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ABSTRACT

The oral LDg, of mancozeb was determined. The obtained results showed that.
D5 of mancozed was 2143.6 mg/ kg. B. W. For studylng the chronlc cylotoxic ef-
Jfects. eighty male albtno rats welghting 90 L0 100 gm., were divlded into four groups
{20 for each). The first group used as control. Seconrl, third and fourth glven marncozeh
orally through stomach tube at doses of 1/10, 1/20, 1/40 of caleulated oral LDg, re-
spectively twice weekly. After 20 weeks the antnals were sacrificed, blood were col-
lected and sera were separated for blochemical determination. Bone marrow was ex-
tracted from the femurs and prepared for detectlon of chromosomal aberrations. Liver,
kidney. spleen, and braln were preserved in buffered formualin for histopathologilcal
changes. Onre gram of fresh Wers were homogenized in 10% dlistilled water for determl-
nation of DNA and RNA contents. All used doses of mancozeb caused doses depen-
dent significant (ncrease iny glutamyl transferase actvity . Both doses of 1/10 ard 1/
20 LDgp showed siynificant tncrease (n serum allicallne phosphalase uctivity. All dos-
es showed significant (ncrease in serum aspariate aminotransferase activity. All doses
showed dose dependent significant increase tn serum wrea level. All doses Showe:d
dose dependent significant decrease (n serumn glucose level. All doses showed dose
dependen! signtficant (ncrease in serwn cholesterol level. Mancozeb showed no signifi-
cant tn serumn blllrubin tevel. Chromosomal aberrations showed a dose dependent sig-
nificant increase which appear ln the form of fragments, gap. ring and sticked chromo-
somes. Doses of mancozeb (1/10and 1/20) LDgy) showed signiflcant Increase Ui
guantily of RNA, There (s no slignificant changes observed (n DNA of llver cantents of all
trealed groups and control. Histopathologlcal changes revealed that, liver showed jocal
subcapsudar coagulative necraosts (nfiltrated with numerous leukocytes as mononuclear
cells and glant cells. Hyperplasia of eplthellal lining of blle ductules besides newly
Jormed blle ductules surrounded with few mononuclear cells and fibroblasts in the por-
{al area and the adjacent hepatocyles showed apaptosts. Congestlon of the portal

blood vessels sumrounded wlh mononuclear cells and large vesicular nuclet and the

Mansoura, Vet. Med. J. (61 - 78) Vol. VI, No. 2, 2006



Sleem, F. R. A.; et al... 62

adjacent hepatocytes showed pressure atrophy. Brain shaowerl congestlon, hemorrah-
age and focal encephalomalcla. Kldney showed congestion of the cortical blood vessels
bestdes focal coagultalue necrosls of some renal tubules. Spleen showed moderate de-
pletion of lymphocytes from white pulp besides numerous siderocytes and congestion
{n red prlp.

The main conclusions of this study are mancozeb has chronic cytotoxic effects manl-
Jesled by elther histopathological or bicchemical changes in eddition to delelerious ef
Jects on nucleus as chromosomal aberrations and apoptosis. all these changes may
lead to mutogenesis and probable carcinogenesls which should be considered and
need extenslve studies stnce the mancozeb (s widely used effective funglcldes elther (n
agrwulture fleld or fresh food preservallves.

INTRODUCTION

The extenslve use of pesticldes and the risks they pose to humaut health and Lhe environment
are now the facus of the warid concern. All living crealure tested throughout the world arc pol-
luted with pesticldes such as birds, flsh, wild life, domestic anfimals. live stock and human belng
Including newborn bables (Moaes, 1992 and Davis, 1683).

The use of pesticides over Lhe past 50 years has been resulted [n Lhe pollution of the =oll, wa-
ter, plant. and anfmal species. This pollution has created a Jong lasting environmental problem
especlally the members of the organchlorine class of pesticides where they reslstanl w envlron-
mental degradatlion and have been labeled as persistent accumulator (Rought et al,, 1659).

Mansour (2004) showed thal Pesticldes have contributed to great Increases In crop ylelds and
in the quantlly and varety of the dlet. Also, they have helped to limlt the spread of certaln dis-
eases, but peslicides have harmful effects, they can cause Injury to human health as well as to
the environment. The range of Lthese adverse heallh effecls Includes acute and persistent [njury
to the nervous system, lung damage, injury to the reproductive organs. aad dysfunction of the

Immune and endocrine sysiems, birth defects. and cancer.

The use of pesticldes has been increased dramatleally in both developed and developing coun-
tries during the last few decades, with doubling every 10 years, between 1946 and 1885 about
600000 tons of pesticldes annually were exported and used In developlng countries. about
50000 tans of these were used for publlc health problems (Jan et al., 1997). Dithiocarbamates
are widely used as funglcldes because of thelr efficacy against a broad spectrum of fung( and
thelr associated plant diseases. Dithiocarbamates are also used In Industry as slimtcides in wa-
ter-cooling systems. in sugar. pulp, and paper manufacturing. and as vulcanization accelerators
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and antoldanl » (n rubber. .lccause of thetr chelatng properties, they are also used as scaven-
gers fn waste-w-aiur troatment. (Paul et al 1986).

Mancozeb is v-od Lo proinct mavy frull, vegetable, nut and fleld crops against a wide spec-
trum of diseases, including potato blight, leal spot. scab (on apples and pears) and rust [on ros-
es). It Is also used {or seed treatment of ¢otion, potatoes. ¢orn, safflower, sorghum, peanuts. io-
ymatoes, flax and cereal grains (Haves and Lavs 1990). Mancozeb has been classified as
urilikely to present acute hazard in nonnal use by the WHO Recommended Classification of Pes-
ticides by J{azard. when bhandled in accordance with instructions (WHO 1.992).

Mancozeb. Is one of the most commonly used funglcldes in commercial use for several dec-
ades. Nevertheless. up to novi, no adequate published experimental studles on the carclnogenle
ity of Mancozeb have been published. Because ol the tmportance of the compound and of the
number of people potentally exposed (workers engaged in the productlon and use of the fuogl-
clde, people living ln agricultural areas where the compound Is sprayed. and people consumlns
polluted products (Belpogg! et al 2002},

There are a wide range variation of oral LD50 of mancozeb which determined in rats [n many
researches which raaging from 5000 to 14000 mg/kg. B.W. (lvanova and Chemlshanka 1968,
Watts and Chan 1984 and Chapman 1666).

The aim of this study was evaluate the chronic cytooxlc effects of mancozeb in addltion to de-
tect the LDS0 due to a wide range vadation of oral LOS0 of mancezeb in rat.

MATERIALS AND METHODS

Pesticlde: Dithane M 43 WP (Mnacozeb). was Wndly obtalned from EL-Nasser Company of
Intermediate Chemjcals. Egypt.

Common name; maricozeb

Trade name. DithaneR M-45

Chemleal neme: Manganese ethylenc bis ( dithlocarbamate ) complex with zinc sallg
Chemlcal formula: (C4HgMnN,;Sy) x (C4HgN,S4Zn)

Molecular weight: 541.064

Experimental animala:

Male albino rats weighted from 90 o 100 gm obtained {rom experimental uolt. Faculty of vet-
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eodnary aedlelne, Zagazlg Unliversity. Animals were apparently clinical healthy and were hooused
In stalnless steel cages with wood shavings as bedding. Animals were accommodaling to labora-
tory condiUon [or two weeks before being experimented. Rats were maintalned on bajanced ra-
tlon of barley and dry mitk. Water and feed were glven ad bitium thcoughout the experimental
period.

Determination of mnedian lethal dose ( LDg()

Twenty {lve male alblno rals weighting 90 to 100 gm »wore randowly distibuted into five
groups for determination of median lethal dose [LD5p). The groups given fancozed at doses of
0. 1000. 2000. 4000. 8000 mg./Kg. B. W. respeclively ovally using stomach tube. The exper-
‘menlal animals were observed for 24 hours. The clinical &g, mortalities. and gross leslons
were recorded through the experimental perlod. The LDgq value was calculated according (o the
ruethod described by Well (1832) using the following formula:

log mealog D+d (k-1)/2+ df

Wherte m  median effectfve dose or expasure.

D = the lowest dose {ested.

d = Lhelogariliiva of the constant ratto between dosages levels.

[ constant value oulained from speclal tables, for the propes Kk (the total number of level
tested = k +1)

‘I'he confidence interval 93% was determuned according to the same melnhod using follovdn:;
formula.

Logm +2.179% log m

Where tog m = 10g LDgq

Slogm=d. 81

d : the 1ogarithm of the conswant ratlo between dosages levels

f: a constant value obtained from spectal lables (Wel), 1852)

Experivaental déslgn

Elghty male albino rats weighting 90 Lo 100 gm.. divided Inlo fouy groups (20) for each The
first group used as conlrol. Second. third and foucth given wrancozew orally through stoisach
tube at doses of 1/10. 1/20. 1/40 of calculated LDgq respectively twice weekly. Al rats weight-
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ed weekly lo malntain the dose constanl all gver the period of experiment. after 20 weeks the
animals wire sacriflced, blood were collecled and serum were separated (or biochemical determi-
nabion. Bone mamow were extracted [row the fermurs and prepaced lor detection of chromesomal
aberration. Liver, kldney. spleen, and brain were preserved In bulfered formalin for histopatho-
toglcal changes. One gram of fresh livers were homogenized in 10% distiled water for determina-
tion of DMNA and RNA contents.

wizcnemical analysle :

The actlvity of serum ganpna-glutainyl transferase Gendler and Kaplan (1884]), Serum alka-
line phospatase (Hind and King, (1954), the activity of aspartate aminolransferase [(Reitman
aad Frankel (1087}, serum glucose level Kaplan (1984), total scrum bllirubin (Jendrassik and
Grof (1838). serum ucea (Patton and Crouch (1877) and serum cholesterol were estimated
(Nalto and Raplan {(1884),

Chromaosomal aberratlons detaction :

Chromosomal aberratlons stiidy was perforrned according to the method of Choudhury
et al. (2004).

Determination of Deo ribonucleic acld (DNA) :

Liver DNA contents w~ere deternined colouwrmelrically by the diphenylamine procedure de-
scribed by Discke and Svhwarz (1837).

Determination of ribonuclele zcid (RNA) :

Liver RNA confents were measured calorimetrically using orcinol procedure described by
Mejbam (1939),

Clinlcal signs and necropsy findiags:

Ciinical slgns were observed in poisoned rats throughout the expertmental period. Autopsies
were performed in all rats and tUssues were examlned. roacroscoplically and histopathologically.
For histopathological examination the tissues were fixed In 10 % neutral buflfered formalin and
were processed for routlne histopathological examination (Carson and Frelda. 1990).
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Statistical analysis:
Data oblalned In this study were subjected statistcally analyzed for varfance (ANOVA), and
least significant difference (LSD) as described by Snedecor and Cochran (1989).

RESULTS
Determination of LDgg of mancozeb :
Blochemlical findings :

Regarding to the effect of mancozeb on y glutamyl transferase activity, all used doses of man-
cozeb 1/10, 1/20 and 1/40 LDgg caused doses dependent significant fncrease o y glutamyl
Lransicrase activity. Doth doscs of 1/10 and 1/20 LD5g showed significant Increase in serum al-
kaline phosphatase activity as compared Lo the control group. All doses of mnacozed (1/10, 1/
20 and 1/40 LDgg showed doses dependent significant increase In serum aspartate aminotrany-
ferase activily as compared to the control group. All doses of mancozeb (1/10, 1/20 and 1/40
LDgy showed doses dependent significant increase (n serum urea level as compared to Lhe con-
tro! group. All doses of mancozeb (1/10, 1/20 and 1/40 LDgq sho ved doses dependent signifl-
cant decrease In serum glucose level as compared Lo values of the control group. All doss of
mancozeb (1/10, 1/20 and 1/40 LDgg showed dose dependent signlficant increase serum cho-
lesterol level as compared Lo values of the control group. All doses of mancozeb (1/10, 1/20 and
1/40 LDgq sitowed no significant changes in serum biltrubin level as compared to the control
group. All this resulls are suiumarized in table 2.

Chromosomal aberrations :

Chromosemal aberrations were a doses dependent and showed slgnificantly increase In all
doses of mancozeb (1/10. 1/20, 1/40 LDsg) which appear In the form of fragments. gap, rin
and sticked chromosomes. This resnlts summarized in table 3. and fig. 1A, B, C and D.

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

Doses of mancozeb (1/10 and ) /20 LDgg) showed significant Increase in quantity of RNA as
compared Lo the control group but there Is no significant was observed between dose 1/40 LDgg
and conlrol. There were no significant were observed in DNA of liver conlents ol all (reated
groups and control. The results are illustrated In Table 4.

Histopathological findings :

Liver showed focal subcapsular coagulative necrosis Inflitrated with numerous leukocytes as
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mononuclear cells and glant cells. Hyperplasia of eplthellal ltning of bile ductules besides newly
formed bllc ductuies surrounded with few wmononuctear cclls and fbroblasts §n the povtal area
and the adjacent hepatocytes showed apoptosis. Congestlon of the portal blood vessels sur-
rounded with mononuclear cells and large vesilcular nuclel and the adjacent hepatocyles showed
pressure atrophy necrosis at dose of 1/10 and ] /20 LDgq of mnancozeb Liver showed congestion
of the hepatic blood vessels and hepatle sinusolds with tnononuclear cell Inflitratlon at dose of
1/40 LDgg of mancozeb. This result fllustrated In fig. 2A, B and C. Brain showed hemorrahagjc
coungestion and Jocal encephalomalcla at doses of 1/10 and 1/20 LDsgq of mancozeb But group
3 intubated with 1/40 LDsg of wancozeb showlng congestion. This resull {llustrated in fig. 2D.
Idaney showed congestlon of the cortical blood vesscls besldes [ocal coagultalve necrosls of some
renal tubules al dose of 1/10 and 1/20 LDgg of mancozchb Kidney showed congestion of renal
blood vessels at dose of 1/40 LDxgq ol mancozeb. This result illustrated In (1ig. 3A and B. Spleen
showed moderate depietion of lymiphocytes [rom whille pulp besides numerous slderocytes and
congesUon In ced pulp at doses of 1/10 and 1/20 LDgg ol mancozeb. Bul group 3 Intubaled
with 1/40 LDgg of mancozeb showed milg depletion of lymphciytes [rom white pulp besides con-
gestlon of Lhe red pulp This result fllustrated (n fig. 3C and D.

DISCUSSION

There 1s a wide ranpe varation of the oral LDgg of mancozeb fn rats in many researches, for
this reason we deterniined LDgq belove stacting the expermintal study. The present study loves-
tigated the oral median lethal dose (LDrp) of mancozeb [ male aiblno rats was 2143.6 ing/ kg.
B. W. which disagree with Ivanova and Chemishanka (1969) who reported that oral LDgg In
male rats was 14000 mg/kg B.w. and In female rats 12000 mg/kg b.w. And also dlsagreed with
Watts and Chan (1984) who determined the medlan lethal dose of mancozeb administered oral-
ly to male mouse, rat. and rabblt, the dose was recorded more than 5000 mg/kg. B. W. Chap-
man (198986) reporied that LDgg of mancozeb in rats was 5000 mg/K.g. B. W. The oral LD5q in
rat was acceptable and attributed the difference due to different strains of rat..

Chromosomal aberrations were dose dependent with (1/10, 1/20 and 1/40 of LDgg) and
were (n the form of fragments. gap, dng and sticked chromosomes. Significant Increase in the
requencles of cells with structural chromosomal aberrations and slster-chromatid exchanges In
short-term culture of perdpherat tymphocyte of workers occupallonally exposed to mancozeb dur-
ing lts production (Jablonlcka et al. 1889) . Dithane caused genotoxic eflect of bone marrow
cells of mate albino mice Gautam and Kapoor 1991. The chromosonmal aberratlons observed

were (ragments, rings. dicentric chromosomes. terminal chromatid deletons, chromatid gaps
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and breaks. In additon to these chromosomal aberrations, physlological cffects such as uneven
stretching of chromatin materal, end-to-end chromosomal assoclations. exchange configura-
tions, clumpling, stickiness and centromeric assoclations were also observed (Gautamm and Ka-
poor 1991. Soloneski et al 2002 studled the mutagenlclity of both zlneb and azzurro In Chl-
nese hamster ovary cells, Concentrations of 0.1-25.0 microg/mi of zingb or azzurro induced a
significant dose-dependent {ncrease In sister chromatd exchange frequency over controt values.
The mutagenic effect of mancozeb In two strains of salmonella typhimurium was recorded
(Shukla et al 2004} and poslulated that the true mutagensc polential of mancozeb may be
masked by Its toxic effect. Vasudev and Krishnamurthy (1984) Investigated the cytogenelcity of
both Dithane M-45 and Baygon In mlice. nelther pestcide Induced a significant Increase In the
number of chromosomal aberrations in germ cells or in the percentage of erythrocytes mlcronu-
clel. [n additlon to these reports which indlcaled the mutageniclty of mancozeb, other reports In-
dicated the dlcect damage eflects of mancozeb on both DNA and RNA which conastitule the baslc
struclure of chromosomes. Nicolau (198%2] found that when rats exposed to mancozeb with a
dose of 10O ppm/day. the clrcadian rhythms of RNA, DNA and proteins in the thyroid and ad-
renal slightly a(Tecled but was statstically signiilcant and also the testicular RNA rhythm shows
multiple peaks. Perocco et al, (1889) studled the toxic and DNA-damaglng aclivities of the Tun-
glcldes mancazeb and thiram on human lymphocytes cullured in vitro with or without an S-9
mlx microgomal metabollzing system. Gupta and Mehrotra (1992) studled the effect of manco-
zeb on mouse skin ornithine decarboxylase activity and DNA synthesls. Omlthine decarboxylase
actlvity was exhlalted a peak level at S:hours but when cycloheximde was used , an jnhibltor of
protein synthesls, ornithine cecarboxylage inductfon was Inhiblted. The rate of DNA synthesls
also Incercased by mancozeb, as Indlcated by thymidine [3R| In coroporation lnto skin DNA. In-
ducton of ormlithine decarboxvlase DNA synthesls was among the events probably involved In tu-

morjgenic action of mancozeb ln mouse skin .

YAO et al. (2004} found highly posilive correlation between total GGT activity and the total
RNA levet of rals liver., The observed significant increase of quantity of DNA and RNA due to
mancozeb administration attributed to genotoxicity of mancozeb. Calviello et al. (20086) studied
DNA damage and apoptosis Induction by Mancozeb In {ibroblasts cultured In vilro and {n periph-
eral blood mononucieated cells (solated [rom Wistar rats.

The resulls obtained from the present study revealed that chromosomal aberrations when
rats exposed to mancozeb for twenty weeks, also RNA contents In the llver was affected and
apoptosls in the hepatocytes In addltlon to alteration of llver function enzymes especlally gamma
glytamyl transferse activity. Kovalszky et al, (1996) and Lopez et al. (1996) showed that the
inductlon of gamma glytamy! transferse n altered hepatocytes may permlt these cells to utilize
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extracellular glutathione o preserve thelr internal flutathione levels. Gluiathione S-transferase
induction altows glutathione utflization for the protection oi the altered hepatlocyte after expo-
sure (0 xenoblotcs, such as promoting agents. Thus, the combined effects of gamma glytamyt
transferse and Clutathione S-transferase, In a toxlc environment. may pravide for the enhanced
proliferalion observed in pre neoplastic hepatoeytes (Hendrich and Pitot 1987).

Also Yao ¢t al. (2004) found that feta) llver-type gamma glytaruyl transfersce in sera and the
liver of rats Is closcly related to hepalotumorigencsts. It can be used as a sensitive cnzymatic
marker for the carly diagnosiz of liver eancer. The observed increase in gamma glylamyl trans-
ferse actlvity could Ire attributed 1o chronic sublethal expisiuy and need for additional detoxifl-
cation mechanlsm as mancezeh Jeercased deloxleating capaclty of Hver (Szepvolgyl et al
1889}, The oxidative clicct of muncozeh suggest that its prooxidant action may be Involved In the
proapoptotic effect exerted by (liis compound in rat cells. It appears possible that the observed
oxidative and genotoxde damagic may be involved in the pathogenesis of varlous pathotogles asse-
clated with the chronlc exposure Lo mancozeb. Including cancer {Calviello et al 20086).

According to the previous reperts and present study . mancozeb has direct effects on the cells
elthey the cellular imembranc. cytoplasm and nucleus which detected In histopathlogical changes
as especlally veslcular nuclel, DNA and RNA and caused chromosomal aberrations which lead (o
mulagenicity and apoptosis. All these ciranges could be considered the pre steps for cancer for-
maton. The absence of cancer formation 1n the present study mainly atirbuted to short period
of exposure and small doses used In addilion to low nurnber of doses administered (two doses
weekly). The blochemical and histopathologlcal changes of mancezeb were also cited on Lhe cells
by Kackar et al (1999) who ound that mancozeb produced slgnificant changes in the enzyme
activilies of aspartate aminotransferase. alanine aminotransferase, alkaline phosphataci. lactate
dehydrogenase und acetylcholinesterase throughout the period of study In a dose depcendent
manrer. The allerations n the activity of enzyiues associated with pathomorphological changes
suggest that the chironic exposure of mancozeb produced significant toxicologlcal effects {n rats.
The slight blochemleat and histopathological changes in the present study malnly attributed to
the small doses used and the time belween the two successive doses admlinistration whicl give

chance of anlmal Lo tolerated and detoxdflcated of the most mancozeD.

The rnaln conclusions of this study Is that mancozeb has cylotoxic eflects which manifested
¢lther by histopathological or biochemical ¢changes. In addltion to deletertous eftects on nucleus
whlch lead to chromosomal aberration and apoptosis, all Lthese changes may lead to mutagenesls
and probable carcinogenic effects which require extenslive studies since the mancozeb is widely
used as effective funglcides elther in agriculture fleld or as [resh food preservatlver.
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Table 1. Results of T.Dsy of mancozeb i albimo rat.

70

Group | No. of rats /group | Dose (mg/Kg. | No. of mortalifies
BW)
[ 5 0 0
2 5 1000 0
3 5 2000 2
4 5 4000 5
5 S 8000 b

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

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

Iramaduy
5GT w1 ALP AST (uAy | UREA glucass ehel adcrol bilinabia
(w100 ml) (agdl] | (mgdly | (masdn) (myeie)
Groups
i7.16° [89.46° &.31° 37178 | 1986 T 1346 11.76%
Coatrad +098 | £35.09 | 2315 |£1.00 |+2127 |=+478 £0.16
45.3)" 107.83* [ 116§ a8.33% | 39.116° [ 10088 11.68"
VIOlBu | 946 [x268 | +475 | £298 | 4((S | x64s £0.8
P _
e 107 108167 | 43,03 30.38% | 986® TNXE
VIOOTIDN |y 102 | 2520 | 4460 | 4264 | £05¢ | %318 2069
3 66 665 | 83.33% [ 4266 [ 30° I R KRS
WOOILDn | 4156 | ad83  [ad20 |30 | 0161 |=an .39

@ns in the same colurmn having the same guperscnpls were nof significantly
diferent (p > 0.05)
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Table 3. Chromosomal aberranons tinduced i bone marrow cells of
albino rat given ditferent doses of mancozeb {or 20 weeks

Groups | Number of | No. of Structural Aberrafions T Numericsl |
examioned Abcrrast Aberratioas
cells | ells Fragmest | Ggp | Ring [ Stick (polyploldy)

Contsol | 1OV 2 | 0 0 0 2 0

L0 LD ) 19 L 9 3 3 6 0

1720 LD 100 1 1 g 3 ) 5 0

1/40 LDy 100 R ‘ 3 1 0 3 0
~ ) |

Table 4. ERecls ol ditterent doses o nancozeb on DNA and RNA
contents of rat liver my/g. wel tissues (means + SE)

“~._ Groups T
Contral | 1/10 LDsy | 1/20 LDy | 1/40 LDs,
Paramete |
DNA 15.875" | 16.875° 16.125° 16"
+032 + 0.27 + 0.48 £0.40
RNA 7.125% | 8.50" 825 7.25°
£0275 | £0.15 +0.153 +0.46

Means in Ihe same column having (he same superscripls were not significantly difTerznt

(v > 0.05\.
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Pig. (1): Bone marron cells of rats In melaphase spreading administered of mancozeb for 20
weeks wilh a showing (A): Ring (Bosage of 1/)0 LDsg). (B): gap and sucked (dosage of |/
10 LDgp). (O): fragment (dusage of 1 /10 LDgg). (D) RIng (dosage 6f 1/20 LDgy).
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Fig. (2]): (A} section of Liver from rat trealed orally with 1 /40 LDgq of mancozeb showing conges-
Uon of hepatlc blood vessels and hepatic sinusolds with mononuclear cell inflitmUon
(HEE, x 5200, (B): section of Liver from rat trealed orally with 1/10 LDgg of mantozeb
showing hyperplasia of the eplthelial lining of Bie duclotes besides newly formed blle
ductules surmounded with few mononuclear celis and Moroblasts in the portal aren. The
adjacent hepatocyies showed apoptoals [H&E. x 520]. (C): Sccllon of Liver from rat Lreal-
ed orally with 1/10 LDgq of mancozeb showing caongesilon of the porial blood vessels
surreunded with monenuclear cells and large vestcular nuclel, The adjacenl hepalocytes
showed pressure atrophy necrosls (H&E. x 5200 (D) Secton of braln from ral brealed
orally with 1 /10 LDy of mancozebr showing hemorrhage besides focal encephalomalleia
(H&E. x 1300
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Fig. {3k [A): Section of kidney from ral reated orally with | /40 LDy of mancozeb showing
congestion of renal blood vessels. encephalomalicia (H&E. x 130). (B): Secton of kidney
from ral Ueated orally with 1710 LDgy of mancazeb showing congesuon of the cor-
cal blood vessels pesides degenerated renal tubules . (H&E x 1301 (Ck Sccuon of
spleen from ral Lrealed orally with 1/40 LDgg of mancozeb showing mild depletion of
tymphocytes from white pulp besides congestion of the red pulp. (H&E x 130). (D): Sec-
don of spleen rom rat trealed orally with 1/10 LDgy of mancozel showing moderile de-
pletion of ymphocyirs from while pulp besides numerous siderocyles In the red pulp
H&E. x 1300
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