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ABSTRACT

To evaluate the role of zinc as antioxidant against the oxidative stress induced by
cadmium and chromium, forty two adult inale albino rats were divided Into seven
groups which treated dally for 45 days. First group used as control, seconed group
recelved 4.4 mg/kg B.wt CdCly by stomach tube, third group received 2.5 mg/kg
B.wt sodium dichromate by stomach tube, fourth group received 4.4 mg/kg B.wit
CdCl, and 2.5 mg/kg B.wt sodium dichromnate by stomach tube, Sfth group received
4.4 mg/kg B.wt CdCly by stomach tube and ZnCl, 300 mg/L drinking water, sixth
group recelved 2.5 mg/kg B.wt sodium dichromate by stomach tube and ZnCl, 300
mg/L drinking water, seventh group received 4.4 mg/kg B.wi CdCl, and 2.5 mg/kg
B.w{ sodfum dichroinate by stomach tube and ZnCly, 300 mg/L drinking water. The
results revealed that the treatment with cadmium and chromjum lead to marked in-
crease in the Jevel of ipid peroxidalion (expressed by MDA level), activities of hepatic
marker enzymes (AST and ALT) and urea and creatinine concentrations, also lead to
decrease in the activities of antioxtdant enzymes (SOD, CAT and GPx) and the Jevel of
GSH. Histopathological examination revealed degenerative and necrotic changes In
ltver and kidney. Treatment with zinc significantly reversed the changes induced by
cadmiurn and cliromjum exposure [n all examined parameters.

These resulls indicate that the alterations caused by cadmium and chromium by
generation of reactive oxygen species (ROS) can be decreased by using zinc as antiox-
ldant. '

INTRODUCTION

Cadmium (Cd) §s a very toxic heavy metal
consldered to be a multitarget toxicant and
human exposed to {t through different Indus-
trial products (electroplates, paints, plastics
and batteries) and environmental pollution
(soll, water. alr and {ood). Exposure to Cd can
cause a broad spectrum of toxicological and
biochemical dysfunctions in vartous organs
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and tissues depending on the dose, route and
duration of exposure (Funakoahi et al,
199B). [t was found that cadmium can induce
alteratlon of antloxddant and metaboli¢ status
of red blood cells (Kostic et al., 1893). and
Increases lipid peroxidation (Fucikova et al..
1695).

Chromium (Cr) is a transition metal exists
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(n various oxddation states but the most pre-
dominant states tn nature are hexavalent
chromium [chromium (V1)) and trivalent chro-
mium {chromium ([i1)]. Chromium (VI) is com-
monly used In Industrfal chrome plating,
welding, painting. metal finishes, steel manu-
facturing, alloy, cast iron and wood treatment
(Stohs and Bagchl, 1885). The most tmpor-
tant concentration and time dependent effects
of hexavalent chromlum are Increased pro-
duction of ROS, ephanced excretion of uri-
nary lipid metabolites, lipld peroxddation and
apoptotic cell death (n both In vitro and in
vivo models (Bagchi et al., 2002).

Zinc (Zn) 1s a trace element essential for
cell proliferation and differentiation. It is an
{mportant ¢lement lu preventing free radical
formation. (n protecting blological structures
from damage and In correcting the fmmune
functions (Stefanidou et al., 2008). Under
certain condittons, it has antioxidant proper-
tles (Powell, 2000) and also zin¢ is a critical
component of biomembranes and Is essential
for proper membrane sr_ructul'e and function
and the activity of numerous enzymes (Bett-
ger and O'Dell, 1881), and plays an impor-
tant role In regulation of cellular glutathione
that 1s vital to cellular antioxddant defence
(Parat, 1897).

This study atmed to evaluate the role of
zinc as antioxidant against the oxidative
stress Induced by cadmijum and chromfum.

MATERIAL AND METHODS
Tested compounds:
Cadmium chloride anhydrous (CdCl12), So-
dium dichromate dihydrate (CryNay0-.2H50)
and zinc chloride (ZnCly) were purchased
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from Stgma-Aldrish, Co. (St.Louls. Mo, USA).

Animals:

Forty two (42) adult male alblno rats
welighted from 110 to 130 g obtained from ex-
perimental Unit, Faculty of Velerinary Medi-
cine, Zagazig Undversity. The animals were ap-
parently clintcal healthy. The animals were
housed In plastic cages with wood shavings as
bedding and kept under controlled condttion
(23+1°C. 12h light and 12h dark cycle). Rats
were fed on standard laboratory pelleted diet
and water ad Ubltum.

Experimental design:

The experiment was conducted over a perl-
od of 45 days, after two weeks perlod of accil-
matization; rats were randomly divided (nto 7
groups 6 for each. The first group used as
control and received normal saline. The sec-
ond group received dally 4.4 mg/kg B.wt (1/
20 LDgg) anhydrous CdCly by stomach tube
as the oral LDgq of CdCl, was reported to be
88 mg/kg B.wt according to (USAF. 1990).
The third group recelved dally 2.5 mg/kg B.wt
(1/20 LDgq) sodlum dichromate by stomach
tube as the oral LDgg of CryNas04.2H,O was
reported to be 50 mg/kg B.wt according to
(Bageht et al.,, 18998). The Fourth group
received dally 4.4 mg/kg B.wt anhydrous
CdCly + 2.5 mg/kg B.wt sodlum dichromate
by stomach tube. The fifth group recelved dai-
ly 4.4 mg/kg B.wt anhydrous CdClgy by stom-
ach tube + ZnCl, (300 mg/L drinking water)
equal to 18 mg/kg B.wt as the therapeutic
dose of ZnCly was reported to be 18 mg/kg
B.wt according to (Goel et al., 2008). The
sixth group received dally 2.5 mg/kg B.wt so-
djum dichromate by stomach tube + ZnCl,
300 mg/L drinking water. The seventh group
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recelved daily 4.4 mg/kg B.wt anhydrous
CdCl, + 2.5 mg/kg B.wt sodfum dichromate
by stornach tube + ZnCly 300 mg/L drinking
water,

Samples collection:

At the end of experiment, blood sarnples
were collected from retro-orbital plexus then
serum were separated. For histopathological
studies. rats were then sacrificed by decapita-
tion and spectmen fram llver and kldney were
collected and kept in 10% neutral buffered
formalin.

Biochemical analysis:

Serum samples were analyzed for superox-
Ide dismutase (SOD). catalase (CAT). glutathl-
one peroxidase (GPx), reduced glutathione
(GSH) and lipid peroxide malondialdehyde
(MDA) according to (Maral et al,, 1877),
(Acbi, 1984). (Paglia and Valentine, 1987),
(Beutler et al., 1963) and (Satoh, 1878) re-
spectively. Alanine ‘aminotransferase (ALT).
asprtate aminotransferase {AST) were deter-
mined according to (Reitman and Frankel,
1857). Urea, creatinine and total protetn (TP)
were determined according to (Patton and
Crouch, 19877), (Henry, 1874) and (Young,
2001) reaspectively.

Histopathalogical examination:

Prepared sections of 5 micron thickness
from liver and kidney were stalned by hema-
toxyline and eosin (H&E) and examained mi-
croscopically according to (Bancroff et al.,
19890).

Statistical analysis:

Data were subjected Lo statistical analysis
using statisttcal software Program (SPSS for

Maupsoura, Vet. Med. J.

261

Windows, version 15, USA).

RESULTS & DISCUSSION

Biochemical analysis:

The activities of SOD, CAT and GPx were
significantly decreased In Cd-. Cr- and
Cd+Cr-treated graups in compare to the con-
trol group. There were no significant differenc-
€s between control and groups which re-
cetved zinc with cadmium and chromium
(Fig. 1, 2. 3). GSH levels were signtficantly de-
creased In Cd- and Cr-lreated groups In com-
pare to the control group and there were no
significant dffferences between control and
groups which recetved zinc with Cd and Cr
and also group recelved Cd+ Cr (Fig. 4). MDA
levels were significantly increased In Cd- and
Cr-treated groups {n compare to the contro}
group and there were no significant differenc-
es between control and groups which recelved
zinc with Cd and Cr and also group received
Cd + Cr (Fig. 5). These results are shown in
table (1).

Total protein levels were significantly de-
creased In Cd- and Cr-treated groups in com-
pare to the control group and there were no
sigalficant differences between control and
groups which recefved ztnc with Cd and Cr
and also group recefved Cd+ Cr (fig. 6). ALT
and AST levels were signtficantly increased in
Cd- and Cr-treated groups in compare to the
control group and there were no signiflcant
difterences between control and groups which
recetved zinc with Cd and Cr and also group
recetved Cd+ Cr (fig. 7. 8). Urea and creatinine
levels were significantly increased in Cd- and
Cr-treated groups jn compare to the control
group and thece were no significant diferenc-
es between control and groups which recelved
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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).

Histopathological Aindinga:

In Cd-treated group, liver showed pale
esinophilic translucent material seems to be
Amylold in the dilated hepatsc sinusolds re-
sulted in pressure atrophy and necrosis was
noticed after 45 days of treatment (fig. 11-A).
Kidney showed {ocal replacement of the renal
parenchyma with extravasated blood (hemor-
rhage) and hyallne cast in some renal tubules
with dilatation of the others ({ig. 12-A).

In Cr-treated group, liver showed portal
hepatitis. newly formed blle ductules and per-
fportal hepatic necrosls besides, pale esino-
philic translucent material was noticed in the
hepatic sinusoids seems to be Amylold (fig.
11-B). Kidney showed massive replacement of
the renal parenchyma with extravasated
erythrocytes and edema with degenerative
changes and necrosls of the rena tubules be-
sldes. hyperplaslia of glomerular masangial
cells moreover damage and epithelial desqu-
mation of parital Jayer of the glomerulous was
noticed (fig. 12-B).

in Cd+Cr-treated group, dysplasla. subcap-
sular hepatic necrosls with moderate degener-
ation and necrosis of the other hepatic paren-
chyma bestdes. dilatation and congestion of
the hepatic sinusolds (fig. 11-C). Kidney
showed mild degenerative changes (cloudy
swelling) of some renal tubules.

In Cd+Zn-treated group, Uver showed ap-

parently normal hepatic parenchyma (fig. 11-
D). Kidney showed mild degeneraiive and ne-
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crotic changes of the renal parenchyma be-
sides congestion and hemorrhage {fig. 12-C).
In CrsZn-treated group, ltver showed appar-
ently normal hepatic parenchyma. Kidney
showed mlld cloudy swelling of some renal tu-
bules (fig. 12-D). In Cd+Cr+Zn-treated group,
mild degenerative changes were observed In
Bver and kidney.

Superoxtde dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx) con-
stitute a metabolic protectlon team of defense
against reactive oxygen species (ROS) by limit-
Ing the effects of axddant molecules in tissues
and acted (n the defense against oxddative cell
tnjury by means of belng scavengers (Gutte-
ridge, 19905). SOD is a copper and zinc-
containing enzyme that catalyses the dismu-
tation of superoxide radicals (McCord et al.,
19786). The toxdc effect of Cd on SOD aclivity
could result from interactions between Cd
and Zn In the SOD molecule (Bauer et al.,
1980). Catalase Is a heme-containing homo-
tetrameric enzyme which catalyses the reduc-
tion of HyOy to water and oxygen and thus
protects the cell from oxddative damage by
H,0y and OH (Kirkman and GCaetant,,
2007). Glutathion peroxidase plays a major
rale {n the reduction of HyO4 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 direct binding of Cd to
the active slte, (f [t contains-SH groups (Quig.
1998) or displacement of metal cofactors from
active sites of enzymes (Casalino et al.,
2000) or by increase the enzymes usage in
scavenging free radicals by Cd exposure thus
causing frreversible inhibition In the enzymes
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activity (Weisberg et al., 2008). GSH (s a tg)-
peptide of glutamic acld. cysteine and glycine
that occur In approximately 2mM concentra-
tions of RBCs and has a highly reactive {easlly
oxidized) sulfhydryl (SH) group that may act
non enzymatically as a (ree radical acceptor to
counteract oxidant damage (Prins and Loos,
1969). In the present study, decreased GSH
levels in Cd-treated group lead to {ncrease the
susceptibility to free radical damage which re-
ported by (Renugadevi and Parbu, 2010; Ji-
ban et al,, 2011).

Decomposition products of lipid hydroper-
oxides such as malondialdehyde (MDA) play
an important role {n Cd-induced toxicity (Re-
ougadevi and Parbu, 2010). The resuits of
the present study revealed significant in-
crease in plasma MDA levels (n rats treated
with Cd indicating the Increase in liptd peroxd-
dation which Is agree with (Par1 et al., 2007;
Barges et al.,, 2008; Ferramola et al., 2011).
(Bagchi et al., 1997) reported an increase {n
the level of plasma Upid peroxidation ex-
pressed by MDA level In rats treated orally
with CdCl, (4.4 mg/kg B.wt) for 120 days.
this Increase was observed after 15 days of
treatment with maximum elevation occurred
between 30-45 days of treatment suggesting
the dose and time dependent effect of cadmi-
um where the low dosée dafly exposure results
In cumulative effect which ultimately plateau
after sufficient exposure has occurred.

It is well established that cadmlum intox-
catlon significantly elevated the serum hepat-
lc marker enzymes ALT and AST (Milton Par-
bu et al., 2008; Renugadevi and Parbu,
2010). In the present study, there were an in-
crease In plasma AST and ALT activitdes in
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rats treated with cadmfum suggested that Cd
lead lo cellular leakage and Joss of functional
integrity of hepatic membrane architecture
leading to leakage of these enzymes from the
liver cytosol (nto the blood stream which is
confirmed by the histolopathological examIna-
ton of lver.

On the otheri hand. several studtes have
demonstrated that cadmium induces nephro-
toxclty associated with proxtmal tubular
damage (Sabalie et al.,, 2001; Parl et al,,
2007). In the present study. the Increases in
serum urea and creatlnine concentrations
agree with (Renugadevi and Parbu, 2009),
these results may be attribuled to kidney dys-
function which was confirmed by the histo-
pathological examination of kidney. The de-
crease In plasma total proteln in rats treated
with cadmium s in agreement with (El-
Demerdash et al., 2004) and it may be due
to increased excretton of high molecular
weight proteins In urine (Christopher.,
1991).

Once Cr (VI) enters cel), it Is reduced
by certain antioxddant molecules such as
glutathione (Sht and Dalal 1988) to gener-
ate Cr (V) and during the stepwise one-
electron  reduction of Cr (VI) to the final
stable product Cr (111), a whole spectrum of re-
actlve oxygen specles (ROS) is generated
through the Fenton and Haber-Welss reaction
(O'Brien et al., 2003) which lead 1o oxidauve
stress.

Results revealed decrease In the activities
of SOD. CAT and GPx. (n secum of rats treat-
ed with sodilum dichromate which may be at-
tributed to the direct binding of chromium (o

Vol. XIIl, No. 2, 2011



Fathy, R. Sleema; et al....

SOD (Yamakura and Suzuld, 1880). the in-
crease In ROS generation suggested the de-
creased plasma antloxddant activities (Alkan
et al., 1897). These findings are reported by
(Soudani et al., 2011).

Liptd peroxidation is one of the main mani-
festations of oxddatlve damage, which plays an
{mportant role in the toxicity of many xenobi-
otics as chromlum (Anane and Creppy,
2001). The increase in MDA levels in Cr-
treated group Is In agreement with (Bagchi et
al., 1897) who reported that the dally oral ad-
ministration of 1/20LDgqy of sodtum dichro-
mate for 120 days lead to tncrease in plasma
lipld peroxddation in rats and the greater in-
crease were observed between 30-45 days of
treatment.

In addlitlon, after oral exposure to hexaval-
ent chromlum, transaminases (AST and ALT)
were significantly inecreased (n plasma which
may be due to oxddatlve stress and fiver dam-
age (Kalayarasan et al.,, 2008) which con-
firmed by the histopathological examination of
llver.

Plasma levels of urea and creatinine were
also significantly increased indicating the re-
nal damage and conflrming previous reports
of (El-Demerdash et al., 2006; Soudani et
al., 2010) which confirmed by the histopatho-
logical examination of kidney.

On the other hand, the protective effect of
hexavalent chromium on (solated hepatocytes
previously exposed to cadmium was reported
by (Stacey and Klaassen, 1881). The present
study indicated that in Cd+Cr-treated group,
there were an antagonlzing actlon between
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the two metals which ls indicated by the re-
versing of MDA levels and the actlvities of an-
tioxddant enzymes. Moreover, chromjum not
completely prevents the histopathological al-
terattons induced by Cd In liver,

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 metallothlonein (Kagl, 1991),
and Is an excellent scavenger of *OH (PFrasad,
1998), also Zn Is an essential structural com-
ponent of Cu/Zn SOD which 18 an antoxidant
enzyme. Finally, Zn can act as a protectve
agent for thiols and other chemical groups
(Santon et al., 2008). 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 also complelely reverse the
Cr-induced oxddative stress (Rudalf and Cer-
vinka, 2008).

In the present study, the supplementatjon
of ZnCly with cadmium or with chromium re-
verses all the examined parameters nearly to
its normal values. These results are In agree-
ment with (Jemat et al., 2007; Jihen et al.,
2009). In additlon, Zn can prevent the histo-
pathological alteration induced by Cd in liver
and kidney which s In agreement with (Jemat
et al.,, 2010; Rogalska et al., 2011). Moreo-
ver, Zn reduced the hepatic and renal damage
caused by chromium.

In the present study, zinc act as antioxd-
dant and chromium also antagonize the ac-
tion of cadmjum s0, Zn and Cr decrease the
Cd-induced elevation in MDA level, serum he-
patic enzymes (AST and ALT) and concentra-
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tions of urea and creatinine. Moreover, Zn
and Cr increase the Cd-lnduced reduction (n
the activities of antioxidant enzymes. Jn addi-
tlon, the histopathalogical alterations in he-
patic and renal tissues were less marked in
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Cd+Cr+Zn-treated group. These results indi-
cate that the treatment of cadmium toxdcity
by zinc and chromium together {s more effec-
tive than the treatment with zinc or chromi-
uin 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 U/L mU/ml mwg/dl nmol/ml
2003.3* 348.33° 1272.0* 1.12% (5.83°

Cont. +157.34 +16.25 +38.90 +0.10 +1.92
[002.0° T08.00° 1022.6° 0.46° 30,507

Cd +61.14 +20.42 +17.11 +0.20 +1.86
1221 )" 203.00° 10d2.1™ 0.55" 24.00°

Cr +50.72 +43 82 +34.31 £0.50 +3.67
1771.0° 251.33° T136.0™ 0.90° 1271

Ca+Cr +31.24 +18.54 +44.00 +0.0) +0.7)
cdiz 1991.0" 318.00™ 1182.0™ 1.15% 15.62°
n +102.10 +30.29 +103.34 +1.10 +3.14
2083.6" 351.00° 1188.6™ 1.15% [4.33°

CetZan +152.06 +3(.44 +23.72 +0.06 +1.68
2057.0" 370.83° 1309.0" 1.24" 16.76"

Cd+CrtZn | 415112 +61.69 +64.92 +0.19 +2.72

The means in the same column having the same superscript not significantly di{ferent (P<0.05).

Table (2): Biochemical Parameters of rats treated with cadmium, chromium and
zin¢ for 45days (Mean + S.E).

TP ALT AST Urea Creat.

Group g/dl U/gm U/gm mg/d] rmp/dl

7.94° 14.13™ 49.50° 28.00% 0.84°

Cont. +0.39 +1.36 12.56 +2.04 +0.04

3.42° 27.58" 33.00° 50.00° (21"

Cd +0.43 +2.16 +2 .69 .12 +0.10

5.06° 23.50° G733 39.66° 122

Cr +0.25 +3.39 +2.36 +4.78 +0.19

823" 17.75° 50.66" 32.00°° 0.68°

Cd+Cr +0.54 42.55 +2.33 £1.29 40,02

8.63° 14.00™ 50.16° 35.00% 0.79°

Cd+Zn +0.57 +1.87 +2.28 +3.72 +0.03
7707 125 31.50° 29.50° 082"

Crt+Zn +0.28 +1.28 11.73 +3.30 +0.05

7.657 16.30° 45.16° 23 50° 0.75°

Cd+Cr+Zn 4032 .21 +4.15 4223 +0.03

The means in the same colurnn having the same superscript not significantly differeny (P<0.05).
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Fig. (11): Histopathology of llver in rats. (A) lver of Cd-treated group shows pale esinophilic
transtucent material seems to be Amylold In the dilated hepatic sinusoids resulted in
pressure atrophy and necrosis. (B) liver of Cr-treated group shows portal hepatliis.
newly formed blite ductulcs and periportat hepatic necrosis besides. pale esinophllie
translucent material in the hepatic sinusolds seems to be Amyloid. (C) liver of Cd+Cr-
treated group shows dysplasia, subcapsular hepatic necrosis with moderate degener-
atton and necrosis of the other hepatic parenchyma bestdes. dilatation and conges-
tion of the hepatic sinusolds. (D) llver of Cd+Zn-treated group shows apparently nor-
mal hepatlc parenchyma.
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Fig. (12): Histopathology of kidney of rats. (A) Kidney of Cd-treated group shows focal replace-
ment of the renal parenchyma with extravasated blood and hyaline cast In some renal
tubules with dilatation of the others. (B) Kidney of Cr-treated group shows massive te-
placement of the renal parenchyma with extravasated erythrocytes and edema with
degenerative changes and necrosis of the renal tubules besides, hyperplasla of glo-
merujar masangial cells and epithelial desqumation of parital layer of the glomeru-
lous. (C) Kidney of Cd+Zn-treated group shows mild degenerative and necrotic chang-
es of the renal parenchyma besides congestion and hemorrhage. (D) Kidney of Cr+2Zn-
treated group shows mild cloudy swelling of some renal tubules,
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