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ABSTRACT

Ovariectomized (Ovx) sexually mature adult femal e rats were exposed to
sub chronic treatment of cadmium chloride (CdCl,) at adose of 6 mg/kg/
body weight/rat then, were orally gavaged daily with 2ml of the treatment
for aperiod of 28 daysresulting, significant reduction in Erythrocyte count
(RBCs), hematocrit percentage (Hct%) and Hemoglobin value (Hgb), While
mean corpuscleshemoglobin concentration (MCHC) wasincreased. More-
over, hepatic and renal antioxidant enzymes activities, peroxidase and cata-
lase (CAT) were decreased significantly in comparison with the control.
The consequences of ovariectomy operation of female rats exhibited al-
most the same values of al of the above mentioned Ovx-Cd treatment
parameters. Both the experimental rat groups (Ovx and Ovx-Cd) were
gavaged orally with a 2 ml solution of the dietary supplementation (sele-
nium chloride SeCl,) individually or in combination with CdCl, at adose of
6 mg/kg/b.w/rat, resulting recovery effects. Blood parameters and antioxi-
dant enzymatic activities were almost restored to control level except, for
peroxidase activity that responded differently in both types of treatment.
The present study revealed significant protective action of selenium on
the toxicity induced by Ovx or Ovx-Cd in female rats, especially when
selenium was subsequently supplemented to both treatments.
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Cadmiumisoneof themost toxic substancesinthe
environment with widerange of organtoxicity. Along
elimination half-life, accumul atesin blood, stored pri-
marily in the kidney and liver and excreted through
glomuerular filtration in thekidney and may havetoxic
effect on several organse.g. hematopoietic system, the
liver and kidney!¥. It has been proposed that heavy

metalsacknowledge shortened life span of erythrocytes
andinhibit of hemoglobin synthesig2.

Cadmium hasbeen shownto stimulatethe produc-
tion of intracellular reactive oxygen species(ROS), with
membrane protel N damage and biomol eculesmay lead
to cdlular damageand lipid peroxidationwhentherate
of ROS generation surpassestherate of itsdecompo-
gtion by antioxidant defense system,such astheenzymes
peroxidase and catalase®“. Several studieshavein-
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vestigated the effect of ovariectomy or Cadmium-Ovx
on antioxidant system and lipid peroxidation>". The
intervention of cdllular antioxidant sysemisbelievedto
protect the cell to some extent from damagesarising
from Cd-induced ROS production®9,

Cadmium trestment aoneor in combinationwith
ovariectomy leadsto animportant elevation of lipid
peroxidation (PLO) and decline of antioxidant enzy-
mati ¢ activities such as catal asd'?. Hemechanism by
whichfemaleratsare protected against metal toxicity
may berelatedto the antioxidant propertiesof native
estrogensg™. Intheliterature, protective effects of es-
trogen arewidely described in both animalsand hu-
man, studies demonstrated that in ovariectomy when
estrogen wasremoved, antioxidant enzymesactivity was
decreased and the free radicals generation was €l-
e\/atw[lZ—M] .

Few studiesinvestigating the combined effects of
cadmium and sdlenium on antioxidant syssemand lipid
peroxidation are available. Thus, wereport herethe
evaluating and prolonged pairing effect of Cd and Se
adminigtration on ovariectomized ratsand determing the
protective effects of Selenium against both oxidative
stressinduced by ovariectomy and Cd-ovariectomy.

MATERIALSAND METHODS

Female rats Albino Wistar type weighing (250-
300g), were housed in laboratory and maintained at
room temperature (25°C+ 2) and allowed water and
food add libitum. Ratswererandomly divided tofive
experimental groups, including (5) animalsper group.
1- Normal chow diet with negative control vehicle (in-
tact rat). 2- Normal chow diet with ovariectomizedrat
(positivecontrol). 3-Norma chow diet with ovariecto-
mized -cadmium chlorideat adoseof 6mg/kg/b.wirats.
4- Norma chow diet with equa mixed volumesof cad-
mium chlorideand selenium chloride at adoseof 6 mg/
kg/bw. 5-Normd chow diet with ovariectomized - se-
lenium chlorideat adoseof 6 mg/kg/bw. All treatments
weregavaged with 2ml solution daily by oral means
Ratsin groups 2, 3, 5 were anaesthetized with ether
and underwent a bilateral ovariectomy via ventral
incision.Ovarieswereremoved and oviductsreplaced
with minimum disruption to surrounding soft ti ssuesand
theincisionswere closed with clips. At theend of the
experiments, animalswerekilled by anesthetic over-

doseusing ether. Blood wasdrawn viathedorsal vena
cavaand placed into heparini zed tubesin spiramix and
analyzed using automatic hematological analyzer
(Coulter ACT differential analyzer, Documentation,
Bakman Coullter, Inc. Industrial Estate, Germany).The
red blood cdllscount (RBCs), hemoglobinvaue (Hgb),
hematocrit percentage Hct% and mean corpuscul ar
hemogl obin concentration(M CHC) wererecorded.

Liver and kidney tissue extraction were prepared
based on the method described by (Gerado et a2007)
method.Briefly, 100 mg tissue was diced into pieces
and homogenized in ice-cold phosphate buffer (50
mmol/l, pH.7.0, containing 0.1 mmol/| EDTAtogivea
5 % (w/v) homogenate, thus centrifuged at 3000 g for
10 minutesat 0°C. The supernatantsused for enzyme
assay.
Lipid peroxidation (indicated based on peroxidase
activity assay) was performed according to Chance, et
al .9, Briefly, thereaction mixture contained 5 mL of
50 mM sodium phosphate buffer, PH.7.0, 0.1 mL of
20 mM guaiacol and 0.02 ml of 40 mM hudrogen per-
oxide (H,0,). Thereaction started by adding 0.2 ml Of
enzyme extract (prepared as described previously).
Enzyme activity determination was performed at 20°C
by measuring therate of colour devel opment at 470 nm
using Shiamdzu-SP1650-doubl e beam spectrophotom-
eter. Thecoeffeicient (2, ) of tetraguaicol is26.6 cm™
mM-L.

Catdase (CAT) activity wasdetermined according
to the method described by Aehil*®1 1984 with slight
modification. Theenzymatic decompositionof H,O, is
followed directly by the decrease in absorbance at
240nm. Thedifferencesin absorbance per unit time
were used as measure of CAT activity. The enzyme
activityisgiveninU/mg/ protein.

RESULTS

Theblood parameters, Erythrocyte count (RBCs),
Hemoglobin vaue (Hgb), Hematocrit %(Hct %) and
M ean corpuscleshemogl obin concentration (MCHC)
arepresentedin TABLE 1. Regardlessof ovariectomy
RBCs, Hgb and Hct% were decreased, whileMCHC)
wasincreased by Cadmium-ovariectomized exposure
in comparison to control. The blood parameterswere
a so changed dueto ovariectomy from those of intact
females. Theabove decreasein blood parametersval -
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TABLE 1: Hematological analysesof rat blood after different treatments, I ntact (-Vecontrol), ovariectomized (Ovx), +Ve
control, cadmium-ovariectomized Cd/Ovx, cadmium/selenium combination-Ovariectomized Cd+Se/Ovx, ovar iectomy-sde-
nium Sef Ovx

Group RBCsx 10°/ mm® Hgb g /dl HCT % MCHC (g/dl)
-Ve control (intact) 7.84+0.379 16.2+0.44 46.1+1.89 34.68+2.11
+Ve control (Ovx) 7.31+0.399 13.98+1.875 41.68+2.352 35.54+0.364
Cd/ Ovx 6.564*+0.301 12.88*+0.443 39.24*+1.537 38.834*+0.707
Cd+Se/ Ovx 6.972+0.628 13.9+0.295 39.88+0.567 35.02+0.356
Se/ Ovx 7.06**+0.223 14.22**+1.132 40.52+2.935 34. **86+270

The data represent mean + SD. Asterisks (*P < 0.05) indicate significant difference from control. Asterisks (**P<0.05) indicate
significant difference from Ovx /Cd

TABLE 2: Effect of cadmium, cadmium-selenium combination, ovariectomy, ovariectomy -selenium on peroxidase and cata-

laseactivity inliver and kidney of rat

Treatment
Groups Per oxidase (U/mg/protein) CAT (U/mg/protein)
Liver Kidney Liver Kidney

-Ve control (intact) 10.6x10°+ 0.12x10° 13.7 x10°%+ 0.4x10°® 24.24x1.5 22.38x2.4
+Ve control (Ovx) 4.8*x10+ 0.12x10°® 7.9*x10°+ 0.3x10° 16.17*x1.3 17.4*x1.4
Cd / Ovx 1.4**x10°+ 3.6x10° 1.3** x10% 0.17x10° 7.614**x0.2 5.75**x0.25
Cd+Se/ Ovx 3.8*** x10%+ 0.14x10°  6.3*** x10+ 0.32x10° 18.43***+0.39 17.9%%*2+2
Se/ Ovx 4.1%*%x10°+ 0.2x10° 7.3 ***x10°+ 0.25x10° 20.543***+1 4 19.79%**+1.2

The data represent mean + SD. Asterisks (*P < 0.05) indicate significant difference from -Ve control. Asterisks (**P<0.05) indicate
significant difference from Ovx. Asterisks (***P < 0.05) indicate significant difference from Ovx / Cd

ueswasgrater in Cadmium-ovariectomized raisascom-
pared with Ovariectomized females, aswell aswith
thoseanimal sexperimenta |y supplemented with both
Se/Cd combination or Sealone. TheMCHC wassig-
nificantly increased in Cadmium-ovariectomized rats
whilethe changewasnot significant in both ovariecto-
mized and selenium supplemented group ratseither in
Cd-combination or alone as compared to intact con-
trol rat group.

TABLE 2 showstheantioxidant enzymesstatusin-
dicated by peroxidase and catal ase activitiesin liver
and kidney after sub chronic trestmentson Ovariecto-
mized, Ovariectomized-Cd, Ovariectomized/Cd-Se
combination and Ovariectomi zed/Se. Peroxidase was
sgnificantly decreased (P<0.05) in both ovariectomized
and ovariectomized-Cd exposed rats as compared to
the control, although the ovariectomi zed rats exposed
to Cd had adel eterious effect, since peroxidase en-
zymeactivity was dropped sharply ascompared to that
inovariectomy. Catdase(CAT) activity wassignificantly
decreased(P<0.05) in both ovariectomized and Ovx-
Cd treated rat groups as compared to control animals.
Thedegree of enzymesactivity decreasewas sever in
Ovx-Cd groupsin comparison with ovariectomized
group. Thesdenium dietary supplementation aloneor
simultaneoudy givenin combination with Cdto Ovx
and-Ovx cadmium rat groups, increasetheenzymeac-

tivitiessignificantly. Regarding peroxidaseactivity was
different, sincetherewere not restored to the control
levd.

DISCUSSION

Theeffects of ovariectomy and cadmium-Ovx ex-
posure on blood parameterswerediffer fromtheintact
control racsTABLE 1. TheRBC count, Hgb vaueand
Hct % in the experimental animals, either in Ovx or
Ovx —Cd treated rats werefound to belower thanin
intact rat controls. Whereastherewasan increasein
MCHC valuein cadmium-ovariectomized rats, which
may bedueto the production of inadequate maturation
of RBC at rate exceeding therate of norma RBC pro-
duction, asdescribed for other metal effect on hemato-
poiesis processt.

Thedecreasein erythrocyte count, hemoglobinva-
uesand hemocrit percentageindicated that anemiawas
lessseverein Ovariectomized-sd eniumtrested femaes
in comparisonto Ovx-Cd treated group. It isknown
that metal simpair the heme synthesisand is probably
rel ated totheinhibition of thehemoglobin synthesisand
to variousalteration of erythrocyte membrane proper-
ties, leadingto anincreased fragility, deformability, RBC
destruction and eventual ly ashortened life span(21819,
A part from directed inducing, the generation of reac-
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tive oxygen species (ROS) such ashydrogen peroxide
(H,0,), anelement canindirectly induceoxidativestress
by increasethe vulnerability of membraneto the attack
of ROS. Theeffect of metal onred blood cellsmem-
branein particular have been intensely analyzed be-
cause RBC aremorevul nerabl eto oxidative damage
than many other cell$2%. One mechanism by which
metals produceinjury isassumed to be through gen-
eration of freeradicasand lipid peroxidation. Freeradi-
casintheliving body arehighly reactiveand can cause
severd disorders?-?2 found that hemolysisinduced by
hemolytic agentssuch as heavy meta swas associated
with ahigh degree of peroxidation.

Peroxidaseisone of the major components of the
antioxidant system®. |nthe present study, (TABLE 2)
showed anincrease amount of lipid peroxidation, due
to asharp decreasein peroxidase and catal ase antioxi-
dant enzymatic activities, following both ovariectomy
operation and Cd-Ovx treatment, as compared to con-
trol. Thisdemonstrated that Ovx and Cd-Ovx treated
ratsimpair theenzymatic antioxidant defensesystemin
liver and kidney tissues.

Thededinein peroxidaseand CAT activitiesin Ovx
and Cd- Ovx treated rats may be duetoinhibition of its
ability inthescavenging of freeradicals. Asit hasbeen
reported that Ovariectomy could trigger lipid
peroxidation, whichinturn reduce the enzymatic anti-
oxidant activities. Asaconseguencethe production of
ROS enhanced due to the removal of estrogen pro-
duced normdly by ovaries®.

Both enzymatic activitiesthat had restoring effect
tothecontrol level in studied parametersafter antidotes
supplementation may be dueto its protection effect
against metd-induced oxidative stress. Recent investi-
gations mentioned that antidotes could enhances cad-
mium transport and decreaseitsuptakeinrat intestine
and produce protection against cadmium-induced ane-
mia?>21, Apostolski et al.[?® study demonstrate that
exogenousadministration of selenium havesomesimu-
latory effect on ovarian peroxidase activity.

In the literature, protective effect of estrogenis
widely described in both humansand animal §%. Es-
trogens may be ableto inhibit the generation of free
radical sand decrease peroxidelevel sresulting freeradi-
ca suppressioninrat liver'2%3U, Thusthe possibility
exist that antioxidant such as seleniumin the present
study, could decrease or prevent some pathol ogical

conseguencesof metal toxicities. Resultson other met-
dseffectshypothesized that endogenousestrogen have
antioxidant capability™. Thiscould explainthediffer-
ences between intact and ovariectomy inthe expres-
sion of cadmium exposureeffects.

It can concluded that ovariectomy and cadmium/
ovariectomy canincreasethe production of ROS that
resultsin RBC membrane destruction and function be-
Sdetheimparment of antioxidant enzymesactivitiesThe
antidotes sel enium supplementation could replace the
act of ovarian estrogeninitsprotectiveaction.
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