t i l i t y vhen sxiffici-f 

ent amountof ev ide ice i s gathered (Blaxhall and Qaisley, 1973). 

Lymphocytes 

Lymphocytes are most ntjmerous c e l l s in f i sh blood, 

Bo.inbrDwski ( 1953 ) d i f f e ren t i a t ed the lymphocytes on the 

b a s i s of presence or abseace of cytoplaan around the nuc­

l eus . Jordan and Speidel ( 1923 ) and Topf ( 1955 ) on the 

bas i s of t h e i r s ize d i f f e ren t i a t ed then to aoaall and big 

ones, vtoile Haider ( 1968 ) recorded big, middle and snai l 

lymphocytes. But, the re i s now a general agreement t ha t 

lymphocytes can only be d i f f e r a i t i a t e d as small and big 

(Biasdiall and Daisley, 1973; Pandey, 1974; Chaudhary, 1979; 

ThakuTf 1986), They r ^ r e s e n t d i f fe ren t functional s t a t e s 

within t he c e l l population r a the r than varying in functional 

capacity. 

Monocytes 

Monocytes have remained a subject of controversy among 

f ish haaoaatologists ( ELlis, 1977 ) . Schsperclaus ( 1954 ) a 
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pioneer f i sh haematolegist and pa tho logis t described the 

morphological d e t a i l s of monocytes in carps. According to 

him the monocyte i s r ich in cytoplaan, of about 14 Am in 

diameter and the nucleus i s ren i fom in structure,made up of 

loose chromatin threads. Catton (l95l),Dombrowski (l953) and 

Topf (l955) suspected the presaiceof monocyte in f i sh blood, 

E l l i s s i ^ , (1978) observed tha t only ^% of the c i r cu la t ing 

leucocytes are monocytes. Ilie u l t r a s t ruc tu ra l d e t a i l s of 

monocyte has beei inves t iga ted by Ferguson (1975a,b). Mono­

cytes are p a r t i a l l y d i f f e ren t i a t ed c e l l s and can develop 

in to mature c e l l s of mononuclear phagocyte system. They have 

also beoi termed as macrophage (Klontz, 1972; Connoy, 1972; 

Chaxidhary, 1979). According to Klontz ( 1972 ) macrophage i s 

derived from d i f f e r en t i a t i ng l a rge lymphocytes. The nucleus 

of macrophage i s l a rge , i r r e g u l a r and i s sna i l in proportion 

to the t o t a l c e l l volume. The cytoplaan i s basophi l ic and 

possess numerous small vacuoles. 

GyanulQpytgp 

Various authors have claimed the preseace of various 

kinds of granulocytes such as neu t roph i l s , acidophi ls and 

basophils but some fa i l ed to recognize acidophi ls and s t i l l 

o the r s to basophils in f i sh leucocytes . The neutrophi l i s 

often termed polymorphonuclear leucocyte o r he te rophi l . 
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Neutrophil strongly r eac t s to benzidln-peroxidase reaction 

and therefore , could eas i ly be recogaized by t h i s s ta in . 

Histochemical charac ters of p l a i c e neutrophi l has been 

extensively inves t iga ted by E l l i s ( 1975 ) and he concluded 

t h a t the neut rophi l of f i sh in most respect resemble the 

mammalian neu t roph i l . They reac t p o s i t i v e with pe r iod ic acid 

Schiff ( PAS ) , Sudan black-B, acid and a lka l ine phosphatase 

t e s t s . The nucleus may ^ow de f in i t e segnei ta t ion, but in 

many de f in i t e lobat ion may not be present , Pseudopodia l i k e 

s t ruc tu re may be occasionally present ( Haider, 1968 ) and 

the re are enough evideices to show the phagocytic a c t i v i ­

t i e s ( E l l i s j£t ^ . , 1978). 

I t i s evident from the review of l i t e r a t u r e s (ELlis, 

1977) t ha t presence o r abseice of eosinophil and basopha 

granulocytes in f ish blood claimed by several authors have 

remained a mat ter of controversy. ELlis (1978) argues beyond 

doubt about the presence of these two granulocytes, but one 

type of leucocyte could eas i ly be mistaken for the o ther . 

Conroy (1972) in Salmo sa la r bifurcated the c e l l s of granu­

l o c y t i c s e r i e s under f ine and coarse granulocytes. He fur­

t h e r placed neutrophi l and metamyelocyte xander f ine granu­

locy te and the r e s t , probably eosinophil under coarse gra­

nulocyte, Blaxhall and Daisley ( 1973 ) grotJ5)ed the c e l l s of 
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granulocytic s e r i e s of Salmo t r u t t a in to neutix)phil,metamye­

locy te and myelocyte. Eosinophil and basophil leucocytes 

are peroxidase negat ive (Haider, 1968). Bombrowski (1953) and 

Topf (1955) d i f f e ren t i a t ed the c e l l s of granulocytic s e r i e s 

by peroxidase react ion in to peroxidase p o s i t i v e and negat ive 

c e l l s . They fur ther noticed tha t the basophi l ic granulocytes 

to be the forerunner of thrombocytes and heice ca l led than 

thrombocyte b l a s t , but the tenn i s confusing and misleading. 

Pandey ( 1974 ) vtoile working on the haonatology of Cvorinus 

caroio suffering from a i r bladder inflammation disease also 

used the method of Bombrowski ( 1953 ) and Topf ( 1955 ) for 

d i f f e r a i t i a t i n g the c e l l s of granulocytic s e r i e s . 

Thrombocyte^ 

The presence of thrombocytes in the form of typ ica l ly 

elongated c e l l s had been a mat ter of discussion in the pa s t . 

These are often tenned spindle c e l l s . Haider (1967b) recog­

nized the d i f fe ren t developing s tages of spindle c e l l s by 

Unna-Zidil s ta in ing and proved tha t spindle c e l l s are inde-

peadent c e l l type and can only be groi:5)ed under thrombocytes. 

The general s t ruc tu re of ^ i n d l e c e l l s have been described 

by E l l i s £ t a l . (1978) and have cor rec t ly s ta ted tha t a spent 

thrombocyte may frequently be confused vidth lymphocyte. 



Developing c e l l s e r i e s 

Pr imi t ive c e l l s of developing ce l l s e r i e s are often 

found in t he c i r cu la t ing tslood (Catton, 1951; Weinreb and 

Weinreb, 1969; Pandey, 1974). Since the re i s great o v e r l y in 

moiphological c r i t e r i a for i d e i t i f i c a t i o n of more p r imi t ive 

c a l l s found in f i sh blood, therefore Blaxhall and Daisley 

(1973) groi5)ed them as "blas t c e l l s " . 

On the bas i s of above discussion, in the p r e s u l t 

inves t iga t ion following nomenclaturea^i have been used:-

1. Erythrocytic s e r i e s 

2. Leucocytes 

A. Non-granulocytic s e r i e s : 

a. Lymphocytes 

i . anal l 
i i . Large 

b. Macrophage 

B, Granulocytic s e r i e s : 

a. Peroxidase p o s i t i v e - Neutrophil 

b. Peroxidase negat ive - Myelocyte 

(>dth f ine and coarse granules, i . e . , basophil 

and eosinophi l ) . 

3. 'thrombocytes 

4. Blast c e l l s . 



Materials and Methods 

The methods for procuremecits of animals and t h e i r 

mainteiance have already been described in the previous 

chapter. 

Experimental conditionl(Hae&iatological inves t iga t ions ) 

After the acclimation of the f i sh in the .laboratory 

condi t ions for a week, the animals of same sex and body 

weights ( male: 59-65g ) were exposed to t e s t cone t i t r a t i o n s 

of 2.0, 4 ,0 , 8,0 and 16.0 mg/l BHC for 96 hours,during which 

the po l lu t an t water of each conce i t r a t ions were renewed 

afresh every 24 hours. The water tonperature renained during 

t h i s per iod a t 30-32,5*0 ( %)ril-May ) . A control of s imilar 

s ize and weight was maintained separately along with the ex-

per imei ta l animals. All f i shes were fed dai ly with chopped 
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goat l i v e r . Haonatological i nves t i ga t i ons were imdertakaa 

a f te r 96 hours ejqposure to various concentrat ions of EHC 

together with a separate control for each^ u t i l i z i n g ten 

animals. 

At the time of experiment, the f i shes were taken out 

of the aquarium with l e a s t s t r e s s , using a hand ne t . Each 

f i sh was l i g h t l y anaesthesized ( Klontz and Snith, 1968 ) by 

MS222 (Sandoz) solution in water. Blood samples were co l l ec ­

ted by cardiac puncture using h3^odennic needle no. 24 fixed 

onto a 2 ml s t e r i l i z e d syringe, each f i ^ being sampled 

once. The blood i s col lec ted slowly and s tead i ly , thereby, 

reducing the mechanical breakdown of red c e l l s as fa r as 

poss ib le . After taking out the blood each f i sh was b lo t ted 

with turk ish towel and t h e i r weights were recorded. In the 

present inves t iga t ion ,hepar in (a solution of 5000 I .U,) has 

been used as an anticoagialant since i t i s the best anticoagu­

l a n t as i t does not a l t e r s the s ize of the red c e l l s and 

minimizes the chance of haeoaolysis, as well as i t does not 

i n t e r f e r e during the estimation of e l ec t ro ly t e s in comparison 

to o ther anticoagialants. However, for d i f f e r e n t i a l counts of 

leucocytes trisodium c i t r a t e (TSC) was used as prescr ibed by 

var ious authors . 
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Total erythrocytes and leucocyte cotaits 

Several d i lu t ing f l u i d s suggested ty d i f f e r a i t workers 

were t r i e d : Siaw's (l930),Ress Ecker Fluid (Lucas and Jamroz, 

196l> and modified Dacie ' s f lu id (BlaxJaall and Daisley, 1973). 

"The l a t t e r f l u id stored well , s tained the c e l l nucle i effec­

t i v e l y and was found most su i t ab le fo r use with f i ; ^ blood, 

v^en s l igh t modif icat ions were made. The method adopted was 

to keep stock solution of t h i s flioid and t h i s was d i lu ted 

four times with tri-sodium c i t r a t e solution before use. In 

p lace of 1 in 50 d i lu t ion of blood, as suggested by Bla3diall 

and Daisley ( 1973 ) , in the present method the blood was 

d i lu ted to 1:200 in the conventional g lass erythrocyte p i p e t t e 

to avoid the clumping and agglut inat ion of c e l l s as sugges­

ted by Thakur ( 1986 }» The t o t a l erythrocyte and leucocyte 

counts per mm were determined by Neubauer improved double 

h aemo cy tom et er, 

Hagnoglobin estimation 

The haemoglobin concentration in g/lOO ml of blood 

was determined colo rim e t r i c a l ly by Cyanomethaemoglobin 

method using Drabkin's reagent as d i l u t i ng f lu id and commer^ 

c i a l l y ava i lab le standards. This method was found s i^e r io r 

because of the consistency of the r e s u l t s , s t a b i l i t y of the 

r eaga i t s and the commercial a v a i l a b i l i t y of standards. 



S2 

fiaanatocrlt (Packed ce l l vol\jme^ 

Haanatocri t value was measured by heparinized micro 

haenatocr i t tube ( 1.1-1,2 mm ) a f t e r centr i fugat ion for 5 

minutes a t 10,000 rev/mln. The per cent haana tocr i t value 

was detennined with the aid of a microhaematocrit reader. 

From these data absolute values, 1, e , , mean corpuscu­

l a r haemaglobin (MCH) and mean corpuscular haenoglobin con­

centrat ion (MCHC) were calcula ted by the following foitnula; 

, MCH V » HamQfi ; i ,Qb^ i n R / I Q Q b l Q p d 
tPico grams) Erythrocyte countsCmillion/cu mm) 

MCHC {%) = H^pngfilgbin ^ fi/lOP ml gf b;i,9p^ 
^ Haematocrit value/100 ml 

D i f f e r g i t i a l blood ce l l counts and t h e i r measurgngits 

The th in blood an ears were prepared on the alcohol-

cleaned s l i d e s and a f te r a i r drying were fixed in methanol 

for 10 minutes and then stained with May-Grunwald-Giemsa 

s t a ins ( Hayhoe ^ a l . ,1964 ) , This s ta in i s considered by 

many medical haematolegists to have given s t ^e r i o r r e s u l t s 

to o ther s t a in s . The blood c e l l morphology was studied 

t h r o u ^ l i g h t microscopy and on the bas i s of morphological 

differences and cytochonical reac t ions , the r e l a t i v e nvanber 

of each type of leucocytes in the blood were coxinted and 

expressed in percentage. 



The dimmsions of red blood c e l l s were detennined by 

ocular (eye p iece) micrometer on May-Gmmwald Giensa stained 

blood smears. The surface area and the th ickness of erythro­

cytes were calcvilated from the observed data . 

S tuden t ' s ' t ' t e s t were applied to evaluate the leve l 

of s ignif icance of a l l the parameters analyzed a t 5% l e v e l . 

All the values of blood parameters estimated under d i f fe ren t 

e35>erim0ital condit ions, were ca lcula ted and analyzed in the 

"Research Service Centre" of the Bhagalpur l i i ive r s i ty with 

the help of Computer Programming, 

Experimeital condition I I (Vop measurements) 

Live specimens of CI a r i a s batrachus were procured 

from loca l f i sh dealer at Bhagalpur, The f i shes were a c c l i ­

matized in the laboratory condit ions for a week before begin­

ning the experimentation. Care has been take i to keep the 

animals heal thy and free from p a r a s i t e s . The animals were 

fed daily with the p ieces of goat l i v e r . The water tempera­

t u r e remained during t h i s per iod at ZA-ZS^C (October), The 

animals were exposed to the t e s t concentrat ions of 2 ,0 ,4 ,0 , 

8,0 and l6,o mg/1 SiC for 96 h r s during vfeich the po l lu t an t 

water of each concentrat ions were renewed afresh every 24 

hours. 
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DeteiTOination of Vo-

The d e t a i l s of the method employed in the determina-

t ion of r a t e of oxygei i:qptake through g i l l s and skin tinder 

e:q)erimental condi t ions in vAiich surfacing e i t h e r prevented 

( i . e . , free access to a i r not allowed) or allowed ( i . e . , free 

access to a i r allowed) were those of Munshi and Dube (1973). 

In the f i r s t s e r i e s of exper imei t , i , e . , surfacing prevented, 

Munshi and Dube (l973) used a cy l indr ica l g lass respirometer 

with provision of continuous flow of water through i t and 

removal of enclosed a i r (Pla te-XI) , Under t h i s condition the 

f i sh was not in a pos i t ion to u t i l i z e i t s a i r -b rea th ing or 

accessory resp i ra to ry organ, therefore , the f i sh extracted 

the oxygen from the water for i t s requiremeits only through 

the g i l l s and skin. 

In the next s e r i e s of experiment a rectangular acrop-

l e x box of ^proximate ly 4 l i t e r capacity, having a anall 

a i r chamber a t i t s top to minimize gaseous exchange at the 

a i r water i n t e r f ace , was used (Plate-XI) . Iftider t h i s condi­

t ion the f i sh can obtain a i r from the anall a i r chamber in 

addition to ext rac t ing oxygen from water through g i l l s and 

skin. 

The concentration of dissolved oxygoi in water samples 

were detenninedly Wrinkler 's volumetric method (Welch, 1948). 
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Measurenent of Vop in var ious 
coDCgitrations of BHC exposure 

The effect of BHC on the r a t e of oxygen vgjtake was 

measured at four d i f ferent conceit r a t i o n s from 2.0, 4,0, 8.0 

and 16,0 mg/1 and a separate control was maintained in fresh 

aerated tap water. Fishes having almost same body weight 

(6o g) were used in the present experimoit in order to avoid 

any change in the r a t e of oxygei consumption due to body 

s ize . Moreover, feeding was stopped at l e a s t 24 hours before 

measuring the r a t e of oxy gen-con sumption. The Vop has been 

e3q)ressed in ml/kg/h. 

Ten f i shes in each experimental and control groiqj 

were used and the mean values were compared. The d i f f e ra i ce 

of s ignif icance, i f any was calcula ted by s t u d e i t ' s t - t e s t 

a t the leve l of 3%, All the values of Vop estimated under 

d i f fe ren t experimeital condi t ions were ca lcula ted and ana­

lyzed in "Research Service Centre" of the Bhagalpur l&iiver-

s i ty with the help of Computer Programming. 



Observations 

Experimental condition I (Corpuscular Haematologv'^ 

Erythrocytes 

The number of circxolating erythrocytes decreased with 

increas ing concentrat ions of BHC. Maximum decrease was obser­

ved at the h ighes t concei t ra t ion l eve l , i . e . , l6,0 mg/l BHC 

exposure for 96 h r s (1.490+0.009; P < 0 . 0 0 l ) in comparison to 

the control (2.191+0.089; Table-6). 

The erythrocytes of t h i s f ish were e l l i p t i c a l o r c i r -

cvilar in shape. The erythrocyte diameter of the control f ish 

were 31.312+0.109 Am v*iich decreased to 26.179 + 1.050 a f t e r 

16.0 mg/l BHC exposure for 96 h r s ( Table-6 ) . Erythrocyte 

diameter showed inverse re la t ionsh ip with the increasing 

cone t i t r a t i o n s of BHC. The percentage of spherocytosis was 
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proport ional , to the concentration of BHC exposure. The num­

ber of snudge c e l l s ( P la te-VII ) also increased in HiC ex­

posed animals. Vacuolization of erythrx)cytes were also evi­

dent. Sometimes dise^jpeamace of red blood c e l l membrane was 

also observed. The nuclei of the erythrocytes of e:jq)osed 

animals were i r r e g u l a r and eccen t r i ca l ly placed. Howell-Jolly 

bodies were observed in the cytoplasm, a symptom of d i s t r u c -

t i v e anaenia. 

Haemoglobin 

The blood haemoglobin of exposed animals showed a 

decreasing t r end in comparison to control groi^( 12.074+1. 52l) , 

although the decrease in thaemoglobin was s t a t i s t i c a l l y not 

s igni f icant (Table-6; P la te - IX) . 

Haematocrit values 

Haematocrit or the packed c e l l volume ( PCV ) s ig­

n i f i c an t l y decreased with increas ing conce i t ra t ions of BHC 

for 96 hours (Table-6; P la te - IX) . 

MCH and MCHC 

MCH and MCHC showed inverse r e l a t ion to the number of 

c i rc \ i la t ing erythrocytes . MCH showed an increas ing t read and 

was s ign i f i can t ly affected only a t the highest concentration 
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( i . e . , 16.0 ipg/1 for 96 hours; P < 0 . 0 5 ) >*iile MCHC had s ig­

n i f i c a n t l y increased vdth increas ing concentrat ions of BHC 

for 96 hours (Table 6;Pla te-IX) . 

Leucocytes 

Leucocyte t o t a l counts produced a c l ea r t rend of i n ­

crease in leucocyte number a f t e r BHC exposure for 96 hours 

from 4,0 mg/1 concentration onwards to l6,o mg/1. In 2.0 

mg/1 the t o t a l leucocyte count showed s ign i f ican t decrease 

( 14.525+0.854 ) from the control ( 29.39<).037 > ^*iile in 

8,0 mg/1 and 16.O mg/1 a s ign i f ican t increase of leucocyte 

count was not iced (P<O.01; P< 0.001 respect ive ly ; Table-6; 

PI ate-IX). 

C lass i f i ca t ion of leucocytes of C la r i a s batrachus 
and ^ f e c t of EHC exposure on d i f f e r e n t i a l leuco-

cvte counts 

The leucocytes of C la r i a s batrachus as evident from 

the present observation showed c lea r ly t h a t only 4 d i f ferent 

kinds of c e l l s were present . They were c l a s s i f i e d in to agra-

n\alocytes and granulocytes r e f l ec t i ve ly on the bas i s of 

absence o r presence of granules in t h e i r cytoplasm. Further 

agranulocytes were dis t inguished as Israiphocytes and mono­

cytes . Similarly grantiLocytes were fur ther c l a s s i f i ed as 

neu t roph i l s and eosinophils only. 
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Lymphocytes 

Lymphocytes were character ized by a pix)minent nucleus 

and vd.th or vdthout basophi l ic cytoplasn. Lymphocytes were 

fur ther d i s t i n g u i ^ e d as snai l and big on the bas i s of t h e i r 

s ize . Total percentage of lymphocytes showed marked increase 

in a l l experimental animals ( Table - 8; P l a t e - X ) . The 

maximum increase of lymphocytes were observed in 2,0 mg/1 

and 16.0 mg/1 BHC exposed animals for 96 hours (76% and 80%; 

P<0.001 and P ^ 0 . 0 0 1 respec t ive ly ) . 

Monocytes 

Monocytes were not located in the animals exposed to 

the lowest BHC concentration, i . e . , 2,0 mg/1 but in 4.0 and 

8.0 mg/1 they showed maximum increase althougji t h i s increase 

was s t a t i s t i c a l l y non-s igni f icant (1 .3 to 1,6% respec t ive ly ) . 

In the h ighes t concei t ra t ion the pe rce i t age of monocyte 

again declined (Table-8; Pla te-X) . 

Neutrophils 

Signif icant decrease in the number of neu t roph i l s was 

observed with increas ing concentrat ions of BHC. Maximum dec­

rease in neut rophi l percentage was observed at 16,0 mg/1 BHC 

exposure for 96 hours (13.6+6l8;P< 0.001 ;Table-8;Plate-X). 
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EXPLANATION OF PLATE - VI 

F ig . i : Showing e l l i p t i c a l e r y t h r o c y t e s , b a s o p h i l s and 

n e u t r o p h i l s (arrow) from blood smears of noraial 

an imals (100x4x). 

F ig , 2: iShov/ing l a r g e lymphocyte (arrow) and b a s o p h i l s i n 
blood smears of nonnal animals ( l00x4x) . 

F ig , 3: Showing m u l t i n u c l e a t e d n e u t r o p h i l from normal 

animal ( l00x4x) . 

F ig , 4: Showing eos inoph i l from noiroal animal ( l00x4x) . 
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E}(PLANATION OF PLATE - VII 

F ig . i : Showing b l a s t c e l l s i n the hlood snea r s of normal 

an imals ( l00x4x) . 

F ig . 2: Showing l a r g e number of gnudge c e l l s i n t h e blood 

smears of ejqperimental animals (lOOxA-x). 

F i g . 35 Showing thrombocyte ( s p i n d l e shaped) i n t h e blood 

an e a r s of normal animals ( l00x4x) . 
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EXPLANATION OF PLATE - VII I 

F ig , i : Showing vacuo la t ion of e r y t h r o c y t e s i n t h e 

blood snea r s of BHC ( 8 , 6 rag/1) e3<posed animals 

(100 x4x) . 

F ig , 2: Shovdng l a r g e number of vacxJoles i n t h e e r y t h r o ­

c y t e s (arrow) and s h i f t i n g of n u c l e i towards t h e 

p e r i p h e r y i n BHC ( l 6 , 0 mg/l) ey^osed, an imals 

( I00x4x) , 
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EXPLANATION OF PLATE - IX 

His tograms shomng t h e e f f e c t of v a r i o u s cone t i t r a t i o n s 
of BHC 65^0sure fo r 96 hour s on e r y t h r o c y t e s , l e u c o c y t e s , 
e r y t h r o c y t e d iamete r , PCV, MCH and MCHC of C .ba t r achus . 
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EXPLMATION OF PLATE 

Histograms shovdng t h e e f f e c t of v a r i o u s c o n c e n t r a t i o n s 

of BHC exposure fo r 96 hou r s on d i f f e r e n t i a l l e u c o c y t e 

coun t s i n C_« h a t r a c h u s . 
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Eosinophils 

Eosinophils showed a decreasing trend in a l l the 

experimental animals. Maximum decrease of eosinophils was 

observed at 2,0 mg/1 BHC ejqposure for 96 hours (P 0,001; 

Table-8; P la te-X) . 

Regression and cor re la t ion ana lys i s 

A l i n e a r r e l a t iond i ip has been es tabl ished between 

conce i t r a t ions of BHC (X) and erythrocyte- counts (Y), Mean 

Corpuscular Haeonoglobin (Y ) and t o t a l leucocytes (Yp), This 

re la t ionsh ip has been establii^ied by the general equation: 

Y = a + b. X 

I t has been observed t h a t with the un i t Increase in 

the concentration of BHC the erythrocyte counts decreases 

by a fac tor of 0,39^ (b value) . The cor re la t ion coeff ic ient 

( r ) have been computed to be high. The value of ' r ' i s 

-0,9082 ( Table-7 ) . The mean corpuscxalar haemoglobin con­

centra t ion (MCHC;Y ) and t o t a l leucocytes (Y > increases by 

a fac tor of 0,551 and 2,211 respect ively with the uni t i n ­

crease in the concoi t ra t ion of BHC, The values of ' r ' of 

MCHC and t o t a l leucocytes a re •K).9344 and 40,9^76 r e spec t i ­

vely (Table-7) . 



eg 

Experiment I I 

Vop in r e l a t i on to concentration of HiC 

The r a t e of oxygen con stamptlon in Cla r las ba,trachus 

a t d i f fe ren t concentrat ions of BHC exposure under txDth the 

e:?)erlmental condit ions ( surfacing prevented and allowed } 

are summarized in Table-9. The mean value of Vop of control 

animals were 74,183+6.144 and 71.923+2.947 under surfacing 

prevol ted and surfacing allowed condi t ions respect ively 

( Table - 9 ) . A perusal of the Table-9 i n d i c a t e s t h a t 

635)0sure of BHC causes an increase in the Vop but the 

values are not c o n s i s t e i t . There was maximum Increase in 

Vop during surfacing preveated condition at 8.0 mg/1 

e35)Osure of BHC f©r 96 hours ( 90.837 + 2,629; P < 0 . 0 1 > 

but in 2.0, 4,0 and l6,o mg/1 BHC concei t ra t ion the data 

showed only non-s igni f ican t increase . There i s no cor re la t ion 

betweei increas ing concentrat ions of BHC to V02 in t h i s ani­

mal, iiAiile during surfacing allowed condition the V02 showed 

a decreasing t r a i d a t 2,0 and 4,0 mg/1 BHC exposures but a t 

concentrat ions 8,0 and 16.O mg/1 the re was s ign i f ican t i n ­

crease in Vop, Maximum r a t e of oxygen consumption was obser­

ved at 8.0 mg/1 BHC e35)0sure (138,182+5.528; P < 0,001 ;Table-

9; P l a t e -XI I ) . 



TABLE 9 

Effec t of a c u t e t o x i c i t y (96 h o u r s exposure) of v a r i o u s con-
c Q i t r a t i o n s of BHC on r a t e of oxygen consumption of CI a r i a s 

b a t r a c h u s (+ Standard e r r o r , n = 10 i n each groi:^il 

Pa rame te r s 
analyzed 

Surfacing p reven ted 
(ml/kg/hr> 

Surfac ing allowed 
(ml /kg /h r ) 

Contro l 

2.0 mg/1 BHC 

4.0 mg/1 BHC 

8.0 mg/1 BHC 

16.0 mg/1 BHC 

74. 183+6. 144 

75.25 5D.316 
NS 

92.471+8.428 
NS 

90.837+2.629 
P < 0 . 0 1 

82.492+1.869 

NS 

71.923+2.947 

71.724+0.352 

NS' 

69.732+4.606 

NS 

138. 182+5.528 

P< 0.001 

113.005+3.324 

P< 0.001 



EXPLANATION OF PLATE - XI 

Diagram of a p p a r a t u s used to deterroine t h e oxygen 

consumption by t h e f i s h under su r fac ing allowed and 

p reven t ed c o n d i t i o n s i n a con t inuous flow of water . 
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EWLMATION OF PLATE - XII 

Histograms showing the effect of various cone s i t r a t ions 
of BHC ejiposure for 96 hours on the r a t e of oxygen con-
sijuption during surfacing allowed and prevsated condi t ions. 
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Discussion 

The haenatological parameters are used as t h e s e a s l -

t i v e i n d i c a t o r s of t ox i c i t y of d i f f e r e i t p o l l u t a n t s . I t i s 

i n t e r e s t i n g to no te tha t the d i f fe ren t groups of p e s t i c i d e s 

or even the p e s t i c i d e s of the sane groi:^) do not have the 

same effect on f i shes . The mode and s i t e of action of dif­

ferent p e s t i c i d e s also d i f f e r grea t ly and therefore no gene­

r a l i z a t i o n i s poss ib le regarding the effect of d i f fe ren t 

p e s t i c i d e s in f i shes . 

Signif icant decrease in the . erythrocyte counts and 

erythrocyte diameter was observed. There was also non-s igni ­

f i can t reduction in haenoglobin concentration,vtoile haenato-

c r i t value declined s ign i f ican t ly with increas ing BHC concen­

t r a t i o n s . Mean corpuscular haemoglobin ( MCH ) showed marked 

increase but the s ign i f ican t inc rease in MCH was only obser^-
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ved at the h ighes t concentration ( l6 ,o mg/ l ) , vitille the mean 

corpuscular haanoglobin concentration (MCHCj increased s ig­

n i f i c a n t l y in a l l the conceit r a t i ons of BHC exposure for 96 

hours. 

Toxicant induced anaenia has been observed by many 

i n v e s t i g a t o r s using various kinds of chanical tox ican ts on 

d i f fe ren t f i sh species ( Pandey £ t a l . . 1976b; Larson ^ a l . . 

1976; Pandey et a l . , 1979; Shafi , l980; Panigrahi and Mishra, 

1980; Pandey £ t a l . , 1981; Rai and Qayyxm, 1981; Raizada and 

Gt;5)ta, 1982; Olloaschaeger, 1983; Mishra and Sri vas t ava, 1983; 

Rai and Qayym, 1984; Pandey et a l , , 1984; Thurston, 1984). 

Signif icant decrease in the number of erythrocytes 

and haenoglobin content was also observed in CCl, in toxica ted 

Clar ias batrachus (Siarma and Gupta, 1982), DDT, Metacid and 

Ibizeb caused anaenia in Channa punctatus (Pandey j t a l . . 

1979). In Cl a r i a s batrachus poisoned by Kel thane (an organo-

chlorine) caused anaemia (Pandey et a l . . 1984). Buckley( 1982) 

inves t iga ted the effect of monochloramine ( NH^Cl ) , a vddely 

used drinking >and waste water d i s in f ectant ,on human erythro­

cytes in vivo indica ted oxidation of haemoglobin (Hb), and 

secondary to oxidant damage, haemolysis of erythrocytes 

in rainbow t r o u t , Salmo ga i rdner i . 
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Malathion ( an organophosphate ) caused s igni f icant 

decrease in RBC counts, haenoglo.bin concentrat ion, PCV and 

MCHC of Channa punctatus ( Pandey ^ a l . ,1976 ) . Panigrahi 

(1977) studied the toxicologlcal effect of mercury poisoning 

on An abas and reported a sharp f a l l in RBC counts, Hb con­

centra t ion, PCV and MCHC. In flounder (Pleuronectes flesus*) 

l i v ing in brackish water of Ba l t i c , a dose depeident depres­

sion of the haematocrit and haonoglobin values a f t e r 15 days 

cadmium exposure was observed ( Larson ^ a l , ,1976 ) . They 

fur ther suggested tha t the depressions in the haematocrit 

and haemoglobin values i s due to anaemia in cadmium exposed 

f i sh . The probable cause of anaemia in flounders in toxica ted 

by cadmixm was suggested to be due to an i nh ib i t ed produc­

t ion of iron and/or to an increased l o s s o r dest ruct ion of 

red blood c e l l s . 

Cadmium induced anaemia i s well docijmeited in higher 

ve r t eb ra tes ( Ni l son, 1970 ) . A cadmiim induced blood anaemia 

has also been observed in experimeits with b i rds (FaLdman, 

and Cousins, 1973), and mammals (Friberg, P i s ca to r and Nord-

berg, 1971). The exact mechanise for cadmium induced anaemia 

i s not ful ly understood but seems to be associated at l e a s t 

p a r t l y , with disturbed iron metabolism caused by decreased 

i n t e s t i n a l absorption (Feldman and Cousins, 1973; Richardson, 

Fox and Fry, 1974). 
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DDTjMetacid and lAiizeb caused anaonia v^iile t rea tmei t 

of Bndrin, Urea and phenol produced polycythaemia ( i . e . , an 

increase in RBC counts and Hb content) in Channa punctatus 

(Pandey ^ al.»»1979). Raizada and Gi5)ta (1982) presented the 

data on the effect of RH-2161 ( a fungicide ) on t o t a l red 

blood c e l l (RBC) and haemoglobin (Hb) contg i t of Trichogaster 

f asc ia tus . the values observed decreased with the increasing 

concentration of the fungicide. The lowest values were ob­

ta ined in 25 and 30 ppm of concentration a f te r 72 and 96 h r s . 

The ozone (0 , ) appeared to at tack the t i s s u e pr imari ly , and 

not the blood v^ich caused at f i r s t an increase and then a 

decrease in the blood values of r^nbow t rou t , Salmo fiaird-

ner i (Ollenschaeger, 198l). Goel £ t ^ . ( 1982 ) studied the 

effect of malathion ( an organophosphate ) on haanatological 

values in Heteropneustes f 0 s s i l i s . The data on the anomalies 

induced by malathion ejcposure for 15 days in the blood para­

meters of H . f o s s i l i s revealed tha t erythrocyte count and 

Hb% decreased s ign i f ican t ly by more than 21 and 34 per co i t 

respect ively causing anaemia. The f indings fur ther supported 

the observat ions of Pandey e t a l . ( 1976b ) and Mishra and 

Srivastava ( l983) . 

Heavy metals such as zinc, copper, lead, cobalt and 

n ickel haemolyzed erythrocytes of several kinds of animals. 

The haemolytic a c t i v i t y of each heavy metal was species 
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specif ic to t e s t animals and zinc affected the erythrocytes 

most profoundly of rain "bow t r o u t , S. ga i rdner i . There was a 

close re la t ionsh ip between the degree of haanolysis and l o s s 

in e l a s t i c i t y of cel l iJ lar menbrane as fa r as e f f ic ie icy of 

heavy metals were concerned. Thus i t i s concluded tha t zinc 

had a special kind of acute cy to toxic i ty in rainbow t rou t 

(Kodama £ t a l . , 1982). 

Similar change of reduction in erythrocyte count and 

Hb content was also observed in Macrognathus aculeatum af te r 

Dimecron e35)osure (Shafi, 1980). In Anabas scandens.depletion 

in Hb and red c e l l s was reported and i t was suggested tha t 

the decrease in erythrocytes may be mostly due to increase 

in erythrocyte l i f e span, haemolysis, osmotic r e s i s t e i c e 

and mechanical f r a g i l i t y of red blood c e l l s , f i na l l y to 

haanolyt ic anaenia. Further, increase in haonatocr i t xipto 

maximum period of 21 days and then a depletion on fur ther 

exposure was not iced. Swelling and vacuolizat ion of red 

blood c e l l s was also not iced. On fur ther exposure disappear­

ance of red blood c e l l menbrane and f i na l ly haenolysis of 

red blood c e l l s was reported. In v i t ro s tudies showed tha t 

on exposure, .shrinkage of red blood c e l l s was ev ide i t (Pani-

grahi and Mishra, 1980), Thurston et a l . (1984) in rainbow 

t rou t a f t e r chronic ammonia exposure also reported the case 
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of microcytic anaania, Rai and Qayyum ( 1984 ) studied the 

effect of lead poisoning on haematological parameters of 

Catla c a t l a . They observed gradual decrease in erythrocyte 

number. Haemoglobin concei t ra t ion was s ign i f i can t ly elevated 

in the lower concentration but in higher concentrat ions 

there was also gradual decrease in Hb content . Mean c e l l 

haemoglobin value also changed s imilar ly but the value noted 

a f t e r higher exposure was s ign i f i can t ly higher than the 

normal. They fur ther suggested tha t the decrease in t o t a l 

erythrocyte due to lead in tox ica t ion can be a t t r i bu t ed to 

haemolysis o r erythix>poietic d isorders viAiich seems to be 

brought about a f t e r the lead treatment. Similarly the case 

of haemolytic anaemia i s also evident from the toxicological 

s tudies of lead on Colisa f a sc i a tu s (Srivastava and M i ^ r a , 

1979). 

In the p r e s e i t study on Cla r ias batrachus the BHC 

and MCHC value bears an inverse re la t ionsh ip with erythro­

cyte count, i . e . , the lower the count the higher the MCH 

and MCHC. The increase in MCH and MCHC values in BHC exposed 

animals are quite s imilar to the observat ions of Srivastava 

( 1967 ) . Such cor re la t ion was also noted in Catla c a t l a in 

cont ro ls as well as in lead t r ea t ed f i sh (Rai and Qayyum, 

1984). 
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Ttixxs from the above repor t s i t i s ev ide i t t ha t presQit 

finding of decrease in RBC counts, Hb per cent and haenato-

c r i t values may be due to haemolytic anaenia a f t e r BHC ex­

posure. Although the mechanian of action of BHC on red blood 

c e l l s i s n o t qui te c lea r vftiich requi res fur ther a t ten t ion and 

research e f fo r t s for complete understanding. I t appears tha t 

BHC i s causing destmaction of red c e l l membrane leading to 

d isso lu t ion of red c e l l s as ev ide i t from the study of blood 

an ears of BHC e^qjosed animals. But the question s t i l l r e ­

mains, how BHC i s affect ing t h i s destruct ion ? 

Chaudhary ( 1979 ) observed an increase in the number 

of erythrocytes , blood and plaana haemoglobin, haonatocr i t , 

MCV and MCH and a decrease in MCHC at var ious concentrat ions 

of malathion a f t e r 24 hours exposure in Heteropneustes 

f o s s i l i s . Similar observation was made on Cyprinus carpio 

exposed to several organophosphate p e s t i c i d e s , v i z . , Neren; 

Trifaiox, M i : i , Metation E-50, Brevinyl E-5o and Decemtion 

P-6 (Svobodova, 1971, 1975). An increase in haematocrit values 

in rainbow t r o u t a f t e r phenol and iron exposure was reported 

by Halsband (1963). Lone and Javaid (1976) observed tha t 24 

hour exposure of malathion reduced the erythrocytes , haono-

globin content, blood c l o t t i n g time but increased in MCH and 

colour index values but a f t e r 96 hour exposure there was 

increase in erythrocytes , leucocytes and haanoglobin content 
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compared to 24 hour es^osure. Quanti tat ive composition and 

morphology of blood c e l l s in coho Salmon, Oncortivnchus 

kisutch ejcposed to mercury was studied by Storozhuk and 

Guleva (1983) and they observed an increased number of ery­

throcytes . While studying the t ox i c i t y of lead to rainbow 

t rou t , Salmo ga i rdner i . Hodson jgt a l . (1978) noted s i g n i f i ­

cant increase in RBC number and decrease in RBC, volume, RBC 

c e l l u l a r i ron content and RBC-6-aminolevulinic acid dehydro-

geiase a c t i v i t y . They suggested tha t these changes might be 

due to increased erythropoies is to compensate the inh ib i t ion 

of Hb production, A case of polycythonia was reported a f te r 

Dithane exposure in C la r i a s batrachus (Pandey &t ai . , , 1984}. 

Information's on the effect of p o l l u t a n t s on t o t a l and 

d i f f e r o a t i a l leucocyte counts in f i shes are inadequate (Palmer 

1951; Weinreb, 1958; McLeay, 1973; Newman and Maclean, 1974; 

Qayyum,£t a l , , 1976; Pandey £ t a l , , l976;Nayak and Madhyastha, 

1977; aiam, 1978; Choudhary, 1979;Rai and Qayyum, l981;Snaski, 

1982; Shanna and Gx^ta, 1982; Gerg, 1982; Storozhuk and Guleva, 

1983; Hai and Qayyum,1984), 

The increased value of t o t a l leucocytes in the present 

inves t iga t ion on Clar ias batrachus corroborates the f indings 

of Pandey et a l . (1976) in Channa punctatus . Choudharv (l979) 

in Heteropneustes fo s s i l i s. Gerg (l982) on Channa punctatus . 
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Snaski ( 1982 ) on Salmo galrdnerl and Natarajan ( .1984 ) on 

Channa s t r i a t u s . 

CI a r i a s batrachus in present inves t iga t ion showed 

decrease in the number of neu t rophi l s and eosinophils viiile 

lymphocyte number increased causing lymphocytosis. 

Similar observations were made by Pandey £ t a l . (l976) 

on Channa puncta tus exposed to malathion. They have also 

not iced a c l e a r t rend of increase in percentage of lympho­

cytes and a decrease in pe rce i t age of basophil , neutrophi l 

and eosinophils . Carbon t e t r a c h l o r i d e induced haematological 

a l t e r a t i o n s was studied in C la r i a s batrachus (Shama and 

Gupta,1982), They not iced increased number of lymphocytes 

and steady f a l l in neut rophi l s and eosinophils . The nijnber 

of basophils and m'onocytes ranained the same in both t r ea t ed 

and nonnal f i shes . Further they suggested tha t the increase 

in the number of lymphocytes might be due to increased phago­

cy t ic action of lymphocytes during in tox ica t ion of CCl^. 

2 -4 -diamine, 3 - amino azo ben zeie (DAAB) induced al­

t e r a t i o n s in the t o t a l leucocyte and d i f f e r e n t i a l counts of 

Channa puncta tus was inves t iga ted by Gerg ( l982) . The t o t a l 

leucocyte coxmts showed a gradual increase in t h e i r number 

during both l e t h a l and sublethal exposure of the dye. There 
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was gradual decrease in anall lymphocytes accompanied by an 

increase of l a r g e lymphocytes. Phagocytic neu t roph i l s increa­

sed in response to dye exposure and thrombocyte coxjnt, as 

well , showed gradual and s igni f icant decrease. The increase 

of neu t roph i l s which are phagocytic in na ture i s considered 

non-specif ic adaptive response to remove the t i s s u e debr i s . 

Similar increase of neu t roph i l s was also reported by McCleay 

(1973) in coho Salmon exposed to i n d u s t r i a l e f f l u e i t s . Com­

mercial de tergents produced the s imilar increase in neut ro­

p h i l l eve l ( Nayak and Madhyastha, 1977 ) . Newman and Mclean 

( 1974 ) observed thrombocytopenia and lymphocytopQiia and 

increase in neu t rophi l s in Tantogolabrus adsoersus a f te r 

cadmiijn exposure, Coho Salmon, Oncorhvnchus kisutch a f t e r 

mercury exposure showed higher number of neu t rophi l s , lower 

lymphocyte and monocyte counts. The vacuolized neut rophi l s 

s t a r t ed appearing in mercury exposed animals (Storozhuk and 

Guleva, 1983). 

Rai and Qayyum ( l98l ) studied the mercury in toxica ted 

t e l e o s t f ish Cat la cat l a (Ham.) and reported monocytopeiia, 

thrombocytopeiia and lymphocytosis. Similar increase in the 

number of neu t roph i l s was also observed by Pandey (1976b) in 

Channa punctatus and Choudhary ( 1979 ) in H . f o s s i l i s a f t e r 

malathion exposure. The increase in neu t roph i l s i s due to 

non-g)eci f ic response to a var ie ty of s t r e s s st imuli ( E l l i s 

^ a l . , 1978) . 
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Fishes are pr imari ly water brea thers where g i l l s and 

skin take p a r t in metabolic gas exchange. Many species of 

te leos tean f i shes inhabi t ing water of low 0- and high CO2 

conte i t , have however, accessory resp i ra to ry organs viiich 

e iable than to breathe atmospheric a i r . This cat f i sh . CI a r i a s 

bat rachushas special a i r -b rea th ing organs v^ich allow d i r ec t 

gas exchange with atmospheric a i r (Munshi, l96 l ) . 

The e a r l i e s t c l a s s i c research on the ef fec ts of 

aquatic po l lu t ion on resp i ra to ry physiology of f i shes were 

car r ied out by Belding (1927), Steinmann (l928) and Jones 

(1938, 1964), In recent years the use of a nijmber of physiolo­

gical techniques d i rec ted a t monitoring changes in resp i ra t ion 

of f ish may provide su f f i c io i t information to e l luc ida te the 

mechanisnof environmental action on the metabolian (Choudhary 

1979). 

I t i s a well known fac t t h a t i n d u s t r i a l wastes ,pol lu­

t a n t s , ammonia and heavy metals l i k e copper and zinc, e tc . 

have a d i r e c t effect on f i shes o r these effects in turn may 

be fur ther inf luoiced by the oxygen and the carbon dioxide 

content of water ( Alabaster ^ a l . , 1957 ) . Kawatski and Mc­

Donald ( 1974 ) using 3-tr i f luromethyl 4 ni t rophenol ( TFM ) 

studied the oxygen consumption of brain and l i v e r of four 

species of f i sh while sucker, rainbow t rou t , l a rge mouth bass 
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and blue g i l l sunfish and observed tha t a concoitrat ion of 

10,0 mg/1 caused a s igni f icant decrease in oxygoa consump­

t ion of these t i s s u e s , Waiwood and Johanson (l974) reported 

tha t methoxychlor ( an organochlorine ) a t low concentration 

had no effect on oxygei consumption of vdiite sucker but a 

high concei t ra t ion of i t increased oxygen consumption, Lunn 

et a i , (1976) found tha t in Salmo ea i rdner i DDT ( 350 ppb ) 

caused a s ign i f ican t increase in oxygea i;5)take capacity 

during the f i r s t tvro hours of e:^osures. A lower concentra­

t ion of DDT (52,5 ppb) showed no s ign i f ican t change in r e s ­

p i r a t i o n r a t e in t h i s animal. They fur ther rgjor ted tha t 

4, EOD-dieldrin (250 ppb) intern:5)ted the v e i t i l a t i o n vftiich 

resu l ted in the decl ine in mean resp i ra to ry r a t e . Lull ^ 

^ . ( 1976 ) were of the opinion tha t carbaryl a t 2000 ppb 

caused a s ign i f ican t decrease in Vop in Salmo gai rdner i . 

Ranke-Rybica ( 1975 ) reported a s igni f icant decrease in Vop 

in Lebis tes r e t i c u l a t u s a f t e r the trea-bnent of three organo-

phosphates namely malathion, phoschlor and dichlorofos. 

Pandey ^ a l . ( i976b ) also found a s ign i f ican t decrease in 

V02 in Channa punctatus a f t e r malathion t rea tmei t ; Reddy et 

a l . ( 1977 ) vAiile woricing on the t ox i c i t y of the commercial 

organophosphbrus compound Disyston to anabantid f ish Colisa 

l a l i t a observed tha t both sub- le thal and l e t h a l concentra­

t i o n s of p e s t i c i d e s caused an elevation of oxygei consump-
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t ion during the f i r s t hour of 625)0sure followed by a depres­

sion a f te r tvro hours, Singh and Singh (l977) reported consi­

derable decrease jn oxygen \;5)take capacity of Mvstus v i t t a t u s 

in a l l the concentrat ions of copper and zinc and concluded 

on the bas i s of regression l i n e s tha t copper is more toxic 

than zinc. E^qjosure to chlor inated sea water had been shown 

to i n t e r f e r e with normal resp i ra to ry and oano-regulatory 

function ( Block et a l . ,1978 ) . Dq^ressed o x y g ^ consumption 

r a t e s were documented in k i l l i f i s h , Fundulus h e t e r o c l i t u s 

a f t e r the exposure to chlor inated sea water (Capuzzo et a l . . 

1977). However, some f i shes showed a tendency of avoiding 

chlor inated sea water (Schumacher and Ney, 1980; Gia t t ina et 

a l . , l 9 8 l ; Hose et a l . , 1983). 

Jauch (l98o) made inves t iga t ions on the toxic effects 

of the organophosphates. Lebaycid R on resp i ra t ion and circu^ 

l a t i o n o f Cichlid f i shes .Hero t i l ao ia mult isoinosa and Ti laoia 

l eucos t i ca . He fur ther observed tha t 25 ppm concei t ra t ion 

leads to a strong increase of ven t i l a t i on r a t e . Venti lat ion 

r a t e decreases abrx^tly only a t the end of survival time 

and ^ n o e a occurred. Death occurs a f t e r a long period of 

in tox ica t ion probably also by a per iphera l p a r a l y s i s of 

r e sp i r a t ion . Sublethal exposure of metasytox (LC^, 1-7' 

mg/l) decreased the t i s s u e resp i ra t ion in Channa s t r i a t u s 

(Natarajan, 1984). 
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In the pre sa l t inves t iga t ion on CI a r i a s batrachus 

a f t e r 96 hours exposure of var ious concentrat ions of BHC 

the re i s gradual decrease in the r a t e of oxygei ij^jtake 

(surfacing allowed) 1:5)to 4 mg/l concentration and tha i there 

i s a maximum increase a t 8,0 mg/l concentration. But i t 

again decreased in the highest concei t ra t ion ( 16.0 mg/l ) 

in comparison to 8.0 mg/l exposure ( Table 9;Plate-XII ) . 

Vlhile under surfacing prevented condition a reverse trend 

was observed. There was a non-s igni f icant increase in oxygei 

consumption following 2 mg/l and 4,0 mg/l ej^josure, but a t 

higher concentrat ions l i k e 8,0 mg/l and l6,o mg/l the re was 

reduction in the r a t e of oxygen consumption compared to tha t 

of 2,0 mg/l and 4.0 mg/l cone a i t r a t i ons . The s igni f icant in ­

crease in the r a t e of oxygei consumption ( surfacing prevented) 

was observed only a t 8.0 mg/l . Thus i t i s c l ea r tha t 8.0 

mg/l concentration i s most ef fec t ive under both the condi­

t i o n s , v i z . , surfacing allowed and prevented. The mean 

values of r a t e of oxygoi consumption of control CJ.arias 

batrachus observed in the p resen t inves t iga t ion are close to 

t ha t reported by Munshi e t a l , (1975). 

Choudhary ( 1979 ) in H . f o s s i l i s reported decrease in 

Vop in both the short and long term exposures of malathion, 

Ranke-Rybicka ( 1975 ) in Lebis tes r e t i c u l a t u s also reported 
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decrease in r a t e of oxygen consumption a f te r malathion ex­

posure. Pandey et al., ( 1976b ) observed a s ignif icant dec­

rease in the oxygei consumption of Channa punctatus a f te r 

malathion exposure. O'Brien ( 1967 ) was of the opinion tha t 

DDT (organochlorine) causes a shaip and subs tan t ia l increase 

in oxygen consumption in i n s e c t s . Pandey et a^. ( 1979 ) re ­

ported tha t DDT causes a s igni f icant decrease in oxygen 

consumption in Channa punctatus which stands in contrast 

to ©adrin \diich e levates the oxygen consumption by nearly 

Ao%, though both these p e s t i c i d e s belong to the same group. 

From the above discuss ions i t i s apparent t h a t dif-

f e r a i t b iocides may have elevat ing or depressing effect on 

oxygQi ijptake capacity depending on the na ture of po l lu t an t 

and f ish species , but the changes in the r a t e of oxygei 

consunption may not be detected a t very low concoi t ra t ions 

of p o l l u t a n t s . I t i s also i n t e r e s t i n g to note tha t a l l the 

three organic groxjjjs of p e s t i c i d e s , i . e . , organo chlor ine, 

organophosphate and carbamate, do not produce grot:?) specific 

changes in f i shes . This i s poss ibly be a t t r i bu t ed to wide 

var ie ty of adaptat ions exhibited by f i shes dwelling in dif­

ferent ecological n iches . Thus i t i s impossible to formulate 

any specif ic ru l e concerning the e f fec t s of i n s e c t i c i d e s on 

the physiology of var ious f i sh species. 

file:///diich
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The inc rease in the r a t e of oxygen consumption a f te r 

the exposure of BHC may be ejsplained by assuming tha t ex­

cessive musciilar a c t i v i t y takes p lace caused over stimulated 

nervous a c t i v i t y . For t h i s oihanced nervous and muscular 

a c t i v i t i e s , energy i s required in the form of ATP vdiich in 

turn i s a product of oxidat ive phosphorylation. 



Summary 

Inves t iga t ions were undertaken to record the effect 

of BHC an organochlorine insec t i c ide ,on corpuscular haenato-

logy and r a t e of oxygen consumption of an a i r -brea th ing fish 

Cla r ias batrachus (Linn.) , 

The l i t e r a t u r e dealing the nomenclature of blood 

c e l l s has been discussed in d e t a i l s . 

The number of c i r cu l a t i ng erythrocytes decreased with 

increas ing concentrat ions of BHC a f t e r acute e:35)osure for 96 

hours. Maximum decrease was observed a t the h ighes t concen­

t r a t i o n , i . e . , 16.0 mg/1. RBC diameter showed inverse r e l a ­

t ionship with the increas ing concentrat ions of BHC, The 

percentage of spherocytosis was propor t ional to the concei-

t r a t i o n of BHC exposure. The nxjmber of sumdge c e l l s also 
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increased in BHC exposed animals. Vacviolization of red blood 

c e l l s and sometime disappearance of red blood c e l l menbrane 

was also observed. The blood haemoglobin and haonatocr l t 

showed a decreasing t rend with the increasing concentra­

t i o n s of.BHC, but s t a t i s t i c a l l y s igni f icant decrease was 

obtained in haematocrLt values only. The MCH and MCHC d i s ­

played an inverse re la t ion to the number of c i r cu l a t ing 

erythrocytes, MCH showed an increas ing trend and was s igni ­

f i can t ly affected only a t the highest concentration, i , § , , 

16,0 mg/1, \»4iile MCHC had s ign i f i can t ly increased with 

increas ing cone eat r a t i o n s of BHC for 96 hours, A c l e a r t rend 

of increase was observed in leucocyte numbers from 4,0 mg/1 

concQitration onwards.' The t o t a l perca i tage of lymphocytes 

showed marked increase in a l l experimoital animals. S ign i f i ­

cant decrease in the number of neu t rophi l s and with few ex-

c a t i o n , eosinophi ls were observed with increas ing ~~"B ^H-Q 

concentrat ions, A l i n e a r re la t ionsh ip has been es tabl ished \' 

betweai concentrat ions of BHC and erythrocyte counts,MCH and 

t o t a l leucocytes . 

The r a t e of oxygen consumption in Clar ias batrachus 

a t d i f fe ren t concentrat ions of BHC exposure under both the 

experimeatal condit ions, v i z , , surfacing prevented and 

allowed, were inves t iga ted , BHC exposure caused an increase 
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in the r a t e of oxygen consumption but the values were not 

cons is tent . Maximum increase in the r a t e of oxygen consump­

t ion under surfacing prevented condition was observed at 

8,0 mg/l ejqposure of BHC for 96 hours. Under surfacing 

allowed condition the r a t e of oxygen consxjmption showed a 

decreasing t rend at 2,0 add 4.0 mg/l BHC concentrat ions, but 

a t 8,0 and 16.0 mg/i conceit r a t i o n s there were s igni f icant 

increase in the r a t e of oxygen consi:mption. 



CHAPTER-III 

ACUTE TOXIC EFFECTS OF BHC ON 
BLOOD BIOCHEMISTRY AND PLASMA 

ELEC TROLYTES 



Introduction 

Blood chonistry has been recognized as an important 

i nd ica to r to access the physiopathological s t a t e in human 

and veter inary medicine,but the subject has renained neglec­

ted for long p a r t i c u l a r l y in poiki lo thennic ve r t eb ra tes 

especial ly in f i shes . Fishes are water dwellers and are 

SQisit ive to any physical o r chemical a l t e r a t i o n s of t h e i r 

environment. Increasing use of p e s t i c i d e s and o ther chenicals 

in ag r i cu l tu re have created a ser ious problem of water po l ­

lu t ion . Despite many pub l i ca t i ons , f i sh haematology and blood 

chenistry in hea l th and disease i s in developing s t a t e . There 

are wide v a r i a t i o n s even in the nonnal values of these para­

meters (Klontz and Sbith, 1968; Wedemeyer and Chatterton, 

1971). Blood chenistry values of f i shes have been found to 

be influenced by various f ac to r s such as age, sex, physiolo­

gical s t a t e s , n u t r i t i o n and ^vironmeat (review by Mulachy, 

1975). 



Carbohydrates, proteins and l ip ids consti tute the 

major source of energy for animals, the alteration in these 

chenical constituents depends on the energy reqiJiremeit vdth 

the body metabolic ac t iv i t i e s comprising breathing, swimming, 

fighting and courting (Kinne, 1963). The production rates and 

the u t i l iza t ion rates of these substances determine the 

smovnt of the i r avai labi l i ty at any moment and the i r concei-

trat ion pattern in blood provide an index of these chenical 

substances in the body (Best and Taylor, 1969). 

Regulation of water-electrolyte balance in fishes re­

mained neglected for long. Oanoregulatory function in fishes 

have been found to be influeiced by several external factors, 

Ehvironmental tgnperature infludices the body fluid system 

of te leost (review by Houston, 1973). A significant proportion 

of water e lectrolyte exchange takes place at several points 

which seons to be directly or indirect ly dependeit xipon the 

metabolic ac t iv i t i e s of the animal (Epstein ^ a l . . 1967: 

Conte, 1969). Therefore, i t i s s^jparent that any change in 

physico-chemical composition of aquatic ©ivironment which 

affect the physiology of fish may also a l t e r the water 

electrolyte-transport . 

In recent years the fish toxicologists investigated 

the effects of aquatic pollution on blood biochemistry and/ 
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or e l e c t r o l y t e metabolisn of several f ish species ( I sh ihara 

e t a l . ,1967; McKim et a l . ,1970; Christensen et a^., 1972; 

Holbnberg £ t ^ . , 1972; Annes, 1974; Larsson et ^ , , 1976; 

Shakoori £ t a l . , 1976; ChoudJiary, 1979; G\:5)ta, 1980; Dalela, 

1981; Sastry,Sicidiqui and Singh, 1982; Nemesok e t a l . , 1982; 

Wagner and McKeovm, 1982; Sastry, Rao and Singh, 1982; Nata-

rajan, 1982; Gi l l and Pant , 1983; Eddy and Maloiy, 1983; 

Larsson, 1984). 

A review of the above mentioned l i t e r a t u r e ind ica t e s 

t h a t very l i t t l e i s knovm about the e f fec ts of var ious po l lu ­

t a n t s on the blood biochemical parameters and e l e c t r o l y t e 

balance in f i shes . 

L i t e r a t u r e r e l a t i n g to the e f fec ts of organo-chlorine 

i n s e c t i c i d e s on the blood biochenistry and e l ec t ro ly t e meta­

bolism of f i s h e s / a r e few (Es ler and Edmunds, 1966; Grant 

and Mehrle, 1970; Janicki and Kni ter , 1971; Gi^ta, 1980; Rama-

lingam and Ramalingam, 1982; Gi^jta and Dhillon, 1983). 

The presoa t inves t iga t ion i s an attempt to record the 

change jn var ious chenical cons t i tuen t s together with plasna 

e l e c t r o l y t e l e v e l s a f t e r Beizene hexachloride (BHC) ejcposure 

in an a i r -b rea th ing f i sh , 01 a r i a s batrachus. 



Materials and Methods 

The method f o r p rocu renen t of animals and t h e i r main-

t e i a n c e have a l r eady been d e s c r i b e d i n p r e v i o u s c h ^ t e r s , 

EXPEiUMMTAL CONDITION I 

Blood c h g n i s t r v v a l u e s a f t e r BHC exposure 

Af te r acc l ima t ion of t h e f i s h i n t h e l a b o r a t o r y condi ­

t i o n f o r a week , the animals of t h e same sex (males) and body 

weigjbts ( 6o-65g ) a t t h e average water t e n p e r a t u r e 33-34*'C 

( i n t h e months of May-June) were ej^josed to t e s t c o n c e i t r a -

t i o n s of 2 . 0 , 4 . 0 , S.'̂ O, l 6 , 0 mg/l of BHC (Benzene hexach lo -

r i d e ) fo r 96 h o u r s dur ing vAiich t h e p o l l u t a n t wate r of each 

c o n c e n t r a t i o n s were renewed a f r e sh every 24 h o u r s , A c o n t r o l 

of s i m i l a r s i z e and weight was main ta ined s ^ a r a t e l y along 

with t h e e x p e r i m e i t a l an imals . All f i s h e s were fed d a i l y 

with chopped goat l i v e r . 
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Separation of plaaaa: For a l l biochenical s tudies , except 

the blood glucose, plasma were used in the p r e s o i t i n v e s t i ­

gation. After taking out the blood in heparinized syringe 

the needle was renoved from the syringe and the blood was 

t ransfer red to clean and dry centr ifuge tubes, with l e a s t 

pressure on the plunger to avoid haemolysis. Haemolysis was 

also' prevented by using s t e r l i z e d , dry syringe and needle. 

Plasma was separated immediately by co i t r i fug ing the blood 

a t low to moderate speeds and the c l ea r si^jematant (plaana) 

was take i out with the help of a well s t e r i l i z e d lumber punc­

tu r e needle no, 19 and was t rans fe r red to clean and dry stop­

pered g lass tubes. 

I t i s , e a s i e r to obtain blood serum almost free from 

haemolysis than plasma. Since, in the present inves t iga t ion 

plasma has beea used, therefore determinations of biochenical 

cons t i tuen t s were made immediately. Moreover, on keeping the 

blood overnight for obtaining the serum a numberof biocheni­

cal changes may take p lace in blood (Varley, 1978) such as: 

1, Passage of substances may take p lace through the red 

c e l l envelope, especia l ly potassixjm, viiich i s p r e s o i t in 

much grea te r concentration in the c e l l than in plaana. 

Diffusion of potassium occurs more r ^ i d l y in blood a t 4^0 

than a t room temperatijre. 
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2. Plaana inorganic phosphate may increase due to forma­

t ion of ester-phosphates p r e s e i t in the c e l l s , 

3. -Any l o s s of carbon-dioxide from plasma to atmosphere 

d i s tu rbs the balance and to maintain the r a t i o of bicarbonate 

to carbon dioxide cons tant , the passage of COp from the c e l l s 

in to the plasma and bicarbonates from plasma to c e l l s occur, 

EvQi so, the bicarbonate content of the c e l l s i s reduced so 

tha t chlor ide passes from c e l l s to plasna to keep the ra t io 

of bicarbonate to chlor ide the same in both c e l l s and plasna. 

Estimation of olagna nnatein 

After the separation of plasma from the blood, on the 

same day t o t a l plasma pro te in was deteiroined color imet i^cal ly 

by Biuret method as suggested by Goniail et a l . 1949 (King 

and ¥00ton, 1959). 

Estimation of Blood glucose 

Immediately a f t e r taking out blood, i t was deprotein-

ized with f reshly prepared 496 t r i c h l o r o a c e t i c acid, c e n t r i -

fuged and the si5)ematant was separated. Blood glucose was 

deteraiined co lor imet r ica l ly by An throne method (Se i f t e r et 

a l . ,1950). 

Estimation of t o t a l , f ree and e s t e r i f i e d choles te ro l 

Total , e s t e r i f i e d and free choles tero l in plasma was 

deteiroined according to Webster (1962). 



Observations 

ExDelemental Condi t ion I 

Blood Biochgnica l Paramete rs 

P laana t o t a l p r o t e i n ' 

The p l a a n a p r o t e i n a l though i n c r e a s e d a f t e r 96 hou r s 

of exposure of BHC but t h e s i g n i f i c a n t i n c r e a s e i n p l a a n a 

t o t a l p r o t e i n was observed only a t 8.0 mg/1 BHC concen t ra ­

t i o n (Table -10 ; P l a t e - X I I I ) . 

Blood g lucose 

The blood g lucose l e v e l i n c r e a s e d s i g n i f i c a n t l y a t 

a l l t h e t e s t c o n c e n t r a t i o n s of BHC a f t e r 96 h o u r s of exposure 

from t h e c o n t r o l v a l u e o f 57.288+0.916 mg/lOO ml blood. Maxi­

mum e l e v a t i o n of blood g lucose (117.335+0.076 mg/100 ml blood; 
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P < 0 . 0 0 l ) was observed at 16.0 mg/1 BHC concentration (Table 

10; P l a t e - X I I I ) . 

Plagna t o t a l choles terol 

The t o t a l choles terol s ign i f i can t ly decreased a f te r 

96 hours of BHC exposure from the control value (239.002+ 

I4 ,4 l5 mg/100 ml plasma; Table-10; Plate-XIV). Maximum dec­

rease of t o t a l choles terol (57.869+1.205 mg/lOO ml plaana; 

P<0.001) was observed at the highest concentration of BHC 

exposure, i . e . , 16.0 mg/1 (Table-10; Plate-XIV). 

Free cholestero^L 

Free choles terol also decreased s ign i f ican t ly in 

various BHC concentrat ions. Maximum decrease (20. 1^0+2.052 

mg/100 ml plasma; P<0.001) was observed at 8,0 mg/1 con­

centra t ion (Table-10; Plate-XIV). 

Es te r i f i ed choles te ro l 

The value of e s t e r i f i ed choles terol also declined but 

the s ign i f ican t decrease was only not iced at the highest con­

centra t ion of BHC exposure, i . e . , at 16,0 mg/1 (12, l49+3. 184 

mg/100 plaanQa;P<O.Ol)from the control value (76.664+22.281). 
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EXPLiâ ATION OF PLATE - XIII 

E f f ec t of v a r i o u s c o n c e n t r a t i o n s of BHC e:j5)0sure f o r 

96 h o u r s on plasma p r o t e i n and blood g lucose l e v e l s i n 

C, b a t r a c h u s . 
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EXPLMATION OF PLATE - XIV 

Ef fec t of v a r i o u s c o n c e n t r a t i o n s of BHC ejgjosure f o r 

96 hou r s on t o t a l , f r e e and e s t e r i f i e d c h o l e s t e r o l 

l e v e l s of plasma of C .ba t rachus . 
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Regression and cor re la t ion ana lys is 

A l i n e a r re la t ionsh ip has been es tabl ished between 

the concentration of BHC and t o t a l plaana p ro te in , blood 

glucose and t o t a l plasma choles terol values . The r e s u l t s 

are givei in Table-11. 

I t has been found tha t vdth imit increase ' in the 

concentration of BHC the t o t a l plasma pro te in and blood 

glucose increased by a fac tor of 0 . 0 3 9 and +3.758 (b value) 

respect ive ly . Correlat ion coef f ic ien t ( r ) have been calcula­

ted to be 0.9^5 and 0.984 respect ive ly , T«^ereas plasma t o t a l 

choles terol decreases by a fac tor of -11.426 vdth uni t i n ­

crease in the concentrat ion. Correlat ion coeff ic ient (r) has 

been computed to be 0.889. 

Experimental Condition I I 

Plaana e l e c t r o l y t e s 

Sodium; Plasma sodium leve l increased at lower concentra­

t ions , i . e . , 2.0 and 4.0 mg/l of BHC e3q)0sure for 96 hours, 

but declined s ign i f ican t ly a t 8.0 and l6.0 mg/l BHC concei-

t r a t i o n ( 111.309+2.899 mEq./l and 112.172+1.503 mEq./l 

respec t ive ly) from the control (Table-12; Plate-XV). 



TABLE 11 

C o r r e l a t i o n c o e f f i c i e i t and equa t ions to show t h e r e l a t i o n ­
ship between c o n c e n t r a t i o n s of BHC exposure and plasma pro­
t e i n , blood g lucose and t o t a l c h o l e s t e r o l i n CI a r i a s ba t r a -

chus (Linn. ) 

Pa rame te r s Analyzed Equation Y=a+b. X 
C o r r e l a t i o n 
c o e f f i c i e n t 

( r ) 

Concent ra t ion of BHC (X) 
Vs Y = 3.243+0.039. X 0 .9^5 

P laana P r o t e i n P < 0 . 0 2 

Cone t i t r a t i o n of BHC (X) 
Vs , Y = 53.727+3.758.X 0.984 

Blood g lucose • P < 0 . 0 1 

Concent ra t ion of BHC (X> 
Vs Y = 215.338-11.426.x 0.889 

P laana t o t a l c h o l e s t e r o l p . _^ 
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Potasslian 

The plasma potassium leve l declined s igni f ican t ly in 

lower concentrat ions, I . e . , 2.0 ana 4,0 rag/1 BHC exposiore 

for 96 hours whereas in higher concentrat ions (8,0 and 16.0 

mg/l BHC exposure) the re was s ign i f ican t increase in plaana 

potassium l eve l (Table-12; Plate-XV), 

Calcium 

Plaana calcium leve l decreased s ign i f i can t ly in 

var ious concentrat ions of BHC ejcposure for 96 hours (Table-

12; Plate-XVI). 

Inorganic phosphate 

Plasna l eve l of inorganic phosphate increased consis-

t o i t l y in var ious concentrat ions of BHC but the s igni f icant 

decrease was not iced in l6,0 mg/l BHC exposure. 
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EXPLANATION OF PLATE - XV 

Graph showing t h e e f f e c t of v a r i o u s c o n c e n t r a t i o n s 

of BHC on p l a s n a sodium, c h l o r i d e , potassium and in­

o rgan i c phospha te l e v e l s i n C .ba t r achus . 
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EXPLANATION OF PLATE - XVI 

Graph showing t h e e f f ec t of v a r i o u s c o n c e n t r a t i o n s of 
BHC on p l a a n a calcium l e v e l s i n C. b a t r a c h u s . 
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Discussion 

The p r e s Q i t i n v e s t i g a t i o n on t h e e f f e c t of organo-

c h l o r i n e i n s e c t i c i d e , BHC on an a i r - b r e a t h i n g f i s h , CI a r i a s 

ba t r achus showed i n c r e a s i n g t r e n d of p l a a n a p r o t e i n with 

i n c r e a s i n g cone t i t r a t i o n s of BHC. S imi l a r i n c r e a s e i n p l a a n a 

p r o t e i n h a s been n o t i c e d i n some f i s h e s a f t e r p o l l u t a n t 

t r e a t m e n t ( i s h i h a r a , 1967; McKim, 1970; Shakoori e t a l . , 1976; 

Choudhary, 1979). 

Shakoori ^ a l , ( l976) r e p o r t e d an i n c r e a s e i n p lasna 

p r o t e i n and a dec rease i n f r e e aminoacid l e v e l s of Channa 

p u n c t a t u s exposed to mala th ion and observed no change i n 

e l e c t r o p h o r e t i c p a t t e r n s of p l a a n a p r o t e i n . He te ropneus te s 

f o s s l l i s e:>^osed to mala th ion showed an i n c r e a s e i n p l a a n a 

p r o t e i n l e v e l (Choudhary, 1979). S i m i l a r l y I s h i h a r a e t a l . . 

(1967) observed i n c r e a s e i n g l o b u l i n s of carp serx^ , %>parQit 
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increased pro te in leve l a f t e r 6 days and decreased leve l 

a f t e r 21 days was reported in brook t rou t , Salvel inus fon t i -

n a l i s exposed to copper (McKim ^ a^., 1970). 

Toxicant induced decreased plaana pro te in l eve l has 

beei observed by many i n v e s t i g a t o r s using various kinds of 

chemicals on d i f ferent f i ^ species (Ester , 1970; DaleLa et 

a l . ,1981; Dubale and Awasthi, 1982; Ramalingam and Rama-

lingam,1982). 

Dalela ^ a l . ( 1981 ) studied the effect of three 

p e s t i c i d e s , th io tox , dichlorovos and carbofuran on Mystus 

v i t t a t u s and observed decreased plasna pro te in leve l and 

fur ther suggested tha t decreased plasna pro te in was due to 

excretion of p ro t e in s by kidney re su l t ing from kidney d i s ­

order ( albuminuria ) or impaired pro te in synthesis due to 

l i v e r d isorder . Ester ( 1970 ) reported decreased serum 

pro te in contents of Sphaeroides maciXLatus exposed to methyl 

parathion. Blood pro te in l eve l of brown bull-head, I c t a lu rus 

nebulosus was s ign i f ican t ly decreased a f te r 30 days and 

remained unchanged a f te r 6o days of exposure to copper. 

Dubale and Awasthi (1982) reported decreased pro te in content 

in ca t f i sh , Heteropneustes f o s s i l i s exposed to a sublethal 

concei t ra t ion of dimethoate for 48 days, Sastry, Rao and 

Singh ( 1982 ) noticed tha t i n t e s t i n a l absorption of glycine 
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and tryptophan decreased sig^iificantly a f t e r mercury ex­

posure in murrel.Channa punctatus a f t e r 15 days and 30 days. 

Liver and muscle t o t a l p r o t e i n s decreased in S.mossambicus 

subjected to sublethal concentration of DDT, malathion, and 

mercury ( Ramalingam and Ramalingam, 1982 ) . Banerjee et a l . . 

(1977) reported marked a l t e r a t i o n s in the l e v e l s of serum 

ind ices a f t e r malathion poisoning in CI a r i a s batrachus and 

Ti lapia mossambica. 

The p2:^?bable cause of increased pro te in leve l might 

be due to alpha, 2 globulin increased value. In hianan beings 

during c i r r t ios i s , n ^ h r o t i c syndrome or malnutr i t ion s t a t e 

there i s increase in ^-Z globulin p r o t e i n - l e v e l . But the 

rea l cause of increased pro te in leve l i s s t i l l not c lear . 

Hyperglycaenia has been proved to be the main bio 

chemical change induced by several p o l l u t a n t s (Havu, 1969; 

Holmberg £ t a l . , 1972; Ghafghazi and Main ear, 1973; Larsson, 

1975,1976; Choudhary, 1979; Verma j t a l . , 1979; Bansal et a l . , 

1979; Singh, 1979; Gi:5)ta, 1980; Dalela ^ a l . , 1981; Nenesok et 

^ . , 1 9 8 2 ; Wagner and McKneown, 1982; Sastry and Siddi qui, 1982; 

Gi l l and Pant, 1983). 

Choudhary (l979) observed an JLncrease In blood glucose 

l eve l a f t e r 24 hours and decrease in 8 week's exposure of 

malathion in an a i r -b rea th ing f i sh , Heteronneustes f o s s i l i s . 
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Malathion induced a l t e r a t i o n of glucose was observed in 

CI a r i a s batrachus -and Tj lapia mossambica ( Banerjee, 1977 ) . 

Gi;5)ta Cl980) studied the impact of sublethal cone ©it r a t ions 

of Rogor (organophosphate) in Indian ca t f i sh , Heteropneustes 

fo s s i l i s a t 3rd, 6th, 12th, 48th and 96th hours a f t e r ej^posure. 

Hyperglycaenia was observed a t a l l the specif ied time i n t e r ­

v a l s except 5th hour®, s ign i f ican t increase in l a c t i c acid 

were not iced except at 48th hour, marked increase in pyruvic 

acid however was observed at 3rd hour. He fur ther suggested 

tha t glycogoiolysis in the l i v e r mobil izes glucose viiich re -

s u i t s in inc rease in concentrat ions of intermediary meta­

b o l i t e s . In Channa punctatus exposure of methyl parathion 

caused hyperglycaenia. 

Holmberg et a l . ( 1972 ) reported martced increase in 

blood glucose in Anguilla angui l la a f t e r pentachlo2X)phenol 

treatment, Ammonia induced h3rperglycaenia was reported in 

carp, Cyprinus carpio^ s i l v e r carp, Hypophthalmichthvs 

mo l i t r i x and sheet f i sh , Siluinas g lan is . Ammonia as a toxic 

agent caused s t r e s s in f i shes by eihancing t h e i r metabolic 

processes as i t was re f lec ted by the enhanced blood sugar 

and catecholamines leve l of the blood sera (Nenesok ^ a l . . 

1982). Dalela ^ a l . ( l98l ) studied the biochemical e f fec ts 

of three p e s t i c i d e s thiotox, dichlorovos and carbofuran on 

cer ta in blood chemistry values of a fish.Mystus v i t t a t u s and 
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observed increased blood glucose leve l a f t e r 30 days of ex­

posure. Hyperglycaemia was caused due to enhanced breakdown 

of l i v e r glycogen and perhaps mediated by adrenocort icotro­

phic hormone (ACTH) and glucagon hormone and reduced insu l in 

a c t i v i t y . 

In present inves t iga t ion , C la r ias batrachus showed 

hyperglycaonic response. There was also high corre la t ion 

between increas ing concentrat ions of BHC with increasing 

l eve l of blood glucose, Organochlorine i n s e c t i c i d e s act as 

ad rena l -p i tu i t a ry .'giacocbrtrcdid mediated:' -s t ressors which 

affect blood glucose l e v e l s by the pathway of s t r e s s response 

(Hart and Straw, 1971; and Hart si a l . , l 9 7 l ) . Effect of chlor-

dane on Saccobranchus ( Heteropneustes ) fo s s i l i s and Labeo 

roh i t a as observed by Verroa jgt a l , (1979) and Bansal ^ a l . , 

( 1979 ) showed severe n e p h r i t i s and panc rea t i c /o r hepat ic 

d isorders might cause increased glucose l e v e l , 

Larsson jgt sd, (1976) observed increased blood glucose 

in f lounder.Pleuronectes f l esus and concluded tha t increased 

glucose l eve l was due to enhanced breakdown of l i v e r glyco-

gei . They fur ther suggested tha t the effect of cadmium on 

carbohydrate metaboliaaa was mediated by adrenocort ical hor­

mones or reduced insu l in secretory a c t i v i t y . Such an expla­

nat ion was fur ther s\:^ported by the f indings of Havu (19^9) 
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t h a t cadinii:im appeared to accxjniiLate in the |Dancreatic i s l e t s 

of f ish and caused damage of insu l in producing beta c e l l s . 

Similar cadmivm accumulation was observed in mammalian pan­

creas (Berlin andUllberg,1963) and reduced c i r cu l a t i ng serun 

insu l in (Ghafghazi and Msmear, 1973). An increase of glucose 

and decrease of l a c t a t e in blood ivith increase of glycogoi 

in l i v e r and decrease in muscle was observed by Lars son (1975) 

and Larsson et a l , ( 1976 ) in flounders a f t e r exposing to 

various concentrat ions of cadmium. PiJictius conchonius ex­

posed to acute (24 h) and chronic (90 days) cadmium poisoning 

showed a condition of hyperglycaemia (Gi l l and Pant, 1983). 

Zinc s t ressed hyperglycaemia accompanied by plasma 

insu l in and g lycog^ depression was reported in rainbow t rou t , 

Salmo gairdneri (Wagner andMcKeown, 1982). These changes were 

due to poss ib le in f luo ices of epinephrine which was elevated 

in s t ressed f i sh and/or a d i r ec t effect of zinc metals on 

pancrea t ic beta c e l l s . Natarajan ( 1982 ) reported decreased 

glycogen l e v e l s in l i v e r , muscle, brain, kidney and g i l l 

t i s s u e in zinc sulphate exposed climbing perch, Anabas 

scandens. 

Mercury e3q)osed (3 /ug / l ) Channa punctatus showed dec­

reased i n t e s t i n a l absorption of glucose and fnjctose (Sastry 

Rao and Singh, 1982). Sastry and Siddiqui (l982) studied the 
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effec ts of a sublethal concentration of the carbamate p e s t i ­

cide, sevin ( 1.05 mg/1 ) on Channa punctatus and reported 

hyperglycaenia. They fur ther suggested tha t anaerobic meta-

bolian was favoured and aerobic oxidation of pyruvate was 

impaired in f i sh exposed to sevin. Choudhary (1979) observed 

decreased glucose leve l (hypoglycaenia) in H . f p s s i l i s a f t e r 

long terro exposure (8 weeks) of malathion. Similarly Sastry, 

Siddiqui and Singh (1982) observed decreased blood sugar and 

l a c t i c acid and increased glycogen content of l i v e r and mus­

c l e s in the snake-head Channa punctatus . 

Holmberg et ^ , ( 1 9 7 2 ) in eel a f t e r pentachlorophoiol, 

Choudhary ( 1979 ) in H . f o s s i l i s a f t e r malathion ejqjosure, 

Esler and Edmunds ( 1966 ) in puffes a f t e r endrin e^qposure 

observed increased plasna choles terol l e v e l . 

In the p r e s e i t study the BHC exposure s ign i f ican t ly 

reduced the plaana t o t a l choles terol l eve l in CI a r i a s bat ra-

chus. Similar decrease in blood choles terol was observed in 

Mystus v i t t a t u s a f t e r 30 daysof e:jq)0 sure of three pe s t i c ide s , 

th io tox, dichlorovos and carbofuran (Dalela jgt a l , , 1981). A 

decreased l eve l of choles terol in Mystus v i t t a t u s might be 

due to increased breakdown of choles tero l in to free fa t ty 

acids as observed by Verm a et a l , ( 1979 ) . Gi l l and Pant 

(1983) reported increased l iver ,k idney and ovary choles terol 
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in P\Jictius conchonius exposed to acute (24 hr ) and chronic 

( 90 days ) cadmii;aii poisoning, BHC exposed Cla r i a s batrachus 

showed decreased leve l of e s t e r i f i ed cho les te ro l . The dec­

rease in the l eve l of e s t e r i f i e d choles terol in plasna might 

be due to l i v e r damage and impairment of hepat ic functions, 

v^ich i s fu r ther confirmed by the hi stop atho log ica l examina­

t i ons of the l i v e r (Chapter 4th of the present t h e s i s ) . The 

report fur ther si^iports the f i nd ing ' s of Choudhary ( l979) . 

Very l i t t l e i s knovm as regards to toxicant induced 

changes in the plasna/serum e l e c t r o l y t e s of Indian fresh­

water f i shes . However, a r e v i e w of the l i t e r a t u r e 

suggests t ha t most of the works have been performed on the 

marine and es tuar ine f i shes and the s tudies are associated 

mainly with the problem of temperature acclimation. The 

l i t e r a t u r e dealing the e f fec ts of p o l l u t a n t s on the e l ec t ro ­

l y t e balance in f i shes i s few (Esler and Edmunds, 1966; Grant 

and Mdirle, 1970; McKim ^ a l . , 1970; Janicki and Kniter , 1971; 

Larsson ^ t a l . , 1976; Banerjee ^ ^ . , 1 9 7 7 ; Choudhary and 

Pandey, 1980; Gi^ta, 1980; Dalela, 1981; Larsson ^ a l . , 1984). 

Esler and Edmunds ( 1966 ) recorded increased serum 

sodium followed by a f a l l in l i v e r sodium in marine t e l eos t 

exposed to endrin, McKim et a l . (l970) observed no change in 

plaana chlor ide of Salvel inus f o n t i n a l i s a f t e r long term 

e35)osure of copper. j M ^ ^ ^ S V 

|fg(DA 4̂  
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Larsson ^ a l . (1976) obtained high plasma sodium and 

chlor ide values and reduced potassium, calcium and magnesium 

l e v e l s in flounder (Pleuronected flesus^ exposed to cadmiim. 

Choudhary and Pandey (198o) observed tha t the malathion ex­

posure depressed the blood plasma sodivsn and chlor ide but 

elevated the potassitim and calcium l e v e l s . Dalela ^ a l . 

( 1981 ) studied the biochemical ef fec ts of th ree p e s t i c i d e s 

th io tox , dichlorovos and carbofuran on Mvstus v i t t a t u s a f t e r 

30 days of exposure and observed increase in t o t a l blood 

phosphorus, sodium, potassium, magnesium, calcium, iron and 

chlor ide . Total phosphorus increased with increas ing concen­

t r a t i o n of the toxicant . Gupta ( 1980 ) reported increased 

potassium, magnesium, calcium, phosphorus and non-protein 

ni t rogen in C la r i a s batrachus and Cirrhina mrieala a f t e r 

in tox ica t ion by a ldr in and Swascofic CD-38. 

In the present inves t iga t ion , BHC exposure induced an 

increase in plaana sodiiim leve l at two lower concentrat ions 

(2.0 and 4.0 mg/ l ) , viiich declined in higher concei t ra t ions 

(8.0 and l6.0 mg/ l ) , while potassium l eve l declined in lower 

concentrat ions ( 2,0 and 4.0 mg/l ) and increased in higher 

conceit r a t i o n s ( 8.0 and l6,0 mg/l ) . The calcium leve l dec­

l ined s ign i f i can t ly vfcereas the inorganic phosphate increased 

a t a l l the concentrat ions except at the highest concei t ra-

t i on , i . e . , l6 .0 mg/l BHC exposure. Plaana chlor ide l eve l 
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only increased at the lowest concentration (2.0 mg/l) vtiere 

as in higher concentration the chloride l eve l decreased. I t 

i s apparent t ha t plasma sodium and potassium were inversely 

r e l a t ed to each other , i . e , , an increase in Na leve l was 

marked with a decrease in K leve l of plasna in BHC exposed 

animals. Plasna calciiim and phosphate was also found to be 

inversely r e l a t ed . 

Janicki and Kniter (1971) observed mariced inh ib i t ion 

of Na"*", K"*", Mg "*" ATPase in the g i l l s and i n t e s t i n a l mucosae 

of DDT exposed Pseudopleuronectes americanus. 

Eddy and Maloiy (1983) examined the effect of 24 hour 

acid water exposure ( pH 4 ) on ion regulatory response of a 

c a t f i d i , C la r i a s mossambicus. net l o s s of body Na accompa­

nied by sna l l e r l o s se s of Cl~ and K ions was observed. 

Larsson et _^. (1984) reported disturbed chlor ide balance in 

perches (Perca f l u v i a t i l i s ) exposed to simulated heavy metal 

containing eff luent from a sul f ide ore sne l t ing . Additional 

s t r e s s treatment ( agDhyxise ) fur ther s t reigthened the toxic 

ef fec ts of heavy metal containing eff luent . Marked a l t e r a t ion 

in the leve l of inorganic phosphate was observed in Cla r ias 

batrachus a f t e r malathion poisoning (Banerjee ^ a l . . 1977). 



112it 

I t i s d i f f i c u l t to formulate a generalized pa t t e rn of 

e l ec t ro ly t e behaviour of diagnost ic value for sub-lethal and 

l e t h a l toxic exposures. De Bruin ( 1978 ) has r igh t ly empha­

sized the need for considerat ion of major e l e c t r o l y t e s such 

as ca t ions (Na"*", K"*", Mg"̂ "̂ ) and cer ta in anions (Cl7 HCO""~>, 

in toxic condi t ions . The mammalian e l e c t r o l y t e d isorders and 

p a r t i c u l a r l y in human being have been inves t iga ted quite 

extensively. Taylor ( 1970 ) observed t h a t the metabolisn of 

sodium and potassium i s closely l inked with the maintenance 

of f lu id balance and with regulat ion of acid-base s t a tus . 

A decrease in plaana chlor ide has beoa reported in condi­

t i o n s viiere the re i s low plasma sodium, whai there i s r e ­

tent ion of organic acids together with excessive urinary 

l o s s of chlor ide in the ac idos i s of chronic renal f a i l u r e . 

The primary hyponatraenia occurs in s a l t - l o s ing nephr i s t i s 

and in Addison' s d isease . The secondary hyponatraemia r e s u l t s 

due to fliiid re tent ion as i s found in congestive cardiac or 

reaal f a i l u r e and other pathological s t a tus . The sodium and 

chloride d e f i c i t s are confined for the most p a r t to gastix)-

i n t e s t i n a l , rena l , or endocrinal d i sorders , but the abnor­

m a l i t i e s of potassium metabolism have broader range of 

causes and may a r i s e from extra r e i a l pathological s t a t e s , A 

primary increase in plasma potassium may occur a f t e r the 

infusion of several blood or of potassium s a l t s and may be a 
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l o s s of potassium from the c e l l s occurs in ac idos is of renal 

f a i l u r e , d iabe t i c coma and shock. High calcium values are 

found in hyperthyroidiisn, and sometimes in p a t i e n t s with 

carcinoma, myeloma and sarcoid ( Wootton, 1974 ) . Choudhary 

(1979) suggested t h a t the increased potassium a f t e r malathion 

635)0sure in H , f o s s i l i s was due to i n t r a vasc\;ilar haemolysis, 

De-Bruin( 1976) reported primary d i sn^ j t ive effect of p o l l u t ­

ant on the red ce l l membrane v*iich i s r e f l e c t e i by the 

a l t e red pa t t e rn of d i s t r i bu t i on and exchange of cat ions 

across the erythrocyte membrane r e su l t i ng in defect ive 

"act ive t r anspor t " puip mechanism. Glar ias batrachus poisoned 

by BHC showed an increased plasna K l eve l and reduction of 

Na in higher concentrat ions whereas in lower concentrat ions 

there was reduced plasma K and increased Na l e v e l . These 

observat ions are similar to the f indings on H . f o s s i l i s a f t e r 

malathion exposure ( Choudhary and Pandey, 1980 ) , Grant and 

Mehrle (l970) observed tha t a high dose of e idr in (430 mg/kg 

body weight) to gold f ish caused the l o s s of Na and Cl"" 

r e su l t ing in complete f a i l u r e of oanoregulatory processes . 

Dalela ( 198I ) suggested a s imi lar process of f a i l u r e of 

osmoregulation in Mystus v i t a t t u s due to severed renal 

damages, BHC exposed animals in the present inves t iga t ion 
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showed increased p h o ^ h a t e l eve l a t var ious concoi t ra t ions 

v/hich seans to be due to toxicant induced n e p h r i t i s . Similar 

ej^jlanation has been suggested by Dalela et ai.. ( 1981 ) and 

G\^ta (1980). Calcium i s a ge iera l regula tor of peimeabil i ty 

of ce l l membranes of water and ions , low calcium usually 

increases penneabi l i ty and high calciiam decreases i t (Prosser, 

1973). Regulation of calcium metabolism by a small g ) i the-

l i a l ce l l mass, the ultimo branchial organ has been found in 

several species of f i shes (review by Barr, 1965). 



Summary 

I n v e s t i g a t i o n s were under taken to r eco rd t h e e f f e c t 

of BHC on blood b iochemis t ry and e l e c t r o l y t e s of an a i r -

b r e a t h i n g f i s h , CI a r i a s b a t r a c h u s . 

"nie p l a s n a p r o t e i n i n c r e a s e d a f t e r 96 h o u r s of ex­

p o s u r e of BHC in a i l t h e c o n c e n t r a t i o n s . The blood g lucose 

i n c r e a s e d s i g n i f i c a n t l y a t a l l t h e c o n c e i t r a t ions . The t o t a l 

c h o l e s t e r o l dec reased s i g n i f i c a n t l y a f t e r BHC e:xposure. Free 

and e s t e r i f i e d c h o l e s t e r o l l e v e l a l so d e c l i n e d a f t e r BHC ex­

posu re . A l i n e a r r e l a t i o n s h i p was e s t a b l i s h e d betweoa t h e 

cone t i t r a t i o n s of BHC and t o t a l p r o t e i n , blood g lucose and 

p l a s m a - c h o l e s t e r o l v a l u e s . P l a s n a t o t a l p r o t e i n and blood 

g lucose i n c r e a s e d vdth i n c r e a s i n g cone t i t r a t i o n s of BHC 

vdiile t o t a l plasma c h o l e s t e r o l l e v e l d e c l i n e d with i n c r e a s ­

i n g BHC c o n c e n t r a t i o n s . 
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Plasna sodium leve l increased at lower concentrat ions 

( 2.0 and 4,0 mg/l ) but declined a t higher cone t i t r a t i o n s 

(8,0 and 16,0 mg/l ) , Plasna potassium leve l declined s igni ­

f i can t ly at the tvflD lower concentrat ions (2,0 and 4,0 mg/l) 

v*iereas in higher concentrat ions (8.0 and l6,o mg/l BHC ex­

posure) the re was increase in K l eve l , Plagna calciim leve l 

was fovind to be decreased in animals e3q)0sed to the various 

BHC concentrat ions, while inorganic phosphate l eve l showed 

consis tent ly increasing t r e i d , which however decreased at 

the highest concentrat ion. The plasma chlor ide l eve l f i r s t 

increased in the lowest concQitration (2.0 mg/l) but a t 4,0 

to l6,0 mg/l conceit r a t ions of BHC exposure there was marked 

decrease in the l eve l of plasma chlor ide . 



CHAPTER-IV 

AC W E TOXIC EFFECTS OF BHC 
I ^ M i f $ T O PATHOLOGY 



Introduction 

Rapid i n d u s t r i a l i z a t i o n , u r b a n i z a t i o n and r e c ^ t d r i v e 

to Qihance farm p r o d u c t i v i t y , a l l a re p o l l u t i n g i n l a n d wa te r s 

by v a r i o u s k i n d s of p e s t i c i d e s and o t h e r chemica ls which a r e 

g r e a t l y d e t r i m e n t a l to t h e a q u a t i c fauna i n c l u d i n g f i s h e s . 

Treatment of f i s h with contaminated water causes severe p a t h o -

g o i i c changes a t t i s s u e l e v e l and h i s t o l o g y g ive s usefu l d a t a 

concerning t i s s u e l e s i o n s . Evidences f o r t h e o rganoch lo r ine 

accumulation i n a q u a t i c ecosystem i s abundant and t h e r e f o r e 

organo c h l o r i n e i n s e c t i c i d e s a re more d e t r i m e n t a l i n comparison 

to dither c h e n i c a l s and produces long term e f f e c t s . The l i v e r , 

g i l l s , k idney, gonad and b ra in have u s u a l l y been t h e o rgans of 

cho ice f o r h i s t o l o g i c a l s t u d i e s of p e s t i c i d e induced changes 

i n f i s h e s . 
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The h i s t o - p a t h o l o g i c a l e f f e c t of v a r i o u s p e s t i c i d e s and 

r e l a t e d c h a n i c a l s on l i v e r (Duke and Wilson, 1971; E l l e r , 1971; 

Mukherjee and Bhat tacharya , 1975; review hy Couch, 1975; review 

by Walsh and R ibe l i n , 1975; Choudhary, 1979; Solangi and Over-

s t r e e t , 1982; Rashatwar and I l y a s , 1984; Gupta and Dale la , 1986), 

k idney (Trump and Ginn, 1968; Rucker and Amend, 1969; Haga e t 

a l . ,1970; review by Walsh and Rebel in, 1975; Choudhary, 1979; 

Kimar and Sr i v a s t ava, 1980; S r i v a s t a v a and Trip a t h i , 1981; Rasha­

twar and I l y a s , 1984;Haniffa and Sudaravadhanam, 1984) and g i l l s 

(Khagarot, 1982; Shimada ^ ^ . , 1982; Goel £ t a l . , 1982; Kuma-

raguru jgt a l , , 1982; Solangi and O v e r s t r e e t , 1982; Tuurala and 

So iv io ,1983; M i t c h e l l and Cech, 1983; Fukuda, 1983) have been 

well docx^mented. H o w e v e r , l i t e r a t u r e on pa tho logy and po i son ing 

of f i s h e s e s p e c i a l l y o rganoch lo r ine a re few (Sas t ry and Sharma, 

l979;Shaf i and Choudhary, 1980; Gupta and Singh, 1982; M a t t h i e s -

sen and Rober ts , 1982; Drewett and Abel, 1983). 

In I n d i a s t i l l t h e use of o r g a n o - c h l o r i n e compounds i n 

p e s t c o n t r o l i n i n p r a c t i c e and very l i t t l e i s known about 

t h e i r t o x i c e f f e c t s on Indian f i s h e s . Therefore t h e p r e s e n t 

i n v e s t i g a t i o n h a s been under taken to e v a l u a t e t h e e f f e c t of 

BHC, an organo c h l o r i n e i n s e c t i c i d e on n o n - s p e c i f i c and spe­

c i f i c t i s s u e response of an a i r - b r e a t h i n g f i s h , C I a r i a s b a t r a -

chus i n o r d e r to a s s e s s t h e d i a g n o s t i c va lue of t h e p e s t i c i d e 

t o x i c i t y . 



Materials and Methods 

Methods of p rocuranen t of animals and t h e i r maintenance 

have a l ready "beoi desc r ibed i n t h e p r e v i o u s c h g p t e r s . Af ter 

t h e acc l ima t ion of f i s h i n t h e l a b o r a t o r y c o n d i t i o n s f o r a 

week, t h e animals of t h e same body weight ( 6o-65g ) were ex­

posed to 16,0 mg/1 ( LC_^ c o n c e n t r a t i o n ) of BHC f o r 96 hour s 

and t h i s l e v e l of p o l l u t a n t was main ta ined throughout t h e 

p e r i o d of exper imenta t ion by renewing p o l l u t a n t water a f resh 

a t every 24 h o u r s . The average water t a n p e r a t u r e remained a t 

32,5°C. At t h e ©id of t h e 96 hou r s e j ^osu re , 5 f i s h e s each 

from exper imenta l and s i m i l a r l y kep t c o n t r o l were t a k o i 

randomly and s a c r i f i c e d . Skin fragments of about 5/10 mm b e t ­

ween t h e d o r s a l sp ine and l a t e r a l l i n e cana l were cu t and 

f ixed i n 10% n e u t r a l fora ia l in , Bou in ' s f l u i d and Zenker'.s 
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f lu id , Sknall p ieces of g i l l s were cut off and carefully 

washed in physiological sa l ine to ranove t h e i r adhering 

mucous and then fixed in Zoiker 's f lu id . Liver, kidney and 

gonad preserved in Bouin's f lu id and a l l the fixed t i s s u e 

were fur ther processed using standard h i s to log i ca l technique. 

Paraff in sec t ions were cut a t 5-7 microns and stained with 

haenotoxylin and eosin. 



Observations 

Skin 

The integijmentary syston i n C l a r i a s b a t r a c h u s i s d i s ­

t i n g u i s h e d i n t o ep idenn i s , dermis and s u b c u t i s . The epidermis 

c o n s i s t s of an outermost e p i t h e l i a l l a y e r , t h e middle l a y e r 

and t h e ba sa l l a y e r c a l l e d stratum geraiinativum. The outermost 

e p i t h e l i a l l a y e r i s composed of s t r a t i f i e d e p i t h e l i a l c e l l s i n 

which numerous f l a s k shaped mucous g lands a r e l o c a t e d . The 

mucous g lands a re u n i c e l l i o l a r and opQi on t h e su r face of t h e 

skin. The middle l a y e r i s t h e t h i c k e s t l a y e r of ep idermis . 

Club c e l l s v*iich a r e l a r g e and u s u a l l y round in shape a r e l o c a ­

t e d i n t h e middle l a y e r . The cytoplasm of c lub c e l l s a r e homo-

gaious . In t h e middle l a y e r l a r g e number of s p h e r i c a l mucous 

g lands a re a l so p r e s e n t . The ba sa l l a y e r i s composed of s i n g l e 

l a y e r of c e l l s . These c e l l s a r e cuboidal i n shape with s p h e r i ­

ca l n u c l e u s . The dermis i s c h a r a c t e r i z e d by t h e p r e s o i c e of 
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bundles of muscles and col lagoi f ib res , supplied with blood 

c a p i l l a r i e s and nerve f i b re s . A uniform and continuous layer 

of p igne i t c e l l s are present in the tipper layer of dermis in 

close contact vdth the basal l ayer of epiderrois. 

The acute toxic exposure of BHC for 96 hours produced 

sloughing of epidermal l ayer with hyperplasia of c e l l s . The 

mucous c e l l s also increased and mucous coats were also obser­

ved on the surface of the skin. In the middle l aye r mucous 

c e l l s also increased in number. The uniform d i s t r ibu t ion of 

pigoaoit c e l l s were also affected and they became loca l ized and 

shrunken. Necrosis of muscle b\jndles in the dermis was also 

observed (Plate-XVII; Figs. 2 ,3) . 

G i l l s 

The s t ruc tu re of the g i l l s of C la r i a s batrachus followed 

the typ ica l plan of te leos tean g i l l s as described by Munshi 

( i960). The h enibranchs consis t of several long thin filaments 

cal led primary lamellae. The secondary g i l l lamellae a r i s e at 

regular i n t e r v a l s as semi folds from the dorsal and v o i t r a l 

side of primary g i l l lamellae, v*iich fur ther increase the r e s ­

p i r a to ry surface area for gaseous exchange. The ca r t i l ag inous 

g i l l rays are located in the main shaft of the primary g i l l 

lamellae, and the adductor muscles are attached with the g i l l 



E}(PLANATION OF PLATE - XVII 

F ig . 1: Cross sec t ion of t h e skin, of c o n t r o l C .ba t r achus 

(45x 10 x ) . 

F i g s . 2, 3 : D i f f e r e n t s t age s of h i stop atho l o g i c a l changes 

i n t h e skin of C .ba t r achus a f t e r t h e eijqposure 

to BHC (45x 10 x>. 

Abbrev ia t ions 

BAL 
CC 
DER 
DP 
BMC 
LS 
OL 
PC 
&IC 

Basal l a y e r . 
Club c e l l 
Dezrois 
Dennal p a p i l l a 
Flask i^gped raucous c e l l s 
Lymphatic space 
Outer^most l a y e r 
Pigmoi t c e l l s 
Sphe r i ca l mucous c e l l s 
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rays to adjust the amoxjnt of ven t i l a t ion of lamellae. The 

afferent and efferent branchial a r t e r i e s are also located 

within primary g i l l lamellae. The blood used to pass from 

a f f e r e i t a r te ry of the primary g i l l lamellae to the e f fe ro i t 

ar tery through the secondary g i l l lamellae. The p i l l a r c e l l s 

are present between u^jper and lower basemeit manbrane layer of 

secondary lamella and separates the adjacent blood channels. 

The middle vascular layer of secondary g i l l lamellae are sur-

ro\jnded on e i t h e r side by a thin basonoit membrane and covered 

external ly by s ingle layered cuboidal e p i t h e l i a l c e l l s . The 

mucous glands and the acidophil granular c e l l s are located in 

the g i l l epithelium. 

The g i l l s of BHC exposed animals showed several h i s t o -

pathological changes. Acute exposure caused copious mucous 

secret ion. At death the g i l l f i l amoi t s were a br ight red colour, 

ind i s t ingu i shab le from those of control f i sh . This colour gra­

dually faded u n t i l a t approximately 2h a f t e r death the g i l l s 

were ^ i t e . G i l l s of control f i shes faded s l i gh t ly within the 

f i r s t 2h a f t e r death, to a pink colour and did not turn v*iite 

u n t i l a f t e r r igor mort is had passed and decomposition begun 

a f t e r 20h. The g i l l s exhibited grea tes t damage. Swelling of 

secondary lamellae leading to detachment of , the epithelium 

from the p i l l a r c e l l s and p a r t i a l degeierat ion with l o s s of 

r i g i d i t y of the p i l l a r c e l l systsn and hypertrophy in the 



EXPLANATION OF PLATE - XVIII 

F ig , i : H o r i z o n t a l s ec t ion through t h e g i l l of c o n t r o l 
C .ba t r achus shomng secondary l a m e l l a and a s so ­
c i a t e d s t r u c t u r e (H & E x 450) . 

F i g s . 2 , 3 : H o r i z o n t a l s ec t ion through t h e g i l l of c o n t r o l 
C . b a t r a c h u s showing secondary l a m e l l a and a s s o ­
c i a t e d s t r u c t i i r e (45x 10 x ) . 

F ig . 4: An e a r l y s t age of l a m e l l a r odena and hyper t rophy 
and c u r l i n g of secondary l a m e l l a e a f t e r t h e ex­
p o s u r e of BHC (45x lOx). 

F ig . 5: P r o l i f e r a t i v e i n t e r l a m e l l a r ep i the l ium with fused 
secondary l a m e l l a shown by arrow (45x lOx). 

F ig . 6: G i l l showing l a m e l l a r hyper t rophy and h y p e r p l a s i a 
i n l a m e l l a r ep i the l ium with thrombosed l a m e l l a r 
t e l a n g i e c t a s i s shown by arrow (45x lOx). 

Abbrev ia t ions 

B.Cap. 
£P 
I n t . ep. 
POL 
Pr . Lam 
Sec. lam. 

Blood c a p i l l a r y 
Epi thel ium 
I n t e r l a m e l l a r ep i the l ium 
P i l l a r c e l l 
Primary g i l l l a m e l l a 
Secondary g i l l l a m e l l a 
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lamellar channels were the major changes induced (Pla te -XVII; 

Fig, 4) . In BHC exposed f ish the t i p s of adjacei t lamellae 

fused ( Plate-XVIII; Fig. 5 ) . The p i l l a r c e l l s showed extai^ 

sive damage. 

Liver 

The l i v e r of Cla r ias batrachus i s a Mlobed reddish 

brown orggfi. Each l i v e r lobe i s a homogoieous mass of poly­

gonal c&Lls and the hepatocyte have c e i t r a l l y placed spherical 

nuclei with prominoit nuc leo l i . The hepatocytes are arranged 

in the fonn of anastomosing parenchymal sheet of poorly defined 

lobular organizat ion. Sinusoids are fewer in number and i r r egu ­

l a r l y d i s t r i bu t ed in the l i v e r pareichyma. 

The acute toxic exposure of BHC produced pronoiJinced 

h i stop atho log ica l change in the l i v e r of Cl a r i a s batrachus. 

The colour of the l i v e r from reddish brown changed to yeelow-

ish red. The ce l l i i l a r d e t a i l s of the hepatocytes was o b l i t e r a ­

ted. Other pathological changes were hypertrophy of hepat ic 

c e l l s , d isar ray of the l i v e r cord and vacuolation of cytoplasn 

and necros i s ( Plate-XIX;Fig. 2 ) . The l i v e r as a v*iole showed 

d i s to r t ed ^pea rance . 

Kidney 

The kidney of Cl a r i a s batrachus i s a p a i r of dark brown 

elongated s t ruc tu re located in the re t roper i tonea l pos i t ion , 
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ventra l to the ver tebra l coltunn, and may be d i s t i n c t l y divided 

into head and trunk region. The trunk kidney i s elongated ex-

toiding the e i t i r e l ^ g t h of the body cavity and si^^jplied ly 

renal a r t e r i e s a r i s ing d i r ec t l y from the aor ta . The head kidney 

i s roughly t r i angu l a r in shape. His to log ica l ly , the trunk 

kidney i s composed of renal capsules, nephrons and co l l ec t ing 

tubiiLes, and the i n t e r tubular space f i l l e d with lymphoid 

t i s s u e . The head kidney i s composed of lymphoid, haemopoietic 

and adrenocort ical t i s s u e s . 

BHC exposure caused glomerular shrinkage in some glo­

meruli . Reial tubules collapsed and the d i s t a l segment showed 

strong f i b r o s i s and tubular necros i s . Ce l lu la r debr i s in the 

renal tubule was also observed. The haenopoietic t i s s u e s of 

the head kidney were in degenerative phase (Plate-XX;Figs. 2, 3)« 

Gonad 
e 

A p a i r of t e s t i s i s p r e s o i t which are elongated and 

f l a t t e i e d s t ruc tu res , s i tua ted on e i the r side, vent ra l to the 

kidneys in the p o s t e r i o r region of the abdominal cavi ty. Tes t i s 

rsnain attached to the body wall by means of mesorchia. The 

t e s t i s i s composed of l a rge number of seminiferous tubules or 

lobules TÂ iich are closely boiJid together by a thin l ayer of 

connective t i s s u e . The lobules are surrounded by lobule 
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boiaidary c e l l s A/^ich resonble with connective t i s s u e c e l l s . 

The spaces l)etween the lobiiles are f i l l e d with connective 

t i s sue , blood c a p i l l a r i e s and i n t e r s t i t i a l c e l l s (Leydig 

c e l l s ) . The t e s t i s of C la r i a s batrachus shows seasonal v a r i ­

ation in spermatogeiic a c t i v i t y . 

In BHC exposed animals the spermatogonia were in degene­

ra t ive condit ion, Degeieration of soniniferous tubules was 

also observed accompanied by c e l l u l a r d i s in tegra t ion (P la t e -

XIX; Figs. 4 , 5 ) . 



EXPLANATION OF PLATE - XIX 

Fig , 1: T. S, of liver of control C, b a t r a c h u s showing 
h e p a t o c y t e s vdth c e n t r a l n u c l e i C45x 10x). 

F ig , 2: T^S. of l i v e r of BHC ejQOsed animal shovdng, 
p a r t i a l vacuo la t ion of h e p a t o c y t e s , c e l l u l a r 
degenera t ion and s t age of l i v e r c i r r h o s i s 

45x 10 x). 
Fig. 3: T.S. of t e s t i s of control ClariasNbatrachus 

showing soniniferous tubules packed vdth 
spennatocytes t45x 10 x) . 

Figs. 4, 5J Different stages of degeneration of sperma­
tocy tes (45x 10x>. 
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Fig , i : T. S. of t runk kidney of c o n t r o l C, b a t r a c h u s 
showing r ena l t u b u l e s (45x 10x). 

F ig . 2: T.S. of t runk kidney of BHC exposed animal 
showing shr inkage of glomerulus , t u b u l a r 
f i b r o s i s , t u b u l a r e p i t h e l i a l n e c r o s i s and 
c e l l u l a r d e b r i s i n t h e lumen of t h e kidney 
t u b u l e s • (45x 10x). 

F ig . 3: T.S. of t runk kidney of BHC e:mosed animal 
showing glomerular shr inkage (^5x lOx)'. 
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Discussion 

The integument of t h e f i s h i s i t s ou termost d e f e i c e 

a g a i n s t t h e surrounding e i v i r o n m e i t . The skin i s h i g h l y vxil-

n e r a b l e to damage by v a r i o u s pa thogens and p o l l u t e d water 

with conseqUQice of oanoregu la to ry d i s t r e s s . Severa l p a t h o -

g e i s caused skin l e s i o n s , v i z . , v i r u s (Wolf, 1966; Yasutake, 

1970), b a c t e r i a (Shieszko and Ross, 1969; Biollock and Sh i e s -

2^^0,1970), fungi ( F i j a n , 1969), e t c . Skin p a p i l l o m a s among 

f i s h e s have been used as s u i t a b l e , economical l a r g e s c a l e 

s c r e a i i n g of chemical carc inogen (Campbell e t ai_., 1974; S t i ch 

^ a l . , 1976) . S u b - l e t h a l e f f e c t s of p o l l u t a n t s caus ing f i s h 

tumour h a s been r e p o r t e d by S t i ch e t ai_. ( l 9 7 6 ) . 

Choudhary ( 1979 ) observed h y p e i p l a s i a of ep idenn i s of 

H . f o s s i l i s a f t e r long- tera i e35)osure of ma la th ion . Such r e s ­

ponses have been r e p o r t e d by low t empera tu re (Rober t s and 
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Bullock, 1976), chanical p o l l u t a n t s honnonal st imuli and puta­

t i v e v i r a l agents (Roberts, 1975). 

Thus the hyperplasia of skin as observed in the present 

inves t iga t ion on CI a r i a s batrachus a f te r HHC exposure can not 

be considered as a specif ic react ion to p e s t i c i d e . Production 

of copious mucous by flask shaped mucous c e l l i s of i n t e r e s t 

from physiological point of view. Choudhary ( 1979 ) in H. 

f o s s i l i s a f t e r malathion e35)Osure also observed copious mucous 

and suggested i t s p ro t ec t ive function of integument, Mi t ta l and 

Munshi (1971) reported weakly acidic sulphated mucopolysaccha­

r ide nature of slime produced by flask shaped un ice l lu l a r gland. 

The club c e l l or granular c e l l i s found mainly in the 

skin of f i shes belong to suborder s i l u r o i d e i . Sato (1967,1978) 

studied the s ta in ing react ion and f ine s t ruc tu re of c o t t i d s . 

Mi t ta l and Munshi ( 1971 ) reported albuminous na ture of i t s 

secret ion. Moreover, the na ture and function of t h i s c e l l has 

not been fiJlly ascertained. The presence of r e l a t i v e l y la rge 

number of lymphocytes in the epideraiis of po l lu t an t exposed 

animal shows the inflammatory responseof the epidermal t i s s u e s . 

The function of increased lymphatic space i s possibly to simply 

more n u t r i t i o n to the stratum germinativum. The nec ros i s mainly 

due to specif ic action of BHC on the skin. The melanophores of 

f ish are as te ro id c e l l s in the dennis. The melanophores are 
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under nervous or humoral control , any chanical age i t o r disease 

process v^ich affect these cent res wil l also affect the pigment 

c e l l s . The present observation of shnnkage in pigment c e l l s in 

skin coincide with the previous report of t h i s d i s se r t a t ion 

(Chapter l) ,in which change in colour has also besn observed. 

Similar observation has also been made on H . f o s s i l i s a f te r 

malathion exposure (Choudhary, 1979). 

Teleostean g i l l s are d e l i c a t e leaf l i k e s t ruc ture M^ich 

ranain in contact with the surrounding water. Any physioo-

chenical agent in the water i s responsible for marked g i l l 

l e s ions in f i shes . A review on t h i s problan has also been 

published by E l l e r ( 1975 ) . He concluded tha t the g i l l damage 

i s easi ly detected in p e s t i c i d e s tudies designed to measure 

acute t ox i c i t y within one or two weeks. But, in long tenn, sub­

acute s tudies , g i l l damage i s subt le and i s not always apparei t 

and observed. A vd.de var ie ty of pathological changes in g i l l s 

of t r o u t , b l u e g i l l and gold f ish have been a t t r i b u t e d to acute 

or chronic l eve l of p e s t i c i d e s by various authors (Chr i s t i e 

and Bat t le , 1963; Cope, 1965; Vanvalin et a l . , 1968; Matton and 

Lahan, 1969; Esler , 1971). 

Kumaraguru ( 1982 ) observed e p i t h e l i a l separation or 

necros i s , mucous ce l l hyperplasia , clubbing of ep i the l i a l 

c e l l s or hyperplas ia and fusion of adjacent secondary lamellae 

http://vd.de
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i n Permethr in poisoned g i l l s of rainbow t r o u t . Salmo g a i r d n e r i . 

Khangarot ( l982) s tud ied zinc induced p a t h o l o g i c a l changes i n 

t h e g i l l s of P u n t i u s sp-phore and observed de lamina t ion of g i l l 

epi thel ium from t h e p i l l a r c e l l sys tan , oedona, fusion of 

secondary g i l l l a m e l l a e and degene ra t ion of g i l l e p i t h e l i a l 

c e l l s . Tuura la and Soivio ( l983) s tud ied t h e e f f e c t of dehydro-

a b i e t i c ac id (DHAA) and z inc on t h e s t r u c t u r a l and c i r c u l a t o r y 

changes i n t h e g i l l s of Salmo g a i r d n e r i . Dehydroab ie t i c ac id 

(DHAA) induced h j ^e r t r ophy of t h e ep i the l ium. Both subs tances 

induced a marked v a s o c o n s t r i c t i o n in t h e secondary l a m e l l a r 

c a p i l l a r i e s . S imi l a r r e p o r t of h y p e r p l a s i a of t h e secondary 

g i l l l a m e l l a e have been g i v e i on gold f i s h , C a r a s s i u s a u r a t u s 

a f t e r a lky l -benzene s u l f o n a t e ( Fukuda, 1983 ) and on channel 

ca t f i s h , I c t a l u r u s p u n c t a t u s a f t e r ammonia exposure (Mi tche l l 

and Cech, 1983). Choudhary ( l979) s tud ied t h e e f f e c t of organo-

phospha te (mala th ion) and r e p o r t e d l a m e l l a r hype r t rophy ,hype r ­

p l a s i a , fus ion of t i p s of ad jacen t l a m e l l a e , d i l a t i o n of lame­

l l a r c a p i l l a r y and damage of p i l l a r c e l l s i n t h e g i l l s of H. 

f o s s i l i s . Swel l ing of secondary l a m e l l a e l e a d i n g to detachmen^t 

of t h e epi the l ium from t h e p i l l a r c e l l systan and p a r t i a l de ­

genera t ion with l o s s of r i d i g i r y of t h e p i l l a r c e l l sys tan , 

hyper t rophy i n l a m e l l a r channe l s , fusion of t i p s of a d j a c e i t 

l a m e l l a e and o v e r a l l damage of g i l l a r e f e a t u r e s observed 

a f t e r BHC exposure i n CI a r i a s b a t r a c h u s in p r e s e n t i n v e s t i g a -



t ion , PresQit report i s s imilar to the observat ions on Tr i -

chogaster f a sc i a tu s e^^osed to BHC ( Gupta and Singh, 1982 ) . 

Similarly in Salmo t r u t t a e^^josed to l indane (BHC) g i l l damage 

and disarray of secondary g i l l lamella i s observed by Drewett 

and Abel ( l983) . 

Munshi and Singh ( l97 l ) inves t iga ted the h i s topa tholo-

gical e f fec ts of hepatochor and n i co t ine on the g i l l s of H. 

f o s s i l l s . Separation of the resp i ra tory epithelium from lame­

l l a e through proteinaceous f lu id in g i l l s of cu t throa t t rou t 

a f t e r oidrin exposure i s not iced by ELler ( 1971 ) . Andrews et 

at . ( 1966 ) also reported oedena in the g i l l s of blue g i l l 

(Lepomis microchirus) by the exposure of hepatochor. The lame­

l l a r aneurysms progressing to fusion of lamellae by the ex­

posure of dichlorobeni l ( Cope, 1966 ) and diuron (MaCraren et_ 

a l . , 1969) in blue g i l l s have also been reported. 

From the above account i t i s c l ea r t ha t the majority 

of h i s to -pa tho log ica l changes are of l imi ted diagnost ic value 

and the t i s s u e response are of non-specif ic na ture . However, 

g i l l l amel lar t e l a n g i e c t a s i s , anauryans and oedaona with Q3i-

t h e l i a l separation produced a f t e r the exposure of tox ins r e ­

quire cardfiol evaluation in comparative f ish pathology. Hughes 

and Perry ( 1976 ) emphasized the importance of moiTphometric 

study of g i l l s through electron and l i g h t microscopy for eva­

lua t ing po l lu t an t act ion. 
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The shortening of g i l l lamellae along vdth thickening 

of the e p i t h e l i a l coverage of the secondary lamella should be 

considered as an adaptive t i s s u e response to toxic environment 

v*iich possibly provide more r i g i d i t y to g i l l f i laments aga-ihst^ 

col lapse . Question may a r i s e how the g i l l s remain functional 

even a f te r such wide ranging damage by the toxic effect of 

various po l lu t an t ? Hughes (1976) gathered suff ic ient evidence 

to show tha t besides the noiroal course of blood flow through 

afferent and efferent a r tery v ia lacunar blood channels within 

the secondary lamellae, a d i f fe ren t pa t t e rn of blood flow dose 

occur through the marginal channel and during po l lu t ion t h i s 

becomes only one exposed to water cu r ro i t . Hughes ( 1976 ) ob­

served tha t the t rou t exposed to po l lu tan t continues to survive 

and depends en t i r e ly \xpon gas exchange across th in reduced 

surface. 

Liver have usually been the organ of choice for h i s t o ­

log ica l studiesof p e s t i c i d e s induced changes in f i shes because 

i t i s involved in v i t a l metabolic processes of the body. More­

over, ve r t eb ra te l i v e r i s the chief detoxifying organ. In 

toxicologica l s tudies , l i v e r had often been found to be the 

organ with highest concentrat ions of biocides or p e s t i c i d e s 

with r e l a t i v e l y grea ter damage and impairment of the t i s s u e s 

( E l l i a s and Bgigelsdorf, 1952; Hinton and Pool, 1976 ) . Couch 

( 1975 ) reviewed the p e s t i c i d e induced changes in the l i v e r 
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of f i shes and dononstrated tha t hepat ic damage occurs in both 

acutely l e t h a l and chronic sublethal exposure of cer ta in pes­

t i c i d e s and re l a t ed chemicals. Sriwastawa and Tripathi ( l98l ) 

studied the h i s topathological changes in Esomus dandricus a f te r 

sodium and ammonium sulphate poisoning. Ehdrin Induced hepat ic 

injury in Channa punctatus was reported by Sastry and Shanna 

( 1979 ) . They observed hypertrophy of hepat ic c e l l s and t h e i r 

nuc le i , l i v e r cord disarray, vocuolation of cytoplasn and nec­

r o s i s . In some c e l l s , the c e l l membrane was ruptured, c e i t r o -

lobular area was highly necrosed and l i v e r on the i-^^ole showed 

d i s to r t ed appearance. Colour changeoC l i v e r from reddish brown 

to yellowish red a f te r BHC e3q)0sure in CI a r i a s batrachus i s 

s imilar to the previous report on H . f o s s i l i s e:5)0sed to mala-

thion ( Choudhary, 1979 ) . In present inves t iga t ion on CIar ias 

batrachus the c e l l u l a r d e t a i l s of the hepatocyte was o b l i t e r a ­

ted, hypertrophy of hepat ic c e l l s , d isarray of l i v e r cord and 

vacuolation of cytoplasm and necros i s and prominent s p l i t t i n g 

due to the widoiing of the sinusoids and l o s s of ce l l shape 

and rL5)ture of the c e l l u l a r membrane was observed. Similar 

observat ions were made on Trichogaster f a sc ia tus exposed to 

BHC ( Gi^ta and Singh, 1982 ) . Ehdosulfan i n s e c t i c i d e also pro­

duced l i v e r l e s i o n s in CI a r i as gar ipinus and Tj lapia rendal l 

(Matthiessen and Roberts, 1982). Shafi and Choudhary (l980> ob­

served endrin induced hepat ic injury in Anabas tes tudineus . 
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They fur ther observed rupture of hepat ic c e l l monbrane p a r t i ­

cular ly in the centrolobular areas of the l i v e r , v^ere the 

nuclei also appeared p a r t l y d i s in tegra ted . The cytoplaan be­

came cl\jmped, vacuolated and in some cases appeared s l igh t ly 

pushed towards the ce l l border. Drewett and Abel (1983) noticed 

vascular congestion and c e l l u l a r damage of the l i v e r a f te r 

l indane poisoning in brov/n t rou t , Salmo t r u t t a . 

Giipta and Dalela ( 1986) reported hi stop atho logical 

changes a f t e r sublethal concentrat ions of phoiol (P), '2', 4 
9 

dinitrophenol (DNP), pentachlorophenol (PG?) indiv idual ly , and 

in three combinations: (PCP + DNP)/P (highly an tagonis t ic ) , 

(DNP + P)/PCP (addi t ive) and (P + DNP)/PCP(highly s imergis t ic) 

on Notopterus notopterus . In f i sh e^^osedtaP and (PCP + DNP)/ 

P h is topa thologica l changes included the l o s s of typica l poly­

gonal shape, d i sp lacena i t of nucleus from the co i t e r , s p l i t t i n g 

and degoierat ion of hepat ic t i s s u e , hypertrophy (enlarganent) 

of blood vesse l s and vacuolation in hepatocytes were also ob­

served. The f i sh exposed to DNP, hepatocytes l o s t t h e i r poly­

gonal shape. Nuclei and cytoplasm of the c e l l s migrated to the 

periphery. Sp l i t t i ng , hypertrophy, vacuolation, nec ros i s of 

hepat ic t i s s u e and degeneration of blood vesse l s were also 

observed. In f i sh exposed to PCP, and (DNP/P> PCP and (P + DNP) 

/PCP combinations showed degeneration of hepat ic t i s s u e and 
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complete l o s s of polygonal shape leading to nec ros i s and vacuo-

l a t i o n . Hypertrophy of hepatocytes and t h e i r nucle i and block­

age of sinusoid c a p i l l a r i e s were also observed. 

Thus from the above meitioned account the h i s to log ica l 

ef fec ts of organochlorine i n s e c t i c i d e s on the l i v e r of fresh-

v/ater f i shes can be sunmarized as ( i ) hypertrophy of the hq)_a 

t i c c e l l s ; ( i i ) l o s s of c e l l shape and nec ros i s ; ( i i i ) v/iden-

ing of sinusoids; ( iv) d isarray of the l i v e r cord; (v) rupture 

of c e l l u l a r manbrane; (v i ) vacuolation of cytoplaan of hepato­

cytes . 

Kidney p r inc ipa l ly serves as a means of water excretion 

and conservation of e l ec t ro ly t e s by reabsoiption through pov;er-

fu l l ion pumps in freshwater f i shes . This oanoregulatory fimc-

t ion of the kidney requi res su i t ab le c e l l u l a r machinery. Since 

p o l l u t a n t s have toxic e f fec ts on a var ie ty of manbrane func­

t ions , the re could be more poss ib le ways in vAiich po l l u t an t -

ce l l i n t e r ac t i on may i n t e r f e r e with kidney fijnction in f i sh . 

DDT induced tubular degeneration have been reported by 

several authors (King, 1962; Mathur, 1962; Bvihler et a l . , 1969). 

Mount and Putnicki (1966) observed vacuolated c e l l s jn glomeru­

l i a f t e r the e35)Osure of endrin. Choudhary ( 1979 ) observed 

shrinkage of glomeniLi, e p i t h e l i a l nec ros i s and c e l l u l a r debr is 
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in the tubules of kidney of H . f p s s i l i s exposed to malathion, 

Kumar and Srivastava ( 1980 ) observed shrinkage in glomernjlus 

and degeneration of a r t e r i o l e s of kidney in Channa punctatus 

exposed to sodium chlor ide . Similar observat ions were made on 

Esomus dandricusbv Sriwastawa and Tripathi (1981). Wood (1975) 

reported p ro te in l i k e mater ia l in the bo-wman's space and 

co l l ec t ing tubules by parathionon rainbow t r o u t . Reddy et a l . . 

(1977) observed pathological changes in kidney of Colisa l a l i a 

e3q)0sed to organophosphorus compound, Disyston. In the presea t 

study on CI a r i a s batrachus. glomerular shrinkage, collapsed 

r e i a l tubules , strong f i b r o s i s of d i s t a l segment and tubular 

nec ros i s and c e l l u l a r debr i s in the renal tubules were obser­

ved. The shrinkage of glomeruli i n d i c a t e s p a r t i a l dysfunction 

in f i l t r a t i o n mechanian. The e p i t h e l i a l nec ros i s and c e l l u l a r 

debr is in the tubules can be considered as non-specif ic t i s s u e 

response, since degeneration of kidney tubules have also been 

reported by several organochlorine i n s e c t i c i d e s and sometimes 

t h i s may be suspected as a complication of au to lys i s procss . 

Organo chlor ines are not only toxic to normal l i f e pro­

cesses, but also gametogoiesis i s affected by t h i s i n sec t i c i de . 

Badrin ( 10 ppb for l year ) caused a t r e s i a of oocytes in the 

cut throat t r ou t , Salmo c l a r k i . without ^ p a r e n t l y affect ing 

the t e s t i s (E l le r , 1976). Ehdrin (o."6 ppb "Hexadrin" for 96 h r 

or 4 weeks) also si;5)ressed gonadotropin secretion and gonadal 
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32P ij^itake in both male and fanale Indian ca t f i sh , H . f p s s i l i s 

(Singh and Singh, 1980 a, b, d) and gonadal s te ro id biosynthesis 

may also be reduced (Singh and Singh, 1980c, d) . Similar f indings 

have been obtained for Aldrin ( i7 ppb "Aldrin" for 4 weeks) in 

female Indian catfish(Singh and Singh, 1981). Also,DDT retarded 

ovarian developmoit v/hen fed to brook tixDUt (S. f on t i na l i s ) a t 

high sublethal l eve l ( Macek, 1968 ) , Polychlorinated b ipheiy ls 

(PCB's) administered o r a l l y or i n t r a p e r i t o n i a l l y caused gona­

dal regression in At lant ic cod, Gadus morhua (Freonan and 

Sangalang, 1977; Freonan et ^ . , 1978, 1980), brook t rou t , • S. 

f on t i n a l l s ( Freeman and Id le r , 1975 ) , rainbow t rou t , S. gaird-

n e r i , and carp, C.caroio (Sivarajah et a l . , 1978a, b) . Reproduc­

t ion i s also adversely affected in o ther species (Nebeker _gt 

a l . ,1974; Bengtsson, 1980). Increasingly, both DDT and PCB's 

appear to have stimulatory effect on gametogenesis a t low 

dosages (Macek, 1968; Freonan and San gal and, 1977; Freanan et 

^ . , 1 9 7 8 ) . 

Another organochlorine, ' r ' -boizenehexachlor ide ( BHC) 

( 5 ppb for 4 weeks ) , causes a t r e s i a of oocytes and i n h i b i t s 

t u t e i n i z i n g (LH)-induced in v i t r o ovulation in Japanese medaka 

O. la t ipes (Hirose, 1975). 

In the present inves t iga t ion on CI a r i a s batrachus ex­

posed to BHC showed marked inh ib i t i on of spermatogeiesis and 

degeierat ion of seminiferous tubules . 
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Organophosphates although generally l e s s hazardous to 

l i f e , these compounds are not without any harmful effect on 

f ish gametogenesis, Malathion (9 ppm "Cythion" for 96 hours or 

4 -weeks) and parathion (630 ppb "paramar M 50" for weeks) pro­

duced an effect on gonadotropin secret ion, gonadal 32P 15)take, 

and s teroidogenesis s imilar to tha t of endrin and aldr in mei-

tioned previously ( Singh and Singh, 1980a, d, 1981 ) . Parathion 

also inh ib i t ed spermatogeiesis in the ginppy (Bi l la rd and Kin-

ke l in , 1970), Other non. chlor inated p e s t i c i d e s such as f o i i t r o -

thion, carbaryl , lebaycid and diazinon a l l i n h i b i t oogenesis 

to a grea ter o r l e s s e r extent in various species (Saxeia and 

Garg, 1978; Carlson, 1971; Kling, 1981; Allison, 1977; Goodman et 

a l . , 1979) . s teroidogeaesis may also be affected (Kapur et a l . . 

1978). Decreased i^ermatogoiic ac t iv i ty and haonorrhage in 

t e s t i s i s observed in Colisa fasc ia tus esqjosed to manganese 

sulphate (Sr ivastava and Agarwal, 1983). 

The presQit attempt to analyze the observed data on the 

hi stop atho log ica l effect of BHC, an organo chlor ine on CI a r i a s 

batrachus have been oicouraging, but requi res caut ious evalua­

t ion for ident i fy ing c h a r a c t e r i s t i c les ion of diagnost ic value 

for t h i s c l a s s of pe s t i c ide , as the extent of t i s s u e response 

to . var ious biocides and s t r e s s in most f i shes are l imi ted and 

unspecif ic . Moreover, the poss ib le i n t e r ac t ion of var iab les 

such as n u t r i t i o n and p e s t i c i d e s and t h e i r effect on various 

organ systans requi re to be evaluated sQjarately, 



Summary 

The p r e s m t inves t iga t ion has been undertakei to eva­

l u a t e the effect of-BHC, an organo chlor ine on specif ic t i s s u e 

response of an a i r -brea th ing f i sh , C la r i a s batrachus. 

Skin; The integumeit of Cl a r i a s batrachus cons i s t s of epider­

mis, dermis and subcutis . The epidermis cons i s t s of an outer ­

most ^ i t h e l i a l layer , the middle l aye r and basal layer . The 

ep i t he l i a l i s composed of s t r a t i f i e d e p i t h e l i a l c e l l s in v^ich 

numerous f lask shaped mucous glands are located. Middle layer 

i s th ickes t l aye r of epidermis in A^ îch club c e l l s are found. 

The basal l ayer , stratxjm germinativum i s composed of s ingle 

l ayer of c e l l s . The derails i s character ized by the presence of 

bundles of muscles and collagen, supplied with b lood-cap i l l a r ­

i e s and nerve f ib res , pigment c e l l s . 
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Acute toxic exposure of BHC produced sloughing of epi-

demial layer m t h hyperplasia of c e l l s . Increase in mucous 

glands and shrunken pigmoit c e l l s as well as nec ros i s of dermal 

musciAlar bundles was observed. 

G i l l s : The s t ruc tu re of g i l l s of C.batrachus followed the 

typica l plan of te leostean g i l l s . The effect of acute exposure 

of BHC caused copious mucous secret ion. After death the colour 

of g i l l s changed to \\*iite within 2 hours swelling of secondary 

g i l l lamellae leading to detachment of the epithelium fiXDm the 

p i l l a r c e l l s and p a r t i a l degeierat ion with l o s s of r i g i d i t y of 

the p i l l a r c e l l systan and hypertrophy in the lamel lar channels 

were the major changes induced. In some cases the t i p s of the 

adjacai t lamellae fused. The p i l l a r c e l l s showed extensive 

damage. 

Liver; The l i v e r of CI a r i a s batrachus i s a bilobed reddish 

brown organ. Liver lobe i s a homogeneous mass of polygonal 

c e l l s , hepatocytes have cen t ra l ly placed nuc le i . Hepatocytes 

arranged in the form of anastomosing parenchymal sheet of poorly 

defined lobu la r organizat ion. The sinusoids are fewerin n\jmber 

and i r r e g u l a r l y d i s t r ibu ted in the l i v e r parsichyma. 

Acute e35)Osure of BHC changed the reddish brown colour 

in to the yellowish red. The c e l l u l a r d e t a i l s of the hqjatocyte 

was o b l i t e r a t e d . Hypertrophy of hepat ic c e l l s , disarray of 
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l i v e r cord,vacijolation of cytoplaan and nec ros i s was observed. 

The l i v e r as a vdiole showed d i s to r ted appearance. 

Kidney: The kidney i s a pa i red elongated s t ruc tu re and d i s ­

t i n c t l y divided in to head and tr\jnk region. His to logica l ly the 

trunk kidney i s composed of ro i a l capsules, nephrons and col­

l e c t i n g tubules and the i n t e r tubular space f i l l e d with lym­

phoid t i s s u e s . The head kidney i s composed of lymphoid, haono-

p o i e t i c and adra iocor t ica l t i s s u e s , 

BHC exposure caused glomerular shrinkage. Renal tubules 

collapsed and d i s t a l segment showed f i b r o s i s and tubular nec­

r o s i s , CelltO-ar debr is in the renal tubxjle was also observed. 

The haemopoietic t i s s u e s of the head kidney were in degenera­

t i v e phase, 

Gtonad; A p a i r of t e s t i s i s present viiich are elongated and 

f l a t t o i e d s t ruc tu res . The t e s t i s i s composed ' of l a rge number 

of seaniniferous tubules which are closedly bound together by a 

thin l aye r of connective t i s s u e . The spaces between the lobules 

are f i l l e d with connective t i s sue ,b lood c a p i l l a r i e s and i n t e r s ­

t i t i a l c e l l s (Leydig c e l l s ) . 

In BHC exposed animals spermatogenesis was inh ib i t ed 

and degoieration of saniniferous tubule and spermatogonial 

c e l l s were observed. 



Summary and Conclusion 

Chlorinated hydrocarbons or organochlorines are noto­

riously toxic synthetic organic compoiJnds presoit ly being 

used extensively in many places for pest control in agricul­

ture. I t has nov/ beea accepted that the chlorinated hydro­

carbons present a greater damage to non-target animals than 

other pest icides. These compounds are chemically stable thus 

they are pe r s i s t e i t and owing to the i r fat solubility they 

are accumulated in adipose t issues mthin animal's body. 

The compounds frequoitly reach the aquatic Qivironment,i, e,, 

ponds, ditches, swamps and other derelict water areas wliere 

the fish, Clarias batrachus. thrive a l l the year round. 

Clarias batrachus i s an air-breathing fish, i s commercially 

important on account of i t s nutr i t ive/ therapeutic value and 

extra vigour. This fish has receit ly attracted the attention 
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of the f ishery b i o l o g i s t s and tox ico log i s t s exploring the 

p o s s i b i l i t y of i t s systematic and s c i e i t i f i c cu l ture in 

oxygen def ic ien t water. Keeping in view the above account 

and considering the pauci ty of l i t e r a t u r e connected with 

the effect of organochlorine i n s e c t i c i d e s on Indian f i shes , 

i t was thought des i rab le to i n i t i a t e work on t h i s important 

aspect of chOTical po l lu t ion . Hence, the present work e n t i t ­

led "Effect of Organo chlor ine, BHC on sn a i r -brea th ing f ish , 

CI a r i a s batrachus ( Linn, \^ " has been undertaken to i n v e s t i ­

gate the patho-biology of t h i s f i sh . 

I t was observed tha t the systens of CI a r i a s batrachus 

can function within broad range of po l lu t ion by BHC and 

t ox i c i t y response of t h i s f i ^ towards BHC exposure i s a 

f\:inction of concentration and duration of exposure. The 96 

hours TLm value for t h i s f ish has been calculated to be 

15.94 mg/1 ^t^hich. i s higher compared to several freshwater 

f i shes . The behavioural response of the f ish towards t ox i ­

cant was grossly depoidoat on concentration and lo ig th of 

exposure. Increased ae r t a l excursions and opercular movemeats 

were observed as immediate response of f ish towards the 

toxicant . Liver weight, l i v e r somatic index ( LSI }^ gonad 

weight, gonadosomatic index (GSI) decreased with increasing 

concentration of BHC, There was marked increase in l i v e r 
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water ( 13.75?^ )' and gonadal water in 15 days BHC exposed 

animals. Decreased feeding r a t e , growth r a t e and hydration 

of l i v e r and gonad ind i ca t e the toxic effect of BHC. 

Effect of var ious cone ©it r a t i ons of BHC for 96 hours 

on haanatology i n d i c a t e the l i n e a r re la t ionsh ip betweai con­

centra t ion of BHC and erythrocyte counts, mean corpuscixLar 

haoBoglobin ( MCH ) and t o t a l leucocyte counts. I t has been 

observed t h a t with uni t increase in the concentration of 

BHC the erythrocyte counts decreases by a fac tor of 0.39^. 

Mean corpuscular haemoglobin concoi t rat ion (MCHC) and t o t a l 

leucocytes inc rease by a factor of 0.551 and 2.211 respec t i ­

vely with un i t increase in the concentration of BHC. Haeno-

globin and haematocrit values decreased in various concen­

t r a t i o n s of BHC viii le MCH increased in 96 hours BHC e35)Osed 

animals. The lymphocyte pe r cent increased, eosinophil and 

neutrophi l pe r cent decreased AA*iile monocyte per cent showed 

f luc tua t ing r e s u l t in BHC exposed animals. Erythrocyte dia­

meter decreased with the increas ing concentration of BHC 

exposure. The percentage of spherocytosis was also re la ted 

to the concentration of exposure. The number of anudge c e l l s 

also increased and Howell-Jolly • bodies were present in the 

cytoplasn of BHC exposed animals ind ica t ing the symptom of 

des t ruc t ive anaemia in BHC exposed animals. The haenolytic 

anaonia with spherocytosis were produced by BHC e^^osure. 
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BHC exposure caused increase in the r a t e of oxygoi 

con sumption, but the values a t increas ing concentrat ions were 

not consis t s i t under both surfacing allowed and prevei ted 

condit ions, 

Plagna pro te in and blood glucose increased v^ i l e 

plaana t o t a l choles terol decreased s ign i f ican t ly with in ­

creasing concentrat ions of BHC, Free and e s t e r i f i e d choles­

t e r o l also declined a f te r BHC exposure in t h i s f i sh . A l i n e a r 

re la t ionsh ip was establ ished between the concentration of 

BHC and t o t a l plasma prote in and blood glucose, Plaanaa pro­

t e in and blood glucose increased by a fac tor of 0.039 and 

3.758 respect ive ly , viiile the t o t a l plaana choles terol dec­

reased by a fac tor of 11.425. The decrease in es te r choles­

t e ro l a f t e r BHC exposure i nd i ca t e the impairroQit of hepat ic 

function and l i v e r damage. 

Plasma sodium leve l increased at lower concentrat ions 

( 2.0 and 4.0 mg/l ) but declined at higher concentrat ions 

(8.0 and l6.0 mg/l) of BHC. Plasma potassium leve l declined 

s ign i f ican t ly at lower concentrat ions but in higher concei-

t r a t i o n s the re was increase in potassium l e v e l . Plaana ca l -

ciiTO leve l declined in var ious BHC concentrat ions while i n ­

organic phosphate increased at low concentration, v^ich dec­

reased at the highest concentrat ion. The plasma chloride 
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l eve l f i r s t increased at lower concei t ra t ion (2.0 mg/l) but 

in higher concentration of BHC there was marked.decrease in 

plasna chlor ide . The increased plasna potassium and decreased 

sodium leve l might have caused the primary desrupt ive effect 

of p o l l u t a n t s oi the red c e l l membrane re su l t ing in defect ive 

"act ive t r anspor t " pump mechanism. 

A number of hi stop atho log ica l e f fec ts were observed 

in the t i s s u e s of 96 hours BHC exposed animals ( l6 ,o mg/1 

BHC), Some of the important e f fec ts were sloughing of epi-

deraial layer , hyperplasia of c e l l s , increased mucous glands, 

shrunken pigment c e l l s and necros i s of dermal muscular bund­

l e s of the skin; swelling of secondary lamellae, p a r t i a l 

degeneration and l o s s of r i g i d i t y of p i l l a r c e l l syston, 

hypertrophy of lamel lar channels, fusion of the t i p s of 

adjacent lamella in g i l l s ; l o s s of c e l l shape, hypertrxjphy 

of hepat ic c e l l s , d isarray of l i v e r cord, vacixjlation of 

cytoplasn, nec ros i s and i n f i l t r a t i o n of lymphocytes in the 

l i v e r ; degeneration of haonopoietic t i s s u e in the head kid­

ney, glomeriAlar shrinkage, renal tubules collapsed, f i b r o s i s 

of the d i s t a l segmeit of the renal tubule, tubular necros i s 

in kidney; degeneration of seniniferous tubules with speraia-

tocytes in the gonad e tc . 

The ana lys i s of observed data on hi stop atho log ica l 

effect of BHC on t h i s f ish i s encouraging, although charac-
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t e r i s t i c lesions of diagnostic value for th i s class of pes t i ­

cides have not been identified. The HiC exposed animals may 

become susceptible to various germs of dreadful diseases due 

to reduced resistance of the animal. 

The prese i t investigation on the effect of BHC on an 

air-breathing fish, Clarias batrachus indicates that the 

sublethal toxicity of the insecticide may reduce many of the 

reflexes resulting Jin the altered behaviour and i t s inabi l i ty 

to search food, maintain balance in water and increased res­

piration etc. 

Further, the effects of BHC on the blood parameters 

clearly indicate the anaenic condition of the fish, due to 

destruction of erythrocytes and atrophic condition of ery­

thropoietic t issues . 

Physiological changes indicating increased respira­

tion, disbalance in the ratio of free to esterified choles­

terol , decrease in the to ta l cholesterol, prolonged reduc­

tion in haemoglobin and increase in oxygsi consijmption are 

the result of sub-lethal toxicity of BHC, v^ich indicate 

that although the animals can survive under these conditions 

but are definitely under s t ress in vAiich growth rate i s mar­

kedly reduced. 



These r e s u l t s point out the need for fur ther exten­

sive inves t iga t ions on BHC and o ther organochlorine compound, 

to determine the actual amoî int, t h e i r p e r s i s t s i c e in aquatic 

Qivironment and t h e i r long terai effect . 

Oat« "Z. 
C»aSB by • — •• " " " 

«i«i»rUy — — . - • 
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