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ABSTRACT 

To evaluate tile role of zInc as anfJoXldant against the oXldaUve s tress induced by 

cadmium and chromIum. forty two adult male albino rats were diVided Into seven 

groups which treated dally for 4S days. First group used as control, seconed group 

received 4.4 mg/kg B. wt CdC12 by stomach tube, third group received 2.5 mg/kg 

8 . wt sodium dIchromate by stom ach lube, fourth group receiVed 4.4 mg/kg 8. wt 

CdC12 and 2.5 mglkg B. wt sodium dichrofDate by stomach tube, flfth group received 

4.4 mg/kg 8 . wi CdCJ2 by s tomach l ube and ZnCJ2 300 mglL drInkIng water, sixth 

group received 2. S mg/kg 8 . wt sodium dichromate by stomach tube fwd ZnCl2 300 

mgl L drlnkJng water, seventh group received 4.4 mg/ kg 8.wt CdCl2 and 2.5 mg/kg 

8 . wt sodIum dlciJromate by stomach tube and ZnCl2 300 mg/L drinking water. The 

results revealed that the treatment with cadmium and chromIum lead (0 marked In­

crease in UJe level of IlpJd p eroxtdaUon (expressed by MDA level), actiVities of hepatic 

marker enzymes (AST and ALT) and urea and creatinJne concentrations, also lead to 

decrease in the activities of an(laYldant enzymes (SOD, CAT and GPx) and the level of 

GSH. Histopathological e.xamJnation revealed degeneralJve and necrolJc changes Ul 

llver and kidney. Treatment wIth zinc sJgn1fJcantly reversed the changes induced by 

cadmium and chromJum exposure in all examined parameters. 

These results IndJcate that the alterations caused by cadmium and chrOmium by 

gen~atJon ofreactlve oAygen specIes (ROS) can be decreased by USing zinc as antiox­

idant. 
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INTRODUCTION 
Cadmium (Cd) Js a very toxic heavy metal 

considered to be a mulUtargel toXIcant aIld 
human exposed to it through di fferent Indus­

trial products (elec tro plates, palnts, plastics 
and batteries) aIld environmental pollutton 

(soU, water, air and food). Exposure to Cd can 

cause a broad spectrum of toxtcolog1cal ' and 

biochemical dysfuncUons in vartous organs 

and tlssues depending on the dose, route and 
duration of exposure (FuDSkoahi et aI., 
1996). Lt was found tha t cadmium can Induce 

alteration of antioxidant and metabollc status 

of red blood cells (Koetle ct &1" 1999), and 
Jncreases lipid peroxidatlon (Fuc1kova ct aI., 
1995). 

Chromium (Cr) Is a transitIon meta] exists 
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In varIous oxidation states but the most pre­

dominant states 111 nature are hexavalent 

chromium [chromium (VI)] and trivalent chro­

mium ichromlum (lIIl1. Chromium (VI) is com­

monly used In Lndusu-Jal chrome plaung, 

welding, painting. metal finishes, steel manu­

facturing, anoy. cast Iron and wood treatment 

(Stoha and Bagchl. 1995). The most lmpor­

tant concentration and Ume dependent effects 

of hexava1ent chromium are increased pro­

duction of ROS. enhanced excretion of uri­

nary lipid metabolites. lipid peroxtdation and 

apoploUc cell death In both In vitro and In 

Y1vo models (Bagch1 et al .• 20(2). 

Ztnc (Zo) Is a trace element essential for 

cell proliferatJon and differentiation. It Is an 

Important element In preventing free radical 

formation, in protecung biological slructures 

from damage and In correcting the Immune 

functions (StefanJdou et aI., 2006'. Under 

certain condItions, H has antIoxidant proper­

ties (Powdl, 2000, and also zlnc Is a crItical 

component of btomembranes and Is essential 

for proper membrane structure and function • and the acuV:lty of numerous enzymes (Bett-

ger and O'Dell, 1981), and plays an Impor­

tant role In regulation of ceUular g1utathJone 

that Is vttal to cellular antioxidant defence 

(Parat. 1997). 

ThIS study aimed to evaluate the role of 

zinc as antioxidant against the OXldatJve 

stress Induced by cadmium and chromium. 

MATERIAL AND METHODS 
Teated. compounde: 
CadmIum chloride anhydrous (CdCI2), S0-

dium dichromate dihydrate (Cr2Na207.2H20) 
and zinc chloride (ZnC12) were purchased 
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from Slgma-AJdrlsh, Co. (St.LOUIS, Mo. USA). 

Antmalw: 

Forty two (42) adul t male albino rats 

weIghted from 110 to 130 g obtained from ex­

per1mentaJ UnIt. Faculty of Veterlnary Medi­

cine, Zngazlg UniverSIty. The animals were ap­
parently ciJntcal healthy. The anlmals were 

housed In plastiC cages with wood shavings as 

beddJng and kept under controlled condition 

(23±l"C, 12h llght and 12h dark cycle). Rats 

were fed on standard laboratory pelleted diet 

and water ad libit um. 

Eil_lmental dealCl" 
The experiment was conducted over a peri­

od of 45 days, after two weeks pertod of accli­

matization; rats were randomly divided tnto 7 

groups 6 for each. The Orst group used as 
control and received normal salLne. The sec­

ond group received dally 4.4 mg/kg B.wt t 1 / 

20 L050) anhydrous CdClz by stomach tube 

as the oral LD50 of CdClz was reported to be 

88 mg/ kg B.wt accoHllng to (USAF. 1990) . 

The third group received daily 2.5 mg/ kg B.wt 

(1/20 LD50) sodium dichromate by stomach 

tube as the oral LD50 of Cr2Na207.2H20 was 

reported (0 be 50 mg/ kg 8 .wt according to 

(Bagchl ct aI .• 19951. The Fourth group 

received daily 4.4 mg/kg 8.wt anhydrous 

CdCl2 + 2.5 mg/kg B.wt sodium dichromate 

by stomach tube. The fifth group received dai­

ly 4.4 mg/ kg B.wt anhydrous CdCIZ by stom­

ach tube + ZnCl2 (300 mg/L drmklng water) 

equal to 18 mg/kg B.wt as the therapeutic 

dose of ZnC1Z was reported to be 18 mg/kg 

B.wt according to (God et aL, 2005). The 

slxth group received dally 2 .5 mg/ kg B.Wl so­

dium dichromate by stomach tube + ZnCI2 
300 mg/L dr1nk1ng water . The seventh group 
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received datly 4 .4 mg/kg B.wt anhydrous 

CdCIZ + 2 .5 mg/kg B.wt sodium dIchromate 

by stomach tube + ZnCl2 300 mg/L drinking 

water. 

Samplca collection: 

At the end or experiment. blood samples 

were collected from (etro-orbHal plexus then 

serum were separated . For histopathological 

s tudies . rats were then sacrtficed by decaplta­

tlon and spectmen from liver and kidney were 

collected and kep t in 10% neutral buffered 

formalln. 

Bloehem1cal analyala: 

Serum samples were analyzed for superox­

Ide dismutase (SOD), catalase (CAT). glutathi ­

one peroXidase (GPx) , reduced glutathione 

(GSH) and Itpld perOXide malondJaldehyde 

(MDA) accordIng to (Mara! ct aI.. 1977), 

(Aehl. 1984). (1'ai)Ia and Valentine. 1967). 
(Beutler et al .• 1965) and (Satoh. 1978) ;e. 

specUvety. Alantne aminotransferase (ALT). 

asprtate aminotransferase (AST) were deter­

mined according to (ReItman ad Frankel. 
1957). Urea, creatlnlne and totru protein (TP) 

were determined according to (Patton and 
Crouch. 1977). (Henry. 1974) and (Young. 

2001) re.pecttvely. 

Histopathological examination: 

Prepared secUons of 5 micron thickness 

froro liver and kidney were stained by hema· 

toxyHne and eosin (H&E) and exarolned m{· 

croscoplcally according to (Bancrofl' et aI., 
1990). 

Statlatlcal analyata: 

Data were subjected to statistical anruysis 

using staUsUcal software Program (SPSS (or 

JlaDM>ura, Vet. Mod. J. 

Windows, version 15 , USA). 

RESULTS & DISCUSSION 
Blochemlcal analYllls: 
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The actiVities of SOD . CAT and GPx were 

sJgnlllcanUy decreased In Cd-, Cr· and 

Cd+Cr- treated groups In compare to the con· 

tro) group. There were no s lgnlfican t diffe renc­

es between control and groups which re· 
celved zLnc with cadmium and chromium 

[Fig. 1, 2. 3). aSH levels were slgntllcanUy de­

creased In Cd· and Cr-treated groups Ln com­

pare to the control group and there were no 

s lgntflcant dJfferences between control and 

groups which received zinc with Cd and Cr 

and also group received Cd+ Cr (fig. 4). MDA 

levels were Significantly increased ln Cd- and 

Cr· treatect groups in compare to the control 
group and there were no significant differenc­

es between control and groups which received 

zinc With Cd and Cr and rusa group received 
Cd + Cr (fIg. 5). These results are shown In 

table It). 

Total protein levels were Sign ificantly de­

creased In Cd- and Cr·treated groups In com­

pare to the control group and Ulere were no 
Significant differences between control and 

groups whIch received zlnc Wi th Cd and Cr 

and also group received Cd+ Cr (Og. 6). ALT 

and AST levels were Significantly Increased in 

Cd· and Cr-treated groups in compare to the 
control group and there were no s ignificant 

dlfferences between control and groups which 

received zinc With Cd and Cr and also group 
received Cd+ Cr (fig. 7, 8). Urea and creattnlne 
levels were significantly increased In Cd- and 

Cr-trealed groups In compare to the control 
group and there we re no s lgntficant differenc­

es between control and groups which receIved 
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zinc with Cd and Cr and also group received 

Cd + Cr (fig. 9, 10). These results are shown 

In table (2) . 

Hlotopathologlcal ftndlngo: 

In Cd· treated group, liver showed pale 

eSinophOIC translucent material seem.s to be 

Amyloid In the dilated hepatic stnusotds re­
sulted in pressure atrophy and necrOSiS was 

noUced after 45 days of treatment {fig. II-A) . 

KJdney Showed focal replacement of the renal 

parenchyma with extravasated blood (hemor­

rhage) and hyaline cast In some Tcnal tubules 

with dilatation of the others (Og. 12·Aj. 

In Cr-treated group. liver showed portal 

hepa Utis . newly formed bile ductules and per­

Iportal hepatic necrosis beSides, pale esino­

phillc translucent material was noUced In the 

hepattc sinusolds seems to be Amyloid (fig. 

11-8). Kidney showed massive replacement of 
the renal parenchyma with extravasated 

erythrocytes and edema With degenerative 

changes and necrosIs of the renal tubules be­
sides, hyperplasIa of glomerular masangia1 

cells moreover damage and epttheltal desqu­

maUon of paritalJayer of the glomerulous was 

noticed (fig. I2-BJ. 

In Cd+Cr-treated group, dysplasIa, subcap­

sular hepaUc necrosis with moderate degener­

ation and necrosIs of the other hepatic paren­
chyma besides, dUatation and congestion of 

the hepatic sinusolds (fig. II -CJ. KJdney 
showed mUd degenerative changes (cloudy 
swelling) of some renal tubules. 

[n Cd+Zn-treatea group, Itver showed ap· 

parently normal hepatic parenchyma (fig. 11-
DJ. Kidney showed mUd degenerattve and ne-

MII"",,~ Vet. MtxL J. 
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erotic changes of the renal parenchyma be­

sides congestion and hemorrhage (fig. 12-C). 

In Cr+Zn-treated group, ltver showed appar­

ently normal hepatic parenchyma. Kidney 
showed mild cloudy swelling of some renal tu­

bules Ulg. 12-0). In Cd+Cr+Zn-treated group, 

mlld degenerative changes were observed Ln 

llver and kIdney. 

SuperoXide dlsmutase (SOD), catalase 

(CAT) and glutathione perox1dase (OPX) con­

stitute a metabolic protectIon team of defense 

against reactive oxygen specIes (ROS) by limll­

Ing the effects or OXIdant molecules 10 tissues 

and acted in the defense against oXldative ceU 

injury by means of being scavengers (Qutte­

ridge. 1996). SOD Is a copper and zinc­

containing enzyme that catalyses the dlsmu­

taUon of superoXlde radicals (McCord et aI., 

1976). The toXlc effect of Cd on SOD acllvity 

could result from interactions between Cd 

and Zn in the SOD molecule (Bauer ct aI., 

1980). Catalase Is a heme· containing homo­
tetramertc enzyme which catalyses the reduc­

tion of HZ02 to water and oxygen and thus 

protects the cell from oxidative damage by 

H20 2 and OH (KJrkman and Gaetan1., 

2007). Clutathlon peroxidase plays a major 

role In the reduction of H20z and hydroperox­

Ide to mono toXic products (Bruce et al .. 

1982). These reports can explain the results 

of the present study which revealed decrease 

In the activities of SOD. CAT and GPx In Cd­
treated groups by the dlrect bJndlng of Cd to 
the active sIte, If It contains-SH groups (Qulg. 

1998) or dIsplacement of metal cofactors from 
active sites of enzymes (Ca..,.Jtno et aI., 
2000) or by Increase the enzymes usage in 

scavengt.ng free radlcaJs by Cd exposure thus 
causing lrreverslble Inhibition In the enzymes 
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acUvtty (Wal.berg et aI .. 2008). GSH Is a trI· 

pepUde of glutamic acid, cysteine and glyClne 
that occur in apprOX1.mately 2mM concentra. 

Uons of RBCs and has a hJghly reactive (easUy 

oxidized) sulfhydryl (SH) group that may act 

non eozymaUcal1y as a free radical acceptor to 
counteract oXidant damage (Prtna and Looe, 
1909). In the present study. decreased GSH 

levels to Cd~treated group lead to increase the 

susceptibility to free radical damage which re­

porled by (Renugadevl and Parbu. 2010, JI· 
han ot aI .. 2011). 

Decomposll1on products of lipid hydroper­

OXides such as malondlaldehyde (MDA) play 

an Important role in Cd-Induced tOxicity (Re. 

nugadevl and Parbu. 2010). The results of 

the present study revealed slgn1f1cant in­

crease In plasma MDA levels In rats treated 

with Cd lndlcaUng the Increase In lipId peroXl­

dation which Is agree with (Part et al.. 2.007; 

Borges 01 aI .. 2008, P'erramoia et aI .• 2011). 

(Bagch1 et aI.. 1997) reported an Increase 1n 

the level of plasma Upld peroxJdaUon ex­

pressed by MDA level In rats treated orally 

with CdCI2 14.4 rug/kg B.wt) for 120 days. 
this Increase was observed after 15 days of 

treatment with maximum elevalion occurred 
between 30-45 days of treatment suggesting 

the dose and Ume dependent effect of cadmi­

um where the low dose daily exposure results 

In cumulaUve effect which ultlmately plateau 

after suffiCient exposure has occurred. 

It Is well establtshed that cadm1um Intoxi­
cation slgntftcantly elevated the serum hepat­

Ic marker enzymes At T and AST tMtlton Par­
bu et aI., 2008; Renugadcvt and Parbu, 
2010). In the present study, there were an in­

crease In plasma AST and AL T acllvttles in 

Man6oura. Vet. Med. J. 
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rats treated with cadmJum suggested that Cd 

lead lo cellu lar leakage and loss of funcUooaJ 
Integrity of hepatic membrane architecture 

leading to leakage of these enzymes from the 
liver cytosol lnto the blood stream which Is 

confirmed by the hlstolopathologicaJ examina­
tion of liver. 

On the other' hand, several studles have 

demonstrated that cadmium tnduces nephro­
tOXiC1ty associated w1th prOximal tubular 

damage (Babollc 01 aI .• 2001, Part 01 aI .. 
2007). In the present s tudy, the lncreases In 

serum urea and creattrune concentrations 

agree wtth IRenugadevi and Parbu. 2(09). 
these results may be attributed to kidney dys· 

function which was confirmed by the bisto­
patholOgical examlnaUon of kidney. The de· 

crease In plasma total protein In rats treated 
With cadmium is In agreement with (EI .. 

Dcmerdaeh et al .• 2004) and It may be due 

to lncreased excretion of high molecular 

weight proteins In urine (Chrlatapher., 
1991). 

Once Cr (VI) enters cell, it Is reduced 

by certain antloxldant molecules such as 

glutathione (Sht and Dalal 1988) to gener­
ate Cr (V) and durlUg the stepwIse onc· 

electron reduction of Cr (VI) to the final 

stable product Cr (Ill). a whole spectrum of re­

active oxygen speCies (ROS) Is generated 

through the Fenton and Haber-Weiss reaction 
(O'Brten et W .• 2(03) which lead to oXidaUve 

stress. 

Results revealed decrease In the actlvtties 
of SOD. CAT and GPx. In se(Um of rats treat­

ed with sodium dichromate which may be at ­

tributed to the direct blnciJng of chromium to 
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SOD (YamaJrura and Susuk1. 1980). the 'n· 
Cff:ase in ROS generat10n suggested the de­

creased plasma antloxJdant activities (Alkan 

et aI .• 1991). These findings are reported by 

(SoudaDI ct al .• 2011). 

Lipid peroxldaUon Is one of the main manl­

restatlons of oXidative damage. which plays an 

Lmportant role in the tOxl.clty of many xenobl­

oUes as chromium (ADane and CreppY. 

2001). The increase In MOA levels in Cr­

treated group Is In agreement wtth (Baech1 et 
m •• 1997) who reported that the daUy oral ad­

ministration of 1/20LD50 of sodium dichro­

mate for 120 days lead to increase In plasma 

lipid perox1daUon In rats and the greater In­
crease were observed between 30-45 days of 

treatment. 

In addltlon, after oral exposure to hexaval­

ent chromium, transamlnases (AST and AL T) 
were significantly Increased in pJasma which 

may be due to oXidaUve stress and liver dam· 

age (Kalayaruan et aI .• 20(8) which con­

firmed by the histopathological examination of 

liver. 

Plasma levels of urea and creat1nine were 

also slgnlftcanlly increased Ind.Jcating the re­

nal damage and conflrmlng preVlous reports 
of (El-Dcmerdaah et al .• 2006, SoudaDI ct 

aI., 2010) which confirmed by the histopatho­
logical examLnatton of kidney . 

On the other hand, the protective effect of 

hexavalent chromium on Isolated hepatocytes 

previously exposed to cadmJum was reported 

by (Stacey and Klaaaaen, 1981). The present 
study lndlcated that in Cd+Cr-treated group. 
there were an antagonlzLng action between 

Msmsoura, Vet. Mod. J. 
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the two metals which is indicated by the re­

versing of MDA levels and the activities of an­

tlmddant enzymes. Moreover . chromium not 

completely prevents the hlstopathologtcal aJ­

teratlons Induced by Cd In l1ver. 

The role of Zn in protecting biological 

structures from ROS damage may be due to 

several factors as Zn Is known to induce the 

production of metallothlonetn (KagI., 1991), 

and Is an excellent scavenger of -OH (Pruad, 

1993). also Zn is an essential structural com­

ponent of Cu/Zn SOD which Is an anUo:ddant 

enzyme. FinaJly. Zn can act as a protecUve 

agent for thiols and other chemical groups 

(Santon et aI •• 2003). As a result of these 

mechanisms, Zn supplementation together 

with Cd administration prevents several of the 

effects observed when Cd Is administrated 

alone. Zinc can aJso completely reverse the 

Cr-tnduced oxidative stress (Rudalf and Cer­
_,2006). 

In the present study, the supplementation 

of ZnCI2 Wllh cadmium or WIth chromium re­

verses all the examined parameters nearly to 

Its normal values . These results are in agree­

ment w1th (Jemal ct al, 2007: JJhen ct aI., 
2009). In addition, Zn can prevent the histo­

pathological alteration Induced by Cd In liver 
and kidney which Is in agreement wtth (JemaJ. 

ct aI., 2010: Rop1aka ct aI., 2011). Moreo· 
Vel', Zn reduced the hepatic and renal damage 
caused by chromium. 

In the present study. zinc act as antioXi­

dant and chromtum also antagOnize the ac­
tion of cadmJum so, Zn and Cr decrease the 
Cd-Induced elevation in MOA level. serum he­

patic enzymes (AST and AL T) and concentra-
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tlons of urea and creatlnJne. Moreover. Zn 

and Cr lncrease the Cd-Induced reduction in 

the activities of antloXldant enzymes. In addi­

Uon. Ule histopathologIcal alterations in he­

patic and renal tissues were less marked In 

MIIlJM1IlT8. Vet. Med. J. 
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Cd+Cr+Zn-treated group. These results Indi­

cate that U1e treatment of cadmium toxtCl ty 

by zinc and chromium together Is more effec­

tive than the treatment with ztnc or ch romi­

um alone. 
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Table (1): Biochemical Parameters of rats treated with cadmium, chromium and zinc 
for 45days (Mean ± S E) 

SOD CAT GPx. GSH MDA 
Group U/ml UIL mU/ml mg/dl nOloUrul 

200l.l' 348.33~ 1272.0" 1.12 ilC 15.83' 
ConL 

±157.l4 ±16.25 ±38.90 ±O.IO ±1.92 

Cd 
IOU2 .U- 198.00- lUll ." 0.40 lO.5u· 

±6 1.14 ±20A2 ±1 7. 11 ±O.20 ±l .86 

122Ll 2u3.00- 1042.\ U.,,- 24 .UU-
Cr ±50.72 ±4l.82 ±34.31 ±O.50 ±3.67 

Cd+Cr 
177J.u 251.3l" II.o.u 0.90 12.71 " 

±l1.24 ±18.54 ±44.00 ±O.OI ±0.71 

Cd+Zn 1991.0 318.00 1182.0 1.15 15.62 
±102.10 ±30.29 ±IOl.l4 ±LlO ±3.14 

2083.6 l51.00 1188.6 LIS 14.33 
Cr+Zn ±152.06 ±3 1.44 ±23.72 ±O.06 ±1.68 

2057.0 370.83 1309.0 1.24 16.76 
Cd+Cr+Zn ±IOj .12 ±61.69 ±64.92 ±O.19 ±2.72 

The m~ns In the same column haVing the same superscnpt 001 slglllficanlly dlffereot (P<O.05). 

Table (2): Biochemical Parameters of rats treated with cadmium, chromium and 
zinc for 4Sdays (Mean ± S E) " 

TP ALT AST Urea Creat. 

Group gldl U/grn U/gro mgldl mgldl 

7.94a 14.13"" 49.50
D 28.00~ 0.84D 

ConI. ±O.39 ±1.36 ±2.56 ±2.04 ±O.04 

5.42 L7.,.- 65.00- 5uw- 1.21 
Cd ±O.43 ±2.16 ±2.69 ±2.l2 ±O. IO 

5.06" 2J .'u 67.3J 3>.00 1.22 
Cr ±O.25 ±3.39 ±2.l6 ±4.78 ±O.19 

8.2J 17.75 50.66 32.00 0.68 
Cd+Cr ±O.54 ±2.55 ±2.33 ±1.29 ±O.02 

8.63 14.00 50.16 35.00 0.79 
Cd+Zn ±O.57 ±1.87 ±2.28 ±3.72 ±O.03 

7.70 11.23" , DU- 29.5U- u .• 2 
Cr+Zn ±O.28 il.28 ±3.7J ±3.30 ±O.05 

7 .0> 10.J U 45 .16" 24.5u 0 .75 
Cd+Cr+2;n ±O.l2 ±l.2 1 ±4. IS ±2.23 ±O.03 

The mellfiS In the same column havmg tbe same supt'=rscnpt not slgmficantly dl(f~r~nl (P<O.05). 
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ng. (11): Histopathology of liver In rats. (A) ltver of Cd· treated group shows pale eslnoph.ll.lc 

translucent material seems to be AmylOid 10 the dilated hepatic 8tnusatds resulted in 

pressure aLrophy and necrosis . (B) liver of Cr-t.reated group shows portal hepatitis, 

newly formed bite ductules and periportal hepatic necrosis besides. pale eslnophlHc 
translucent material In the hepatic slnusolds seems to be Amyloid. (C) liver of Cd.+Cr­

treated group shows dysplaSia, subcapsular hepatic necrosis W1tb moderate degener­
atton and necrosls of the other hepatic parenehyma besides. dllatatlon and canges­

lion of (he hepatic slnu8olds . (0) Uver of Cd+Zn-treated group shows apparently nor­
mal hepatic parenchyma. 
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Ftg. (12): HIstopathology of kJdney of rats . (A) Kidney of Cd· treated group shows focal replace­

ment of the renal parenchyma With extravasa ted blood and hyal1ne cast 1n some renal 

tubules with dilataUon of the others. (B) KIdney of Cr-trealed group shows massive re­
placement of the renal parenchyma with extravasated erythrocytes and edema with 

degeneraUve changes and necrosis of the renal tubules besides. hyperplasia of glo­

merular masangJai ceUs and epithelial desqumaUon of parltal layer of the glomeru­
lous. (e) Kidney of Cd+Zn-treated group shows mUd degenerative and necrotic chang­

es of the renal parenchyma besides congestion and hemorrhage. (D) Kldney of Cr+Zn­
treated group shows rn1ld cloudy swelling of some re naJ tubules. 
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