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ABSTRACT 

One hWldred and sixty African catjL .. h, obtained from Abbassa JL"h farm were dis

tributed ln10 Jour equal groups (40 each) in aerated glass aquaria (100 L capacUy) and 

given balanced pellets at 2% oj body tveight twice daily. The fish were allowed 2 

weeks Jor acclimatizalwlL Gp. (1) tVas ihe control. Cps. (2-4) were kept ta 0.01 ppm 

sublethal concentration Qf MalaihionJor one week, Gps. (3&.4) were then given levmm' 

sole :UlOur bath at 2.5 and 5 my/Wer respecltvely. Blood samples were collectedJrom 

5 ftsh (gps, 1 ~4) 01 0, 7. 14 and 21 days after tile applicution oJleoomLsole to study 

nonspectfic defense mechanisms (total an.d dlJferential feukocyHc count macrophage 

chemotaxis, !ymphocylic proliJeration index, serum and mucus lysozymes an.d semm 

immunoelectrophoresis). 

The tolal leukocyte and [ym.phocyle counts, nuu:rophage chemotaxis and globulin 

UJere sign!ftcant-ly increasedJrom the 1st Lo 3rd weeks qf feoomisrne treatment when 

compared wWt gpo (2). The serum and mucl.L5 lysozyme and 1ymphocute blasllransJor

mation were sfgnljicanrty inCreased from the 1 Sf to 2nd weeks only when compared 

with !lP. (2), TItese results indicale thar levamisole Is effecliue in augmenting the non

spec(ftC defense system. 

INTRODUCTION 

51 

Great attention allover the world. spe'xJally In the developing eountries including Egypt. has 

been directed towards the supply of edib1e proteins. rich or at least sufficient In the essential 

amlm) aCids. that are not easily synthesized in the mammal1an body. The amino add pattern of 

Osh Is closely related to that found in the animal protem, so fish is an essential source of cheap 
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anImal protein facing the contlnuous increase of popu1ation, 

Investigations on the effects of envlronmt"otal contamInation on fish h€'alth have' Increased In 

recent years, tn particular. cbronlc exposure to sublethal concentrations of heavy metals, pestf.· 

clde or other chemicals has been suspected of increasing the sensltivJty of fish to Infedious {lis

eases (Shriclt.t and StudnIcka. 1992), Therefore, the study of sublethal and chronic eITcc-ts of 

pollutants on the immune system in fish has become important. 

Organophosphorus Insecticides are .... ride1y used in agriculture. and In fisheries for lhc c-nnlroi 

of plankton invertebrates and for the treatment and prevention of parasite infestation. Prcyioui'i 

studies on the eOects of organophosphorus compounds on fish health hav(, conccntrated nil fa('w 

tors aflecttng their tOXicity to fish. and the klnetics of elimination from fish and lhe deicnninaw 

Uon of withdrawal petiods (SaudJnke. and Sopinska. 1983; Jcncy and Jcney. 1986 and Dew 

m .. 1 et 81 .. 1990), 

Malathion Is the organophosphrous Insecticide most frequently used on crops and fields as 

an insecttcide in addition to pest control in agriculture area In Egypt. Malathion has been known 

to eause a specific inhibition of acetylcholinesterase, which tn some cases is accompanied. hy 

the inhibition of neuron target esterase (Repetto et a1., 1988). Malathion depressed lhe nonspe

clftc Immune response of fish (Siwicld and Studnicka. 1992). 

Studies on human and animals have demonstrated the effect of levamlsoJe on lhc activity of 

Immune function. Levamisole has been documented as potential Immunostlmulator; thus Is 

used In the treatment and prophylaxis of fish diseases, Siwleki (1987 and 1989) recorded cn~ 

haneement of phagocytic activity. leukocyte migration, myeloperoxldase activity and in~ 

creased lysozyme levels In fish treated with levamlsole. Application of IcvamlsoJc in ltKJd 01' 

bath enhanced the phagocytic acti"ity of neutrophils and macrophages In flsh (SlwlckJ. 

1999; S1wlcld et al, 1989 and Findlay and Munday, 2000). An 1n vitro study showed an Im

munosUmulatory effect of levamjsolc on the lymphocyte proliferatton. macrophage and n<'u

trophils a.etlvtty in carp and raInbow trout (Siwlckl and CO&nrlDi~Dunler. 1990 and Slwlcki et 
81 .. 1002). 

Findlay and Munday (2000) reported the first record of the use and efficacy or leV'dml

sole as an tmmunomodulator in Atlantic salmon fish. however there is no available literature 

about the effect of levamtsolc as imrnunostimulant in caUlsh Clarias gariepinus. Thts stU(ty 

was performed to invest1gate the trnmunomodulation effect of levamisole on thc nonspccif~ 

1c immunIty in Afr1can catfish Ckuias gan.epinus after immunosuppression induced by Mala~ 

thlon. 
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MATERIAL AND METHODS 

Fish! 

One hundred and stxty African Calji.'ih Claria.s garleplnus weighing 150~200 grn W{'fC tral\s

ferred from Abbassa fish farm to the laboramry where they were acclimatized in a 100·L ~lasR 

aquaria filled wilh dechlorinated tap-water. suppUed with continuous aeration for 2 wl'('ks fm 

apcllmaUzaUon. Fish were fcd twict' daily with nulrltloually balancro pellets at 2% of body 

weJght. 

Experimental Design; 

'the fish were diVided into four equal groups (40 each). Gp. (1) actcd as a control. Gps, !2- 4j 

were subjected to 0,01 ppm sublethal concentration of Malathion for one week ( LC!)O of MuJathi· 

on in catHsh Clarias garlepinus body weight range 90-120 gm was 0.044 ppm hy El-Bo.qori. 

2~. Gps, (3&4) were then tn:.ated with levamisole 2~llUurs hath at a rate of 2.5 alld 5 m)!/ 

Liter respectively. rollowing bath. all groups were held In full sanitary frcsh~watt'r system, 

Blood samples were eollected from 5 fish of each group at 0, 7, 14 and 21 days after Ihe first H;p

plIcation of levamjsole to study the nonspedfie defense rneehanisms. 

Assay of nonspecific defenses 

The total and dlffere_ntial leukocytic counts, macrophage chemolaxhi. lympbo(:ytk proUfera

tion mdex, serum and mucus-lysozymes and sennH lmmunoelectt-ophorcsls wen' delt'r

mined. 

The lotal and dUTerenUal leukocytic counts werc dete,tmfned according 10 (St08koph. 1993). 

Perltoneal macrophage cbemotaxi!:i we,re assayed ae<'ording to the method desCrIhed by KJeslus 

and Sealey (1996l 1'he lymphocytic proliferation tndex was determined accordmg to Ota 

(l984). Serum and mucus-fysozymcs were determined turbJdimetric assay accordln~ 10 Sanka

ran and Gurnanl (1972). Immunoelectrophoresis of serum protein was done usmg eeUulo!:i(, act'

tate accordIng to (Henry et aI •• 1974). 

Statistical Analysis! 

The data were analyzed by analysis of varlance {ANOVA} using State View 4.01 (l993t fol

lowed by Dun's multiple range test to Indicate the groups, whieh were significantly different at 

(P< 0.05). 
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RESULTS & DISCUSSION 

The results from gps. (3&4) were closely similar. Our study reve<,tled increased nonspecifk Im

mune reSponse In levamisole treated fish Haoles. 1. 2 & 3), 

The leukogram profile showed an Increase in both the total leukocyte and lymphocyt<" counts 

In lcvamisole ireat{'d fish at the end of the j st to 3rd wecks when compared with MalathIon 

group. and at the end of the 2nd week only when compared with the control group (tablt>, 11. 

The macrophage chemotaxis assay gps, !3&4) revealed a slgnHlcant increas(' from the end of 

thc 1st to 3rd weeks when compared with gpo (2) and from the end of the 2n<1 w{,('k wlwn ('Olll

pared with the control group (table, 2). 

There was a slgniHcant incrcase In the lymphocyte transformation index fgps. 3&4l al {hl" ("nd 

of the 1st and 2nd weeks when compared with gpo (2), and at the cnd of the 2nd week only whcll 

compared with the control group (table, 2). 

The serum and mucus tgps. 3&4) displayed a slgnUlcantly Increased lysozyme acllvUy whl"l1 

compared Ylith gpo (2) at the end of the It>t and 2nd weeks and at the end of the 2nd week only 

when compared with the c.ontrol group (table21, 

The serum electrophoresiS patterns showed that th(>; y-globulln (gps. 3&4) was significantly in· 

creased from the 1st to 3rd weck In comparison with gpo (2} and at the end of the 2nd w('ck 

when compared with the control group {table. 3). 

The specific Immune response takes days to de\o'elop because it involves complex pathway" nr 
selection and synthesis of spedfic molecules such as antIbodies. However the nonspt'dfic de

fense mechanisms are ready and often need to be acUvated (Douglas et al •• 1991). '11HJ8 Iht, 

nonspecHlc defense mechanism reacts faster after immunIzation. Injury or infecUon by O1j('1""OO1"

ganlsms. Then nonspeclflc defense mechanism assays, done 'A'lth fish, include dcmonstrahnl4 

activities of phagocytosis and chemolaxis of macrophages and monocytes (Weeks and Warinner. 

1988). 

An alternative approach lo vaccines and antibiotics would be the use of 1mmunostlmulatinJ;l: 

agents. DUring the last decade lhere has been an Increasing interest in the modulation of the 

nonspecific immune system of Hsh for treatment and prophylaxts measure against diseases, 1m·· 

munosUmuiants, as levamisole, have shown La be powerful activators of nonspecUlc defense 

mechanism which Is the first line of defense against microbial infections. thereby preventing In~ 

[ectlous diseases (Sahoo and Mukherjee. 2001 &: 2(02). 

Granulocytes and mononuclear phagocytes playa central role in the cell-mediated immunity 

of the nonspecific defense of fish (Dalmo et al .• 1996). The progressive increase of the total It'u~ 
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kocytlc count in lcvam1solc treated groups could be a result of stimuiation of leukopoiesis by Ie· 

vamlsolc. Our results are lnwagreemcnt with Slwtcld and Studnicka (1992) who reported eleval~ 
ed total leukocytic count m Cyprinus carpio administerated 5 mg/Kg,B.W. every three days for 

28 days atler Induced Immunosupression with trichlorfon pesUcldc. On the olh~r hand Findlay 

and Munday (2000) reported Insignificant dltTerences In leucoeril value of kvamisole treated 

fish with 2.5 mg/L for 2: hours ",,'hen comparcd wLth the control group. 

Lymphocyte blast transformation is a relatively slmplc, rapid and reprOd\leible lest. utill".cn in 

clinical and experimental immunology (ota. 1984), Lymphocyte transformation is the means for 

monitoring the efred of immunuenhancing or suppressive therapy where lymphoc.yle lransfor·, 

matlon may be defedive even without detcctahle lymphopenia (Lopez et al •• 1975). Om' study 

shuv.!s that levamisole trcated fish shuwed a significantly augmented prollrcrallon 01 T

lymphocyte. LcvamlsoJe as an immunomodulau:ng of lymphocytc transformaUon has bCf'n donl~ 

mented with HaJn.%ie et at, (1999) and Abdalla et aI .• (199!S) In ehildren, sullering brain tu· 

mol' and pre or postoperative medication p(l.tients respectively. Jolmkoakl et aI .• (1996) attrib~ 

uted the increased proliferation of mice T~lymphocyte trcated With levamiso)e to eJlhaTl(i:'d 

!nter1cuklne~6 produdion with T-Iymphocytes, Mcanwhile CabaJ et aI .• (1995) recorde<l a dc~ 

crease tn lymphocyte transfonnaUon in lambs drenched With levamlsole. 

Mncrophages represent the host 5 second line of defense to Inieetious agents. thereiore deter~ 

mination of macrophage functions induding chemotaxis is important In the evaluation and dia~

nosis of the defense disorder pathways (Ammon and Fudenberg. 1980). Fish macrophage!;; 

havc potent bactericIdal and la1"Ylcldal activities, in addition to possessing both intran."llula.' am} 

extracellular killlng mechanisms (Secombe:s anel Fletcher. 1992). Our work revealed an in" 

creased macrophage chemot.axis response :in 1mmunOt:ompromlsed Ush treated with Icvamisolt'. 

Saboo and Mukherjee (2001} recorded that feeding of levamiso!e to immunoeompmmtsed Lo.~ 

beD roh1{a flsh, v.ith anatoxin, could restore ncutrophU oxidative radical release and phagocytic 

actlvily. Similarly thc macrophage phagocytic ability has been enhanced In Atlantic salmon flsh 

treated with levamisole (Flndlay and. Munday, 2000). 

Lysozymcs are widespread enzymes with anubacterial role, In many teleost tissues and seen:

Hons (Lludn1, 1985}. The lysozymes are distrtbuted In fish tissues neh tn leukocytes, and al 

sites where the lisk of InvaSion Is high (skin. gills and gastrointestinal tract) where lysozymt'$ 

provide a protective runction agajnst viruses. neoplasms, bacteria, fungi and msects (Dobson et 

aI., 1984,. In the recent years there has been an increase in the number of studies renectlng the 

Importance of iysozymes as nonspecll1c immune system in fish. Our studies confirm the effiC'acy 

of levamlsole In increasing the adlViHcs of both serum and mucus lysozyrnes. Findlay and MuuM 

day (2000) recorded a slgntfkant Increase in both mucus and serum Iysozymcs in Atlantic sal· 
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mon fish after 2~wceks of levamisoie bath 2,5 rug/I.. for' 2-hours. Also Sahoo aDd Mukherjee 

(2001) reported elevated serum lysozyme activities In Labeo Tonia fish fed on dietary intake of 

levatntsole (5mg/ kg lJody weight at 3 day Interval for 60 days), 

Although the eiectrophoresls technique did not directly detect the Immune defects. H Is vaiu~ 

able and relatively simple technique that may help the diagnosis of a poSSible lmmunologlr: de

fect. also it is a valuable ioolIn assesSing humoral Immunity and In differentia! diagnosis (Kane

ko et aI .• 1997). Our studies revealed that the levamisole restored the total protein and gamma~ 

globulin levels In the Immunosuppressed fish, Slmtlarly Sahoo aut! Mukhet;lee (2001 and 

20(2) reported increased totaJ protein, albumin. globul1n and antibody WeI' level oy [c(':din,; Ie" 

vamisole to immunosuppressed Osh with atlatoxin B1. In contrary Mom.on et a1. (ZOOOl mcn~ 

tioned that the levamtsole as adjuvant has a narrow range of efficacy when used by bath or in

traperitoneal injection In Atlantic salmon fish. 

A. ... a poInt of view Itwamlsole Is potent Immunostlmulant with both doses 2.5 and 5.0 m~1 

Liter through enhanccment of thc nonspecific immune system, 1111s finding agn:-t'-s wllh Zlberg 

et aI. , {2000} who reCorded Insignitlcant diITeren<'A! of Immune response In Solmo solar fish ('),> 

posed to 1.25.2.5 and 5.0 mg/IHer levamlsole. 

ThiS study provldes strong evidence that bath treatment with levamlsole cnhanc('S the nOll" 

specific immune system. Also the present results suggest that the bath treatment of Immuno

compromised fish with levamtsole may incf"('.ase their resistance to Infection, reduce Ilsh mortaH· 

ty and eould be of economIc benefit. 

Man..soura. Vet. Med~ J. Vol. IV. No.1. 2002 
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