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ABSTRACT 

The oral W SO oj mancozeb was determined. TIle obtained results showed that. 

LDSO oj mancozeb was 2 143.6 mg/ kg. B. W. For studying the chronic cytotoxtc ef

fects. eighty male a lbino rats weighting 90 to 100 gm., were diulded into Jour group~ 

(20 for each). Theflrs t group used as control. Seconrl, thIrd and Jourth given mallcozph 

orally through stomach tube at doses of } / 10. jJ20, J / 40 oj calculated oral W 50 re

spectiuely twice weekly. After 20 weeks the animals were sacrificed, blood were col

lected and sera were separated for bIochemical determLnatlon. Bone marrow was ex

tracted from the femurs and pI .::pared for detection oj chromosomal aberrations. Uver, 

kidney. spleen. and brain were preserved in b4fJered JornuJ.11n Jor h lstDpalhDloglcal 

changes. One gram of fresh Hvers were homogenized In 10% distilled water for determi

nation of DNA and RNA contents. All used doses oj mancozeb caused doses depen

dent significant Increase in r glutamyl transferase activity. Both doses oj 1/10 and 1/ 

20 LD50 showed significant increase [n serum aUwllne phosphatase activity. All dos· 

es showed signljlcant increase in serum aspartate aminotransJerase activity. All doses 

j'howed dose dependent slgnijlca.nt increase In serum urea level. All doses shoU)f~ r.t 

dose dependent slgniflcant decrease in serum glucose level. All doses showed dose 

dependent significant (ncrease in serum cholesterol leveL MWlCozeb showed no signifi

cant en serum bUlrubin level. Chromosomal aberration.s showed a dose dependent sig

nificant increase which appear In lheform oj fragments. gap. rfrIg and sUcked chromo

somes. Doses oj mancozeb (1/ J 0 and 1/20) WsoJ showed slgniflcartt /Jtcrease ((. 

quantity oj RNA There Is no significant changes observed in DNA oj trver contents oj all 

treated groups and control. Histopathological changes revealed that, liver showed!oca l 

subcapsular coagulative necrosis fnflltrated with numerous leukocytes as mononuclear 

cells and g lanl cells. Hyperplasia of epithelial lining oj bile ductules besfdes newly 

fonned bUe ductules surrounded withJew mononuclear cells andjlbroblasts in the por-

101 ar,ea and /he adjacent hepat.ocytes showed apoptosls. Congeslton oj the porta l 

blood. vessels surrounded wUh mononuclear cells and large veSicular nuclei and Ihe 
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nation oj DNA and RNA contents. AU used doses oj rnancozeb caused doses depen· 

dent sign!flcant I.ncrease In y glutamyl transJerase actiulty , Both doses oj J / 10 and 1/ 

20 LD50 showed sfyll!flcant Increa.se In serum alJcaf(ne phosphatase activIty, AU dos· 

es showed slgn!flcant increase in serum a.~pariate ammotrorL<ifera.~e activity. All doses 

,hawed dose dependent slgn!flcant lncrease In serum llJea leveL. All doses ShoWN! 

dose depeJldent slgn!flcant decrease I.n serum glUCOSE! leuel. All doses showed. dose 

depel'u1enl sfgn/ficanl merease In serwn cholesterol te!X?L Mancozeb showed no s/gn(fl

cant In serum bUlfublJ1 leveL. Chromosomal aberrCltio11.5 showed a dose dependent slg' 

n!flcll1lt lnerease whfch appear in. the Jorm oj fragmen.ts. gap. ring and Slicked chromo

somes. Doses oj maru::ozeb (1/ 10 and J /20) W50J showed signijl.caIll lncrease 11, 

qUJJJlti/y oj RNA There Is no slgnljlcant changes observed lJ1 DNA oJ lluer cantenls oj all 

treated groups JJJld control. Hlstopathologlcal changes revealed that, liver showedJocal 

subcapsL<1w coagulative necrosis (n[tItrated with flumerous leukocytes as monofluclear 

cells and giant cells. Hwerptasla oJ epithelial /I.nlng oj bile ductules bestdes newly 

Jormed bUe duclules surrounded wl1hJew mononwcleor cells andjlbroblasts In the por

Ia/ area and the adjacent hepa10cytes showed apoptosl.s. Congesllon oj the por/ol 

bfooc/ [)essels surrounded wUh mononuclear cells and large vesicular nuclei and Ihe 
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adjacent hepatocytes showed pressure atrophy. 8min' shower! congestton, hem.JITah· 

age andjocal encephalomalc/a. Kidney showed congestion of tlte cOl'ti.cai blood ucssels 

besides focal coagultaive necrosis of some renal tubules. Spleen showed moderate de· 

pletion of lymphocytes from w hIte pulp besides numerous slderocytes and congestion 

in red pH/p. 

The main conclusions oj this study are mancozeb has chronic cvtotoxtc effects manto 

Je<;ted by either histopathological or biochemical changes in addition to delelertous ef 

jects on nucleus as chromosomal aberrations and apoptosis. aU these changes may 

lead to rrwtagenesls and probable carcinogenesis which should be consldered and 

need extensive s tudies since the mancozeb Is widely used effective Jungfcides eUher lt1 

agr;":uLture field or jreshfoocl. preseroalives. 

INTRODUCTION 

62 

The extensive use of pes Ucldes and the risks they pose to humall health and the environment 

are now the focus of the world concern. All living creature tesled lhroughout the world arc pol

luted with pesUcldes such as birds. fish. wtld life. domesUc animals. live slock and human being 

Including newborn babies (Moses . 1992 and Davis, 1993). 

The use of pestiCides over the past 50 year,:; has been resulted In the pollution of the soli. wa

ter, plant. and animal species. Thb poilu lion has created a long lasting environmental problem 

especially the members of the organci11ot1ne class of pestiCides where they resistant to environ

mental degradation and have been labeled as persis lent accumulator (Rought et aI .• 1999). 

Mansour (2004) showed that Pesticides have contribuled to great Increases In crop yields and 

In the quantity and vartety of the diet. Also, they have helped to limit the spread of certain dis

eases. but pesticides have hannful effects. they can cause Injury to human health as well as to 

the environment. The range of these adverse health effects includes acute and persistent Injury 

to tile nervous system, lung damage, injury to the reproductive organs. and dysfunction of the 

Immune and endocrine systems. birth defects, and cancer. 

The use of pestiCides has been Increased dramatically in both developed and developing coun

tries dur1ng tile last few decades , with doubling every 10 years, between 1946 and 1985 about 

600000 tons of pesUcldes annually were exporled and used In developing countries, about 

50000 lons of these were used for public health problems (Jan et aI" 1997). Dlthlocarbamates 

are widely used as fungtcldes because of their efficacy against a broad spectrum of fungi and 

their associated plant diseases. Dlthlocarbamates are also used In Industry as sUmtcld~s In wa· 

ter·cooling syst~ms. In sugar. pulp, and paper manufacturing. and as vulcanlzaUon accelerators 
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adjacent hepa..tocytes shOl.ved pressure atrophy. 8min' ShOW('ft congestion, hem<JITM
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In the quaoUly and var1ety of the diet. Also, they have helped to llmlt the spread of certain dls

cas"", but pesticides have harmful effects, they can cause Injury to human health as well as to 

the environment. The range of these adverse heallh effects Includes acute and persistent Injury 

La the nervous system, lung damage, Injury La tlle reproducUve organs, aod dysfuncUon of the 

immune and endocrine systems, birth defects. and cancer. 

The use of pesUcldes has been increased dramatlcally in both developed and developing COun

tries during the last few decades. with doubJing every 10 years. between 1946 and 1985 about 

600000 lons of pesUcldes artl)ually we(e exported and used In developlng counlrles. about 

50000 lons of these wC{e used for public heallh problems (Jan ct aI., 1997). Dllhlocarbamates 

are widely used as fungicides because of theJr efficacy against a broad spectrum of fungi and 

theIr associated plant dlseases. Dllhlocarbamates are also used In Industry as slimlcJdes In wa

ter-cooling systems, In sugar. pulp, and paper manufactur1ng. and as vulcanlzal:Jon accelerators 
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and antlo;;ldanl -. In rubber . . JccCluse of their chelaUng properties. they are also used as scaven

gers In wasle-'. ·akr tr.'.ltrnenl. (Paul et al 1995). 

Mancozeb Is L'"i,,1 to proi'~ct mauy frull. vegetable, nut and field crops against a w1d e spec· 

trum of diseases, Including potato bllght. leaf spot. scab (on apples and pears) and rust (on ros· 

es). It Is also used for seed treatment of cotton. potatoes. coro. sa fnower. sorghum. peanuts. to

matoes, flax and cereal grains (Hayes and J..ar ·s 1990). Mancozcb has been claSSified as 

unlikely to present acute hazard In nonnaJ use by tile WHO Recommended Classification of Pes

ticides by liazard, when handled In accordance with instrucUons (WHO r..992). 

Mancozeb. Is one of the most commonly used fungicides In commercia ) use for several dec

ades. Nevertheless. up to now, no adequate published experimental studies on the carclnogenlr 

Ity of Mancozeb have been publlshed. Because of the Importance of the compound anel of the 

number of people potentially exposed (workers engaged in the production and use of the fungi

cide, people Hving In agric ultural areC'lS where the compoum.l is sprayed, and people cOllsumln(f 

polluted products (Bclpoggi et al 2002). 

There a re a wide ra nge varlaUon of oral L050 of mancozeb which determined in rals In many 

rese;)rclles which ranging from 5000 to 14.000 mg/kg. B.W. (Ivanova and Chemlshanka 1969, 

Watts and Chan 1984 and Chapman 1996). 

The aim of this study was evaluate the chronic cytooxJc effects of mancozeb In addltlon to de

tect the L050 due to a wide range varlaUoo of ora l L050 of mancozeb In rat. 

MATERIALS AND METHODS 

Peiiticlde: DIUlane M 45 WP (Mnacozeb). was kindly obtained from EL-Nasser Company of 

Intermediate Chemicals, Egypt. 

Common Dame: mancozeb 

Trade name; DtlhaneR M-45 

Chemical name: Manganese ethylene bis ( dlthlocarbamale ) complex with z.lnc salts 

Chemical formula: (C4H6MnN2S~ x (C4H6N2S4Zn) 

Molecular weight: 541.064 

Experimental animals: 

Male albino rats weighted from 90 to 100 gm obtained from experimental unit, Faculty of vet-
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c,lnary l.Jcdlclnc. Zagazlg University . Animals were apparently clinical hea lthy and were housed 

In stalnlf'°~ steel cages wi th wood shavings as bedding. Animals were accommodatJng to labora· 

tory condlUon for two weeks before being experimented. Ra ts were maintained on balanced ra

Uon of barley and dry milk. Water a nd feed were given od libitium throughout the experimental 

period. 

Determination of median lethal dose ( LD50) 

1\venty five male albino rats weighting 90 to 100 gm were randomly dlstrtbutC'd Into five 

groups for detcnnlnaUon of median lethal dose (LD5oJ. The groups give n rnancozeb at doses of 

O. 1000, 2000. 4000, 8000 mg./Kg. B. W. respectively orally using s tomach lube. The expert· 

'mental animals were observed for 24 hours . The clinical s igns. mortalities , and gross lesions 

were recorded thi'ough the experimental period . The LDSO value was calculated according to th~ 

method deSCribed by Well (19 52) us ing the following formula: 

log m = Log 0 + d (k- ))/2+ df 

Where m median effecUve dose or exposu re. 

Do., the lowest dose tested. 

d = the logarlttll',l of the con):)tanl ratio between dosages levels. 

f ; cons tant value oulalned rrom special tables, for the propl..t k (Ule total number of level 

tested = k + 1) 

The confidence Interval 9 5% was determined accord Ing to th~ same method using follo'.'1n'~ 

formula. 

Log m:t 2.179 0 log m 

Where log IT! = log LDso 

o log m = d. or 
d : tile logarithm of the cons tant ratio between dosages levels 

f: a constant value obtained from specia l tables (Well, 1952) 

Experimental design 

EIghty maJe albino rats welghUng 90 to 100 gm .. divided Into foul' groups (20) for each. The 

first group used as control. Second. thIrd and fourth given ulancozcu orally through stol.H~r.h 

tube at doses of 1 /l 0, 1/20. 1/40 of calculated LD50 respectively twice weekly. All rats weight· 
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I.ledlclne. Zag:a.zlg UnIversity. Animals were clinical healthy and were housed 

In stalnlf''''<:; steel cages willi wood shavings as bedding. Animals were accommodating 1:0 labora-

condlUon [or two weeks eh-pertme.nted, Rats were maintained on balanced ra· 

tlon of and dry milk. and feed were glvel1 ad I/bLtium the experimental 

pertect. 

Determination of ...... " .......... dose (LD501 

Twenty five. male albino rats welghUng 90 to 100 wrn: randomly dl5Uibut('.o Into rive 

groups for detenntnaUon of medhm lethal dose given fliancozeb at doses o( 

O. 1000, 2000. 4000, 8000 /I\g. B. W. respectively orally stomach lub.:, The expen· 

'menlal anlrnall'i were observed for 24 hOllrs. The clinical $i:JnS. mortallUes. and groaa lesions 

were recorded U)'rough tliC experlme.ntal p~nod. The value was calculated according lO 01'\ 

method WeU. (1952) Llslng the following 

log m ... 0""" d l df 

Where TTl median effecUve dose or W"TlnQ, 

o the lowest dose tested, 

d::. Lhe logatlll t "" of the cO.r'lstant ratio ;o.ruff_·n dosages levels. 

r: cO(ls ..... nl valve I.>ulained from specIal tables. (or the. prop ... ,' k /Ule total number or level 

lesle<i .. k + 1) 

The conl1dence IntervaJ 

Connula. 

Log m !; 2.1 S 

"'lhere log m "" log 

Slog m :::: d. of 

m 

d : the logarithm o( the constant raUo between ...... "" ... 1', ... '" 

f: I:l conslant value obtained (rom special tables {WeD. 

Es-perimellh.l deslgn 

Eighty 

flrst 

rats weJghtlng 90 lo 100 divided Inlo (our groups (20} for each 

as control. Second, thIrd and fourth glven \Jlancozcu orally through stol,I~t;h 

tube at of 1/10. 1 ;20. U40 of LOso respectJvely C\.vice weekJy. AU rats weight-
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ed \",~ekJy to maintain the dose constant all over the period of experiment. after 20 weeks the 

animals w': re sacrificed. blood were collected and serum were separated for biochemical detennl · 

naUon. Bone marrow were extracted frow the femurs and prepared for detection of chromosomal 

aben·allon . Liver, kJdney. spleen, and brain were preserved In buffered foonaHn for hlstopatho· 

logical changes. One gram of fresh livers were homogenized In 10% diStilled watel;' for delennlna

lion of DNA and RNA contents . 

·".'i ?chemical analys is : 

TIle activi ty of serum g:l.nuna -glulamyl transferase Gendler and Kaplan (1984). Serum alka

Hne phospatase (Kind and King. (19 54), the activity of aspartate amlnoLransferasc (Reitman 

and Frankel (19 57), seru l)1 glucose level Kaplan (1984). tota l 51 ' I 'urn bilirubIn (Jend.rasslk. and 

GroC (1938) . serum urea (Patton a.od Crouch (1977) and serum cholesterol were estimated 

(Naito and Kaplan (1984) , 

Chromosomal aberrations detection : 

Chromosomal aberrations sf.'ldy was pelformc(l according to the method of Choudhury 

et aI. (2004). 

Determination of Ueox";/Tibonuclelc acid (DNA) : 

LIver DNA con tents .",ere deten nlned co lounneUically by 01C diphenylamine procedure de

scrlbed by Dlsche and Svhwarz (1937) . 

DetermlnatloD of ribonucleic acid (RNA) : 

Liver RNA contents were measured calorimetrically using orcinol procedure deSCribed by 

Mejbam (1939). 

Cllllical signs and necropsy findings: 

ClJnlcal s igns were observed In poisoned rats Ulroughoul the expertmental period. AutopSies 

were perfomled In all rats and Ussues were examined . macroscopically and histopathologically. 

For histopa thological examination the tissues were fixed In 10 % neutral buffered fOflnatln and 

were processed for rouUnc histopa thologica l examination (Carson and Frelda. 1990). 
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ed ''',:ekJy Lo maIntain U1e dose constant all over (be period of experiment aIler 20 weeks the 

anImals were sacrificed. blood were coliected and serum were separated for biochemical detenni

naUon. Bone marrow were extracted rrolll the femtlrs and prepared for detecUon of chromosomal 

aben·atlon. Liver. kldney. spleen, and brain were preserved In buffered fonnalin for hlstopatho· 

loglcal changes. One gram of f.-esh livers were homogenized In J 0% dIstilled water for delennlna

lion of DNA and RNA contents. 

~',;, ~cllem.ica.l analysle : 

The aclMty of serum garuma-gluLamyl transferase Gecdler and Kaplan (1984). Serum alka

line [lhospalase (KInd and King, [1954), the activity of aspa\'late aminotransferase (Reitman 

and Frankel (1957). serum glucose level Kaplan (1984). lotal sc,'um bilirubIn (Jendrasslk and 

Gmf (l~38), serum urea (Patton and C<ouch (IIl77) and serum cholesterol were estimated 

(Naito and Kaplan (198401. 

Chromosomal abernollo[ls detection: 

Chromosomal aberrations silidy was perfonnecl accortllng to the method of Choudbw-y 

et al. (2004.). 

Determination of Deox:','T1bonuclelc acid (DNA) : 

Liver DNA contents were dete,',nined colounnelr1cally by the diphenylamine procedure de

scribed by Dlsche and Svhwarz (1937), 

Detennina tlon 0; ribonucleIc acid (RNA) : 

Liver RNA contents were measured calorimetrically usIng orcinol procedure descr1bed by 

Mejbam (1939), 

Cllnlcal sIgns and necropsy findings: 

CUnlcal signs were observed In poisoned rals 1I1roUghout the experimental period. AutopSies 

were performed In all rats and Ussues were examined, macroscopically and histopathologically. 

For histopaU)ological examination tl1e tissues were fixed In 10 % neutral buffered fOl .naUn and 

were processed for routine histopathological ex.amlnatlon (Carson and F<elda, 1990). 

Mansoura. Vet. Med. J. Vol. VIII, No.2. 2006 



Sleem. F. R. A.j ct al. .. 66 

Statistical analysis: 

Data obtained In this study were Subjected s taUsUcally anaJyzed for vaJiance (MOVA). and 

least slgnlflcant dl lTerence (LSD) as described by Snedecor and Cochran (1989). 

RESULTS 

Determination of LD50 of mancozeb : 

BlocbemlcaJ findings : 

'Regarding to the effect of mancozcb on y g1 utamyl transferase activity. all used doses of man

caleb 1/l0, 1/20 and 1/40 LOso ca used doses dependent s ignificant Increase in y glutamyl 

transferase activity . Both doses of 1/10 and 1/20 LD50 showed slgnJflcant Increase In serum al

kallne phospha tase activity a s compared to the control g.-oup. All doses of mnacozeb (1/10. 1/ 

20 and 1/ 40 LOso showed doses dependent significant Increase In serum aspartate aminatran~ 

(erase aCtivity as compared to Ute control group. AJI doses of mancozeb (l / 10. 1/ 20 and 1/ 40 

LOSO showed doses dependent sIgnificant Increase In serum urea level as compared to the con

trol grol.lp. All doses of maneozeb (1/10. 1/ 20 and 1/ 40 LD50 sho·· ,fed doses dependent Slt tlln

ca nt decrease In serum glucose level as compared to values of the control group. All dost's of 

mancozeb {1/ 10, 1/20 and 1/40 L0 50 showed dose dependent significant Increase serum cho

lesterol level a s compa red to values of the control group. AJI doses of mancozeb (1/10, 1/20 and 

1/40 L050 ~iloh·ed no !':.!gnlflcant changes tn serum biliru bin level as compared to the control 

group. All thi s results are SUllimanzed in table 2 . 

Chromosomal aberratioDs ! 

Chromosomal aben-aUons were a dos es dependent and showed slgnlflcantly increaSe In all 

doses of mancozeb (1/10, 1/ 20. 1/ 40 LDsol which appear In the fonn of fragments. gap. rin'! 

and sUcked chromosomes. This resnlts summarized In table 3. and fig. lA, B, C and D. 

Effect of mancozeb on nucleic acid (DNA and RNA) : 

Doses of mancozeb (l /l 0 and 1/20 L0501 showed significant Increase in quantity of RNA as 

compa red to the control group but there Is no slgnHica nt was observed between dose 1/40 LDSO 

and control. There were no sJgnlficant were observed In DNA of liver contents of all trea ted 

groups and control. The results are illustrated In Table 4 . 

Histopathological findings : 

Liver showed focal subcapsular coagulaUve necrosis Infiltrated with numerous leukocytes as 
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StatistIcal analysls: 

DaUi obtained In this study were subjected s taUsucally analyzed fo r v.il n a rlC.e (ANOVA). and 

leas t s lgn lfi canl di ffere nce (LSD) as described by 6ocdecor and Cochran (1989). 

RESULTS 

Deten:nwatlon of Woo Dfmancozeb : 

Blocbem.1ca1 findings : 

RegardIng to the effect of manc07;cb on)' glulD.myl trnnsfel<lse :l:CUVIty. all used dose."i of ma n

oozeb 1/ 10. 1/20 aud 1/40 LD50 caused doses dependenl Fi lgnlnca nllncrease In l' glutamyl 

transferase actiVity. Both d09C3 of 1/ 10 and 1/20 LD50 t:lhow('d slgnJflcant Increase In serum il l

kaline phosphatase activi ty as compared to the control group. Al l dose6 of mnacozeb (t / to . 1/ 

20 and 1/ 40 LDso s howed doses dependen t s ignifi cant hlcrcasc In serum aspartale a rrunotrom .. -

fe,-a !lr. activity as compared to the control grou p. All do-SC!'! or mancozcb (l I tO. I {20 and 1/40 

LDse showed doses dl-pendent s lgn lflcan t Iner~t>e III ~rum u r('a level as compared to the con· 

trol group. All doses of mancozcb (1/ 10. l / 20 :md 1/ 40 LDSO ISh(,..-cd doses dependen l Sit-,1m. 

can t decrcase In seru m glu cose level as compared to V:11ues of the con trol group. All dos,':; of 

lIIan n neb (i/ 10. 1/ 20 and 1/40 LD50 showed dose clepf'nden t s lgn Jncant Increase serum cho

les lerol level as compared to values of Ule conlrol group . All doses of !I1<.L neo7.eb (l/lO. 1120 and 

1/40 LDse ~lm .... ed no !O.lgn lflcant changes In serum bHlru bln level as compared to the con trol 

group. All O'i s re5u tls are sUiLImarized !n lable 2 . 

Chromosomal aberration. : 

Chromosomal aben'aUons were a doses dependent and ~howed Sign ifica ntly Increase In a ll 

dost:s of llUUlcozeb (1110. 1/20. 1/ 40 LDSoJ wh ich a ppear In the fann of fr.:lgmenls. gap. rl n~ 

and sUcked eli romosoJTles , Thts re-snlts summortzed In table 3 . and fig . I A. B. C and O. 

Effect of mancozeh 00 nudelc ac id (DNA aDd RNA) : 

Doses or rna Jlcozeb (1/10 and 1/20 LDsol showed slgnHka nl Increase In quanti ty of RNA ns 

(.'o mpared lo the control group but there Is no SI8JlI flcant was ob~rved u.:tween dose 1/40 LOso 
and con trol. There were no ."Ignlncan t were observed In DNA of liver con tents or a ll lrea ted 

groups and conlrol. The r~sults arc illustrated [n Tnble 4. 

Hilitopatbological fiadings : 

Uver showed roca l subcapsular coagulaU'/C necrosIs Infiltra ted wl Ul numerous 1cUMOcytCS as 
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mononuclear cells and ~!ant cel ls. Hyperplasia of eplilieliaJ linln~ of bile ductules besides newly 

formed bile ductule,,: surrounded with few mononuclear cells anti I1broblasts In the portal area 

and the adjacent hepatocytes shOwed apoptosls. Congestion of the portal blood vessels su r

rounded with mononuclear cells and large ve:;lcular nuclei and U1e adjacent hepatocytes showed 

pressure atrophy necrosis at dose of 1/ 10 and 1/20 LDsO of mancozeb LI ..... er showed congesUon 

of thc hepaUc blooo vessels and he patic slnusoJ(h, WIUI mononuclear ce ll InOitralion at dose of 

1/40 LDSO of mancozeb. 'llliS result Illustrated In ng. 2A. Band C. Brain s howed hemorrah<lglc 

congesUon and focal encephaiomalcla a t doses of 1/10 and 1/20 LDso of maneozeb But group 

3 Intubated ,vith 1/40 LDso of ma ncozeb showing congesUon. l1-ds resull Illustrated In ng. 20. 

Kidney showed congestion of the corucal blood ..... essels beSides focal coagultal ..... c necrOSiS of some 

l'enal tubules at dose of 1/ 10 and l/20 LD50 of monco'leb Kidney showed congestion of renal 

blood vessels at dose of 1/40 LDso of lIlancozeb. This result illustrated In ng. 3A and B. Splcen 

s howed moderate depletion of lymphocytes from while pulp besides numerous slderocyles and 

conges uon In red pulp at doses of 1/ 10 and 1/20 LOso or mancozeb. But group 3 Intubated 

WIUI 1/40 LOSO of mancozcb s howed mild depletion of IYlllphc;:ytes from white puJp beSides COIl

gesuon of the red pulp This result Illustrated In ng. 3C and O. 

DISCUSSION 

TIlerc is a wldc raniic varlation of lhe oral LOBO of mancozeb In rats In many rescarcht:::i. for 

this reason we detcl',l1lned LD50 berore starting the c:'.xpermlntal study. The presenl study Invl:-;

ligated the oral m...:dlan letlwl dose (L05o' of mancozeb In male albino rats was 2143.6 mgl kg. 

B. w. which dlsa&I'J'CC wt Ul Ivanova :and Chemishanka (1969) who reported that oral LOSO In 

male rats was 14000 mg/l<g 8.w. and In female rats 12000 mg/kg b.w. And also disagreed willi 

Watts and Cban (1984) who detennined the median lethal dose of maneozeb adrrunlstered oral

ly to male mouse. rat. and rabbit, tile dose was recorded more than 5000 mg/kg. B. W. Cbap

man (1996) reported that LO SO of maneozeb In futs was 5000 mg/K.g. 8 . W. The oral LD50 In 

fat was acceptable and attributed Ule difference due to different strains of rat .. 

Chromosomal aberrations were dose dependent \viUl (1/10. 1120 and 1/40 of LDso) and 

were In the form of fragments. gap. ring and sUcked chromosomes. Slgnlncant Increase In Ule 

frequ encies of cells with structural chromosomal aberra tions and sister-chromatid exchanges In 

s hort-tenn culture of peripheral lymphocyte of workers occupationally exposed to mancozeb dur

Ing Its producllon (Jablonlcka et aI. 1989) . Dlthane caused genotoxlc effect of bone marrow 

cells of male a1blno mice Gautam and Kapoor 1991. The chromosomal aberra llons observed 

were fragments. rings. dleentrlc chromosomes. temlinal chromalld delelloos. chromaUd gaps 
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mononuclear cells and filant cells. Hyperplasia of epithelial IInlnr, of bile ductules besIdes newly 

formed bllc ductule"; surrounded with few mononuclear cclls <lnd flbroblasts In thc ponal area 

and the adjacent ilepatocyles showed aportasls. Congesllon of Ule portal blood vessels sur

rounded with mO[lOnllclear celis and lar)(e v",;jcular nuclei and the adjacent hepatocytes showed 

pressure atrophy necrosis at dose of 1/10 and J /20 lOso of mancozeb Liver showed congesUon 

of the hepaUc blood vessels and llcpatlc slnusolci~ wlU, mononuclear cell InOltraLlon at dose of 

1/40 LD50 of mancozeb_ This result Illustrated In flg. 2A, Band C. Brain showed hemorrahaglc 

congesUon and focal encephalomalcla at doses of 1/10 and 1/20 lOso of mancozeb Bul group 

3 Intubaled .v1th ) /40 L050 of mancozeb showtng congesuoll_ This resull Illustrated In ng. 20. 

lOoney showed congestion of U,e corUcal blood vesscls hesldes focal coagultalvc necrosis of some 

"enal tubules at dose of 1/10 and 1/20 LDso of manc02cb Kidney showell congestion of renal 

blood vessels at dose of 1/40 LOso of mancozeb. Tills rcsult illustrated In ng. 3A and B, Spleen 

showed moderate depleLion of Iynlphocytes from wl1llc pulp besides numerous slderocyles and 

congesUorJ In red pulp at doses of 1/10 and 1/20 LDSO of mancozeb. But group 3 Intubated 

wltl> 1/40 LDSO of mancozeb showed mild dcpletlon of lymplJuytes from white pulp besides COll

gesLion of the red pulp ThIs result JIlustrated In ng. 3C and D. 

DISCUSSION 

There Is a wJdc mnte varia lion of llle oral LOGO of mancozeb In rats In many researches. for 

this reason we deter.nlned LDso berm'" starUng the expelmlntal study. The present study Inve> 

ligated iJ,e oral mdla!! letbal dose ([~0501 of mancozeb In male albino rats was 2143,6 109/ kg. 

B. W. whlcll disagree wJth Ivanova aDd Chemlshanka (11)69) wl,o reported that oral lD50 In 

male rats was 14000 mg/l(g B.w. and In ferna)e rats 12000 eng/kg b.w. And also disagreed with 

Watts and Cban (1984) who determined the median lethal dose of mancozeb admlnlstered oral

ly to male mouse, rat. and rabbit, Ule dose was recorded more than 5000 rng/kg. B. W. Chap

man (1996) reported that LD50 of mancozeb In rals was 5000 mg/K.g. B. W _ The oral lDso In 

rat was acceptable and attributed tile difference due to dlrrerent straIns of rat .. 

Chromosomal aberraUons were dose dependenl WIUI (1/ I 0, ) /20 and J /40 of LOso) and 

were In the form of fragments. gap, ring and sUcked chromosomes. Slgnlflcant Increase In Ule 

frequencies of cells wtth structural chromosomal aberraUons and slster-chromaUd exchanges In 

short-term culture of peripheral Iympbocyte of workers oecupaUonally exposed to mancozeb dur

Ing Its producUon (Jablonlcka et al. 1969) . Dilhane caused genotoxlc e!Teet of bone marrow 

cells of male albIno mice Gautam and Kapoor 1991. The chromosomal abeITaLiorJs observed 

were rragrnents, rings. dlcentrlc chromosomes. tem.inal chromatid deleUo!!s, cllromaUd gaps 
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and breaks. In addition to these chromosomal aberrations. phys iologica l effects such as uneven 

stretching of chromatin materta l. end ·to-end chromosomal associations. exchange configura

tions, clumping. stickiness and centromeric associations were also observed (Gautam and Ka· 

poor 1991. Solonesk1 e t a1 2002 s tudied the mutagenicity of both zlneb and azzurro In Chi

nese hamsler ovary cells. Concentrations of 0.1-25.0 m!crog/ml of zlneb or azzurro induced a 

significant dose·dependent Increase In sister chromatid eXChange frequency over control values. 

The mutagenic effect of mancozcb In two strains of salmonella typhlmurtum was recorded 

(Shukla et a1 2004) a nd postulated that the true mutagenic potential of mancozeb may be 

masked by Its toxJc en-ecL. Vasudev and Krlshnamurthy (1994) Investigated the cytogenelcity of 

both Dlthane fy'f ·45 and Baygon In mice, neither pesticide Induced a significant Increase In the 

number of chromosomal aberrations In gl'nn cells or In the percentage of erythrocytes micronu

cleI, In addition to these reports which Indlcatf"d the mutageniCity of mancozeb. other reports In

dicated the direct damage effects of mancozeb on both DNA and RNA which consutule the basic 

s tructure of chromosomes. Nlcolau (1982) found that when rats exposed to mancozeb with a 

dose of LOO ppm/day. the circadian rhythms of RNA. DNA and proteins in the thyroid and ad

renal slightly affected but was statistIcally significant and also the tes ticular RNA rhythm shows 

mulUple peaks. Perocco et al. (1989) studied the loxJc and DNA·damaglng activities of the fun

gicides mancozeb and thlram on human lymphocytes cultured In vitro with or wtthout an 5-9 

mlx microsomal mctabolLzlng system. G"pta and M~hrotra (1992) s tudied the effect of manco

zeb on mouse skJn ornithine decarboxylase acUvity and DNA syn theSis. Ornithine decarboxyla~p" 

acUvlty was exhlblted a peak level at 5 'hours but when cycloheXlmde was used. an Inhibitor of 

protein synthesis. ornithine aecarboxylase Induction was Inhibited. The rate of DNA synthesis 

also Increased by mancozeb. as Indicated by thymidine [3HJ In coroporaUon into skJn DNA. In

ducUon of ornithine decarboxylase DNA synthesis was among the events probably Involved In tu

mOrigenic action of mancozeb in mouse skJn . 

YAO d aI. (2004) found highly poslUve correlation between total CCT activity and the total 

RNA level of rats liver. The observed slgntflcant Increase of quantity of DNA and RNA due to 

mancozeb administration atlrtbuted to genotoXlclty of mancozeb. CalvieUo et aI. (2006) studied 

DNA damage and apoptos lS Induction by Mancozeb In fibroblasts cultured In vitro and In pertph· 

eral blood mononucleated cells Isolated from Wistar rats. 

The results obtained (rom the present s tudy revealed that chromosomal aberra tions when 

rats exposed to mancoz.eb for twenty weeks. also RNA contents In the liver was affected and 

a poplosls In the hepatocytes In addition to alteration of liver function enzymes especially gamma 

glytamyl lransferse activity. KovaJszky ct aI. (1996) and Lopez et aL (1996) showed that the 

Induction of gamma glytamyl transferse 10 altered hepatocytes may permit these cells to utilize 
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and breaks. in addition to these chromosomal aberratlons. physlologlcal effects SUCh as uneven 

stretchIng of chromatln material. end-lo-end chromosomal associations. exchange configura

tJons. clumping. sUcklness and centromeric associations were aJ~o observed (Gautaro and Ka· 

poor 1991. Solonesld et aJ 2002 studied the mutagenicity of both zlneb and azzurro In Chi

nese hamMer ovary cells. Conu:nrrations of 0.1-25.0 mJcrog/ml of zclneb or a:z.zurro induced a 

Significant dose-dependent Increase In sister chromalld exchange frequency over control values. 

The mutagenIC effect of mancozeb In two strains of salmOnella typhlmurium was reconded 

(Shul<la et al 2004) and poslulated that the true mutageniC polenlJal of mancozeb may be 

masked by Its toxic elTect. Vasude', and Krlshnamurthy (1994) Investigated the cytogenelclly of 

both Dlthane M-45 and Baygon In mIce. neither pesticide Induced a slgnlflcant increase In the 

number of chromosomal aberrations In g"lm cells or In the percentage of erythrocytes micronu

cleI. in addition 10 these reports which Indlcail'd the mutagenICity of mancozeb. other reports In

dicated U,e dJrect damage efTecls of mancozeb on both DNA aJld RNA which constitute the basic 

struclure of chromosomes. Nlcolau (1982] found that when rats exposed Lo mancozeb with a 

dose of 100 ppm/day. the circadian rhythms of RNA. DNA and proteins In the thyroid and ad

renal slightly aITecled but was staUstJcally slgnlflcanl and also the testicular RNA rhythm shows 

mulUple peaks. Pemcco et aI. (1989) sludled the toxic and DNA· damaging acUvltJes of the fun

glcldes mancozeb and thlram on human lymphocytes cultured In vUro w-tlll or without an S-9 

mlx microsomal metaboliZing system. Gupta and Mehmtra (1992) studied the elTect of manco

zeb on mouse skin omlthine decarboxylase activity and DNA synthesis, OrnithIne dec3(bo>-yla'p 

acUvlty was exhIbited a peak level at 5·hoUfS buL when cyc1011exlmde was used. an inhIbItor of 

protein synthesis. ornithine aecarboxylase Induction was Inhibited. TIle rale of DNA syntheSiS 

also Incrcased by mancozeb. as IndIcated by thymIdIne 13Hl In coroporatlon Into skJn DNA. In

ducllon of ornithine decarboxvlase DNA synthesis was among the events probably Involved In tu

morigenic action of mancozcb In mouse skIn. 

YAO et al. (2004) found hlgbly poslUve correlation between tolal GCT actiVity and the total 

RNA level of rats liver. The observed slgnlficant Increase of quantity of DNA and RNA due to 

mancozeb admJnJslraUon altrlbuled to genotoXlclty of mancozeb. Calvieilo et al. (2008J studied 

DNA damage and apoptosls lnductJon by Mancozeb In Obroblasts cultured In vitro and In periph

eral blood mononudealed cells Isolated from Wistar rats. 

The results obtained [rom the present study revealed that chromosomal aberrauons when 

rats exposed to mancozeb for twenty weeks, al60 RNA contents In the liver was aJTected and 

apoptosls 10 the hepalocytes In addlUon to alteraUon of liver funcUon enzymes especially gam rna 

glytamyl lransferse activlly. Kovalszky et al. (1996) and Lopez et aL (1996) showed thal tile 

InducUon of gamma glytamyl transferse In altered hepatocytes may permit these ceUs to utlll7.e 
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extracellular glut.a thione to prcsel\l€ their Internal p;lutathlonc levels. GJutaUl lone S- trans fcrase 

InducUon allows glutathione utilizaUon for the prolecUon 0, tht: altered hepa tocyte after expo· 

sure to xenobloUcs. s uch as promoUng agen ts. TIl us, Ule combln(!d effects of gamma glyta myl 

transfersc and Glutath ione S·lransferase. In a toxic environment. m:ly provide [or tile enhanced 

prolireraUon observed In pre neoplasUc hcpatocytcs (Hendrich and Pitot 1987). 

Also Yao et a1. (2004) found lhal fetal llver-type ga mma gJytamyl transferse In SUa ~lOd tile: 

liver of rat::; is closely related to hepatolu morlgencs ls. It can be used as a sensi tive enzymatic 

marl,cr for the early df;].gnosis of liver cancer. The ObSClvcd Increase tn gamma glylamyl tran -. · 

ferse activity could be attribu ted to ch ronic subletha l exposure and need for add itional detoxUl

cation mechanism ::is mancozcb dccreased detoxicating capacIty of liver (Szepvolgyl et al. 

1989). The oxida tive effect of lTIa ncozcb suggest that Its prooxfdant acUol1 Illay be Involved In the 

proapoptotlc effect exerted by th is compound In ra t cells. Il a ppears possible that Ule observed 

oxida Uve and genotoxJc damage may he Involved In the pa.thogenesls of various pathologies asso

cia ted with the chronic exposure lo mancozeb. IncludIng cancer (Calv icllo et al 2006). 

According lo the previous rcports and present s ludy . mancozeb has direct effects on the cells 

either the cell u lar membrane. cytoplasm and nucleus which detec ted In hlstopathloglca l changes 

as especially vesicular nuclcl. DNA and RNA and cO:!used chromosomal aben-aUons which lead to 

mutagenici ty and a poplosis. All these changes could be conSidered the pre steps for cancer for

mation. 11le absence of cancer formation in the prescnt s tudy mainly attrtbu ted to s hort period 

of exposure and sma ll doses usprl In add ition to low number of doses admin is tered (two doses 

weckJy). Tile biochemical and histopa thological changes of mancozeb \Vere a. lso cited on the cells 

by Kackar et al (1999) who found that mancozeb produced significant changes In Lhe enzyme 

acUvlties of aspartate aminotransferase. alanine aminotransferase. alkaline phosphata::,·.I::. lactate 

dehycirogenase <And <.lCet,;'lcholinesterase throughout the period of study In a dose dependent 

manner. The alte rations in the acUvit"y of enzyHles aSSOCiated with pathomorphological changes 

suggest that the chronic exposure of mancozeb produced s ignificant toxicological effects In rats. 

The slight biochemical and histopathological changes In the present s tudy ma inly attributed to 

the small doses used a nd the time between the two successive doses adm!nlstraUon whlcll give 

cha nce of a nimal to tolerated and detmdOcated of Ule most ma(lcozeb . 

The main conclus ions of (his s tudy is Ulat mancozeb has cytotoxJc effects which m<lnlfested 

either by histopathological or biochemical changes. In addition to deleterious effects on nucleus 

which lead to chromosomal aberration and apoptosls. a ll Ulese changes may lead to mutagenesis 

and probable carcinogeniC effects whic h require extensive s tudies since the mancozeb Is widely 

used as effective fungicides ellher In <.lgrlc ulturc field or as fresh food preservative.r • . 
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extracellular glulathione to preseI'Ve lhelr Inlernal p;lutathlone levels. GlulD.Ullone S-transfcrase 

InduclJon al~ows glutathione utlllzation for lite protection 0; the altered hepatocyte after expo

sure 10 xenobloUcs. such as promoting agcnLs. 111US. Ule combined effects of gamma glytamyl 

transfersc and Glutathione S·b:aosferase. In a toxLc environment. may provide for lile enhanced 

prollferaLJon observed in pre neoplaStic ilepatocytes (Hendrlcll and Pitot 1ge7). 

Also Yao ct at. (2004) found that felal liver-type gamma glytamyl lransfersc III ~Ha cmd lilt: 

liver of ratiS Is clo~cl)' related 10 hep;J.Lotumorlgencsls. 1t can be used 8S a sens\livc enzymatic 

marker (or the early cllagnu:,i,. o[ liver CF.lnCCI·, Tile o\)~et'Ved inCrE'C\"I' in gamma glytam\'l tran';. 

ferse acllv,t'i could l>e attributc.d 10 chronic sublethal exp,.,,,,,_ and need for addltlonal detoxJO

caUon mecl\30Is(Yj as rnancm;r.!) uccrcascd detOxicating; CapaCIty of liver (Szepvolgyi et aL 

1989), TIle oxidative dfect o[ m:rnco'/.ci) suggest Ulat IlG prooxJdant actlon may be Involved In the 

proapoptoUc effect eXerted by 'i;i-, compound In rat cells, It appears possible that (he observed 

oxidallve and genotoxle da['[l ~ilc )113Y he Involved In tho. pathogcnesls o[vnrlous pathologtes asso

ciated \VHlI the chronIc exposure to mancozeb. includIng cancer (Cal'(f}eUo et al 2006). 

According to the previous ['eports and present study. mnnco'leb ha5 direct effects on the cells 

either the cellular membrane, cytoplasm and nllcleus which detected in hlstopathJoglcal change8 

as especially Vf~lcula\' nuclei. DNA and RNA and caused ci1fomosomal abenatlolls whlcb lead lo 

mutagenicity and apoptosis. All these changes could be considered the pre sleps for cancer for

maUon. ll)e absence of cancel' formaUon tn Ule present sludy mainly attributed to short period 

of exposure and small doses userl In addlUon t.o low number of doses administered (two doses 

weekly). l'iJe biochemical and hlslop~thologlcal cllanges of manco'leb were also cited on Ule cells 

by Kackar et al (1999) who round that mancozeb produced slgnlncant chaJJges In the enzyme 

aCUvlUes or aspartate amlnotransfeTilse. alanIne aminotransferase. alkal(ltp. plwsphalac.:.·, lactate 

dehydrogenase aod acetylcholinesterase throughout Ulc period of study In a dose dependent 

manner. "nle alleraUons In tIle activity of enzy,nes associated with palhomorphological changes 

suggest thaI the chronic exposure of manco'leb produced slgnlDcant toxleological effects In rals. 

The slight biochemical and histopathological changes In the present study mainly attributed to 

U,e small doses used and the time Ilelween the two successive doses administration whlclJ give 

chance of animal to tolerated and deloxlflealed of the most mo.neozcb. 

The main conclusions Df this sludy Is Ulat mancozeb has cytotoxic en'eets which manifested 

either by 1)Islopalhologicai or bloclleDlleal challges, In addlUon to deleterious effects on nucleus 

whleh lead to chromosomal aberration and apoptosls. all Ulese changes may lead to mutagenesl~ 

and probable carCinogenic effects which reqUire extensive sludles since iJ)e mancozeb Is widely 

used as effecUve fungiCides elUler In ngriculturc neld Or as rresh food preservative" .. 
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T~l.>l e r . Resul ts o r r .oso Orlll~ IlC07.el.> ill ~rbi ll o rat. 
. 

Group No. of rDts /group Dose (mgIKg. No. of mortal ities 

aW l 
I 5 0 0 

2 5 1000 0 

3 5 2000 2 

4 5 4000 5 

5 5 8000 5 

Table 2. Serum biochemical changes due to the effect of mancozeb on 

albino rat with different doses for 20 weeks (Mean ± SE). 

r.s\ 
SOT..., ALP AST (uII) UREA BlucQMI cholOOlervl bilirubin 

( .. ' 100 mJ) (ruw'dl) (mr/dl ) (mgld l) (m6"/_) 
Croup' 

17. 16 89.46 66.33 31.76" 19.86' 73..46 12.76 
COatrol 1:.0.98 : 1,09 1:. 3. \ 5 1:. 1.01 *2.27 * 4.78 ::tOJ6 

45.33' 107.83' 116.5 48.33' 39.116" 103.8'" 13.66 
1110 of l.Dn :i: 2.46 :2.61 : 4.75 *2.28 :i: 1.1 5 *6.65 *0.38 

,,- o 102' 108.16' 43.JJ" 30.38 98.6 !J.l)' 
InoafLD .. * 1.02 %5.20 :i:4.69 :i:2 .64 ±O.54 "= 3.2t! "=0.69 

31 6666" 93.33' 42.66 30 84.83 11.5 
1'''0 of I..D,. *1.56 ±4.83 :i: 3.20 :1 .50 *1.62 "= 3. 13 20.39 

Means In Ine same column haVing the same superscnpls were not signi ficant ly 
dilTerent (p > 0.05) 

'10 
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Tltble , . Results of r .1)so ofnHlIlcozeb in albino rat. 

Group No. of rats /group Dose (mgIKg. No. of mortaliiles 

B.W.) 

I 5 0 0 

2 5 1000 0 

3 5 2000 2 

4 5 4000 5 

5 5 8000 5 

Table 2. Serum biochemical changes due to the effect of mancozeb on 

albino rat with different doses for 20 weeks (Mean ± SE). 

h 
bGT u/I ALP AST (uIl) UREA BI~ chdlC1laol bilirubin 

(u.'100 mJ) ("'Wdll ~rnydl ) ("'Udl) (mll%) 

Group.! 

11.16'- 89.46G 66.33° 31.76° 79.86· I 1).'16' 12.76.0 
Cooocl :1:.0.% ± ).09 :I:. 3.15 ± 1.01 ±2.27 ::t 4.78 :to.16 

45 .. B' [07.8J' 116.S" 48.33' 3<], I 16'" ' IO).S" 13.66· 
1110 III LDlo 

: 
± '2.46 ± 2.6\ :t: 4,75 ± 2.28 ± U5 ::1: 6.65 ± 0.38 

41' ) 02" 108.16' 43.33'" 30.38" 98.61b I J.D' 
1/2.0 I>f L~. 

± 1.02 ±5.20 ±4.69 ±2.6<I ±O.S4 ± 128 '* 0.69 
310 666ff ~3.:n· 42.66» 30" 84.S3'" I' ,S" 

\J.jO c>[ J.J)y. 
:t, J.56 ±4.83 :t. 3.20 ~I.SO ~ 1.62 ± 3.1] :!:O.39 

Means In the ~a.me column haVIng !.he same superscnpls were not significantly 
diLTerent (p > 0.05) 

lD 

J 
! 
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Table 3. Chromosomal aberrations induced in bone marrow cells of 
albino rat given different doses ofmancozeb for 20 weeks 

CnlU(lI Number or No. or Struc tural Aberrations Numerical 

l!Xa minc/J Abcrr:Jn l Aberrations 

cells cells F ragment Cap Ring Stick (polyploicJy) 

ConlJo\ 100 2 0 0 0 2 0 

1110 W !oO 100 19 9 3 3 6 0 

1120 LOw 100 II 6 3 I 5 0 

1/40 LD~ 100 8 4 I 0 3 0 

Table 4. Effects of ditrerent doses of ,nancozeb on DNA and RNA 
contents of rat liver mglg. wet tissues (means ± SE) 

~ Control lllO LD", lI20 LD", 1140 LOs<> 
Paramete 

DNA 15.875' 16.875' 16.125' 16' 
± 0.32 ± 0.27 ± 0.48 ±0.40 

RNA 7.125' 8.50' 8.25' 7.25" 
± 0275 ± 0.15 ± 0.153 ±0.46 

Means In the same column having the same supe rscnpts were not Slgmficanll:v dlfferenl 
(p> 0.051. 
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Table 3. Chromosomal abcrratious induced in bone marrow cells of 
albino rat given diHcrent dos~s ofmancozeb for 20 weeks 

Croup~ Nltlll Oel' uf No. of Structural Aberrations Num~ri,.1 

e};nmio~d Abcrrnat Aberrations 

eelh ceUs Fragment G ap RIng Slick (poI)' P l(JicJy) 

-
Control 100 2 0 0 0 2 0 

IflO LO~ I IX> 19 9 3 3 6 0 

1/20LDYJ 1(1) II 6 3 I 5 0 

l/40 LD~ 100 8 4 1 0 3 0 

Table 4. Effects of diherent doses of, oancOleb on DN A and RNA 
contents of ralliver mglg. ,vel tissues (means ± SE) 

~PS Control 1110 Luso 1/20 LDso 1/40 LDs() ~ 
Paramete~ 

DNA 15.87Y 16.875" 16.125;1 16' 
± 0.32 ± 0.27 ± 0.48 :to.4D 

RNA 7.1251> 8.50· 8.25 1 /,25° 
:I: 0.275 ± 0.15 ± 0. 153 ±0.46 

N(ea.ns in the sarr ... e column having Ike same superscripts IN-ere M( significantl~ di fferenl 

(p > 0.05), 
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Fig. (1): Bone marrO'.<, cells of rats In metaphase spreading administered of mancozeb for 20 
weeks v.rjth a showtng (A): Ring (dosage of 1/10 LDSol . (8): gap and sUcked (dosage of 1/ 
10 L050). (e), rragment (dosage or. 1 fI 0 L050). (0) : RIng (dosage or 1{20 L050). 
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Fig. (1): Bone marro .. \ cells of rats In metaphase spreading administered of mancozeb for 20 

weeks v.1lh a showing (AJ : RIng (dosage of 1/10 LOsol . (8): gap and sUcked (dosage of l/ 
\0 LD5ol. (e) : fragment (dosage of, 1/10 LOsol . {DJ : Ring (dosage of 1/20 LD50)' 
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Fig. (2): {A}: secUon of Liver from rat treakd orally \VSth I /40 LD~O of m ancozeb showing conges

Uon of hepaUc blood vessels and hepatic slnusoids with mononuclear cell InftltraUon 

(H&E. x 520). (H): seCtion of Liver from rat treated orally with 1/10 LDSO of mancoteb 

showing hyperplasIa of the eplthelJal lining of bile ductules besides newly fonned bile 

ductules surrounded with few mononuclear cells and fibrob1asts In the portal area. The 

adjacent hepalocytes showed apoplosis (H&E. x 520). (e): Section of Liver from rat treat· 

ed orally with 1/ 10 LOso of mancozeb showing congesUon of the portal blood vessels 
surrounded with mononuclear cells and large vesicular nucleI. TIle adjacent hepalocytes 

showed pressure atrophy necrosis (H&E. x 520). (D): Section of brain from rat treated 
orally with 1/10 LD50 of mancozeb showing hemorrhage besides focal encephalomallcla 
(H&E, x 130), 
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Fig. {3J: (A): SecUon of kJdney from rat treated orally with 1/40 LDSO of mancozeb showing 
congestion of renal blood ves~els . encepha10malicla (H&E. x 130). (8): SecUon of kidney 
from rat treated orally with 1/10 LDSO of mancozeb s howing eongesUon of the corti
cal blood vessels besides degenerated renal tubules. (H&E. x 130). (e): SecUon or 
spleen from rat treated orally with 1/40 LDso of mancozeb showing mJld depleUon of 
lymphocytes from white pulp besides congestion of the red pulp. (H&E. x 130). (D): Sec
tion of spleen from rat treated orally wtth 1/10 LDso of maneozeb showtng moderate de
pletion of lympllOcy1.CS from white pulp besides numerous siderocytes In the red pulp. 
(H&E. x 130) . 
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