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Abstract

The present study determined the effect of pre-supplementation with manganese (Mn) and selenium (Se) on
biomarkers of oxidative stress in the liver and kidneys of rats exposed to a mild dose of cadmium. Sixteen Male Wistar
strain rats (180-200 g b. wt) were divided into four groups (control, Cd alone, Mn + Se + Cd and Mn + Se). The rats used
as the control received a normal rat diet and tap water throughout the study while the Cd alone rats received a normal
rat diet and then exposed to a single daily oral dose of cadmium (3 mg CdCI2/kg) in drinking water for three days. Mn
+ Se + Cd rats were pretreated with Mn (3 mg MnClz/kg/day) and Se (3mg SeOz/kg/day) for seven days and thereafter
received a single daily oral dose of cadmium (3 mg CdClz/kg) in drinking water for three days while Mn + Se rats were
exposed to only Mn (3 mg MnClz/kg/day) and Se (3mg SeOz/kg/day) for seven days. At the end of the experiment tissue
cadmium concentration, membrane lipid peroxidation, glutathione content, and activities of antioxidant enzymes
catalase, superoxide dismutase, and glutathione peroxidase were determined in the liver and kidney samples. The
results showed that pretreatment with Mn and Se effectively countered Cd-induced cadmium accumulation, membrane
lipid peroxidation, depletion of the non-enzymic antioxidant, glutathione, and induction of the antioxidant enzymes
catalase, superoxide dismutase and glutathione peroxidase in the liver and kidney. It can be concluded that pre-
supplementation with Mn and Se significantly reversed Cd-induced deleterious alterations in the liver and kidney tissue
of the rats.
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1. Introduction

Cadmium is a well-known industrial and environmental pollutant that is released into the environment from
anthropogenic activities such as metal mining and processing [1].Its use in various industrial processes such as the
battery, plastics, pigment, and fertilizer production and electroplating has further increased its incidence in the
environment leading to contamination of soil and water and subsequent uptake by food crops grown on contaminated
soil or water [2]. Human exposure to environmental cadmium pollutants is mainly through inhalation of contaminated
air and the oral route through the food chain with the latter being the major route of exposure [3]. Following
gastrointestinal absorption, the cadmium-binding protein, metallothionein, rapidly take up cadmium from the blood
and delivers it first to the liver and from the liver, it is then rapidly redistributed to other tissues and organs of the
body[4].Within the human body, cadmium has a long biological half-life of up to 30 years and a low excretion rate
leading to its bio-accumulation to toxic levels in the liver and kidneys and other soft tissues of the body causing
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membrane lipid peroxidation and oxidative deterioration of proteins and DNA and in the process initiates various
pathological conditions [5].

Furthermore, studies with experimental animals have shown that chronic exposure to cadmium through contaminated
soil, water, air, and the food chain leads to many diseases including cancer [6]. Epidemiological evidence linking Cd
contaminated food sources to the outbreak of itai itai disease which occurred in the Cd-polluted Jinzu River basin in
Toyama, Japan awakened public health interest to the toxic effects of environmental exposure to Cd and its effects on
human health [7]. Itai itai disease is the most severe stage of chronic Cd poisoning and it is characterized by, among
others, severe bone disorders and renal tubular lesions [7,8].

It has been demonstrated that several antioxidants and antioxidant defense systems have been shown to protect cells
of target organs from Cd toxicity or reverse Cd toxicity [9, 10]. Manganese (Mn) and Selenium (Se) are essential trace
elements required in living organisms both as activators and constituents of antioxidant enzymes [11-13]. Manganese
is an important cofactor of mitochondrial superoxide dismutase while selenium is an essential component of glutathione
peroxidase which detoxifies peroxides and hydroperoxides [11, 14]. These antioxidant enzymes scavenge oxygen free
radicals which cause oxidative stress by membrane lipid peroxidation [14, 15]. It has been reported separately that
Manganese (Mn) and Selenium (Se) offer protective action against oxidative stress-mediated Cd toxicity from studies
involving Manganese and Selenium [12, 16]. However, other possible forms of exposure that combine the effect of
manganese and selenium appear not to have been appraised. Thus, in this study, we have examined the combined effect
of pre-supplementation with Mn and Se on short term exposure to a mild dose of Cd as determined by the level of the
pattern of tissue Cd bioaccumulation, membrane lipid peroxidation, and activity of the antioxidant defense system in
the hepatic and renal tissues of rats.

2. Material andmethods

2.1. Animal treatment

Wistar Strain male rats (b.wt. 180-200 g) purchased from the Animal House Unit, University of Jos, were used in the
study. They were allowed free access to a standard rat diet, ‘Vital Feed’ (purchased from Grand Cereals and Oil Mills Ltd,
Kuru, Nigeria) and tap water as drinking water, ad libitum. The respective working doses of Se (as Se0z2), and Cd (as
CdClz) administered orally to experimental animals in this study were obtained from our previous study [17] while that
of Mn (as MnClz) was first determined in a pilot study.

Rats were weighed and evenly distributed into four groups (control, Cd alone, Mn + Se + Cd and Mn + Se) with each
group consisting of 4 rats. All the rats in the four groups were allowed free access to the standard ‘Vital feed’ rat diet
and drinking water ad libitum throughout the experiment. The control rats received only rat diet and drinking water
while each rat in the Mn + Se + Cd and Mn + Se groups received twice daily, an oral supplement of Mn (3.0 mg MnClz/kg
b.wt ) and Se (3.0mg Se02/kg b.wt/day), as aqueous solutions of MnCl2 and SeO2 respectively, administered employing
a needle-free Syringe for a period of 7days. Thereafter, rats in the Cd alone and Mn + Se + Cd groups were each given
one single oral dose of CdClz in aqueous solution (3 mg CdClz/kg b.wt) daily for 3 days.

2.2. Tissue collection and preparation

At the end of the feeding experiment, on day 11, rats under anesthesia were sacrificed by decapitation and, in each case,
the liver and kidneys were excised and washed in ice-cold normal saline to remove adhering blood particles.
Homogenates of liver and kidney samples of each rat were prepared separately by homogenizing 1 g portion in ice-cold
50 mMTris-HCI buffer, pH7.4 (1:10, w/v) using a homogenizer. The homogenates of the liver and kidney tissues were
centrifuged at 2,400 xg for 10 minutes in a refrigerated low-speed centrifuge and the supernatant fractions were
collected with Pasteur Pipette into plastic vials and stored at 2 °C pending biochemical analysis. The rest of the kidney
and liver samples were used for the determination of Cd content.

2.3. Tissue cadmium determination

The liver and kidney cadmium concentration were analyzed using inductively coupled plasma optical emission
spectrophotometer (ICP OES) optima 2000DV after wet digestion. One gram portion of the tissue was digested with 20
ml HNOs-HCLO4 mixture (1:4 v/v) at 100 °C and the resultant digest diluted to 100 ml with deionized water [18].
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2.4. Determination of lipid peroxidation

Lipid peroxidation in the liver and kidney homogenates was determined by measuring the concentration of
malondialdehyde (MDA) as thiobarbituric acid reactive substance as described by Ohkawa et al. [19]. The reaction was
started by mixing 0.4 ml of tissue homogenate with 1.6 ml of 50 mMTris-KCl buffer and then0.5 ml each of 30%
trichloroacetic acid (TCA) and 0.75% thiobarbituric acid (TBA) was added and the reaction mixture was incubated in a
water bath at 80°C for 15 minutes. Thereafter, the mixture was cooled and centrifuged at 24000 g for 10 minutes. The
absorbance of the tissue supernatants was read at 532 nm in a 650UV spectrophotometer. The detected MDA as a
marker of lipid peroxidation in units/mg protein was estimated using the molar extinction coefficient at 532 nm of 1.56
x 105 M1 cm™

M ( units ) Absorbance x volume of the mixture

mg protein/ ~ Molar extinction coefficient x volume of sample x mg

2.5. Determination of catalase (EC: 1.11.1.6)

Catalase (CAT) (EC1.11.1.6) activity in the liver and kidney homogenates was determined by assaying the rate of
decomposition of hydrogen peroxide as described by Aebi [20]. The enzyme assay totaling 1 ml was constituted with
100 mM phosphate buffer (pH 7.0), 0.1 mM EDTA, 0.1% H202, and 100 pL enzyme extract. The decrease of H202 was
monitored at 240 nm and quantified by its molar extinction coefficient (¢ = 39.4 mM-1 cm-1). CAT activity was expressed
as Umg-! protein. The concentration of the enzyme required to breakdown one pmol of H202 per minute is referred to
as one unit of CAT activity.

2.6. Determination of superoxide dismutase (EC1.15.1.1)

The activity of the antioxidant enzyme, superoxide dismutase (SOD) was determined by its ability to inhibit the
autooxidation of epinephrine as described by Misra and Fridovich [21]. The assay procedure began with the addition of
an aliquot of the sample to 2.5 ml of 0.05 M carbonate buffer (pH 10.2) which was allowed to equilibrate in the
spectrophotometer. The reaction was initiated by the addition of 0.3 ml of freshly prepared 0.3mM adrenaline to the
mixture which was quickly mixed by inversion. Thereafter, the increase in absorbance at 480 nm due to the formation
of the product of the reaction, adrenochrome, was monitored every 30 seconds for 150 seconds. The overall reaction
mixture consists of 2.5 ml buffer, 0.3 ml of the substrate (adrenaline), and 0.2 ml of water. The concentration of SOD
necessary to cause 50% inhibition of the oxidation of epinephrine to adrenochrome during the 150 seconds defines one
unit of SOD activity.

Calculation:

Increase in Absorbance per minute = (A3 — Ao)/2.5
Where; Ao = absorbance after 30 seconds and

A3z = absorbance after 150 seconds.

% Inhibition = Increase in absorbance of substrate x 100
Increase in absorbance of blank

2.7. Determination of glutathione peroxidase (EC: 1.11.1.9)

The assay of glutathione peroxidase (GPx) activity based on the principle of oxidation of GSH to GSSG was measured
spectrophotometrically using the procedure described by Paglia and Valentine [22]. The reaction mixture contained
50mM potassium phosphate buffer (pH 7.0), 1mM Ethylenediaminetetraacetic Acid (EDTA), 1 mM sodium azide, 0.2
mM f3-Nicotinamide Adenine Dinucleotide Phosphate, Reduced Form (13-NADPH), 1 U glutathione reductase and 1 mM
reduced glutathione. After the addition of the sample, the reaction was allowed to equilibrate for 5 minutes at 25°C.
Thereafter, the reaction was initiated by the addition of 0.1 ml of 2.5 mM hydrogen peroxide and the rate of NADPH
oxidation to NADP+ was measured at 340 nm for 5 minutes. Glutathione peroxidase activity was expressed as nmol of
NADPH consumed/min/mg protein using the extinction coefficient of 6.2 x 103 M-1 cm! at 340 nm.
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2.8. Statistical analysis

All statistical analyses were carried out with GraphPad Prism 4.02 for Windows (GraphPad Software, San Diego, CA).
Significant differences between treatment effects were done using one way ANOVA, followed by Tukey's posthoc test
for multiple comparisons, and statistical significance was considered at p<0.05. Results were expressed as mean *
standard deviation (mean+ SD) and the number of replications (n) in figures denotes individual rats measured for each
parameter in each group.

3. Results

3.1. Liver and kidney cadmium concentration

The results of liver and kidney cadmium determination are summarized in Figure 1. Cadmium was detected in the liver
and kidney of both the control and treated rats. However, the mean Cd concentration in the liver and kidney of rats
exposed to Cd alone was significantly (p<0.05) higher than in the corresponding tissues of control rats and those treated
with Mn and Se. The liver and kidney of rats exposed to Cd following 7days pre-supplementation with Mn and Se had a
significantly lower (p<0.05) Cd concentration than the corresponding tissues of rats exposed to Cd alone. Whereas, the
liver and kidney of rats pre-supplemented with Mn and Se alone had a significantly lower (p<0.05) Cd concentration
than both the control and rats exposed to Cd alone. This suggests that pretreatment with Mn and Se protected against
bioaccumulation of Cd. Generally, the mean Cd concentration in the kidney tissue was significantly higher (p<0.05) than
that of the liver indicating that the kidney was more active in bioaccumulation of Cd than the liver.
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Figure 1 Effect of pre-supplementation with Mn and Se on cadmium concentration of rat liver and kidneys.
Results are expressed as Mean+SD (n=4) Cd concentration (ug/ g tissue); a-values are significantly different from control (p<0.05); b-values are
significantly different from the group treated with Cd alone (p<0.05)

3.2. Membrane lipid peroxidation

The results of the assay of membrane lipid peroxidation determined as malondialdehyde (MDA) are summarized in
Figure 2. The concentration of MDA in the liver and kidney of rats exposed to Cd alone was significantly higher (p<0.05)
than in the corresponding tissues of the control and rats pre-supplemented with Mn and Se. However, pre-
supplementation with Mn and Se before Cd administration in the liver and kidney significantly decreased (p<0.05) MDA
concentration in the corresponding tissues of rats. Furthermore, the liver and kidney of rats pre-supplemented with Mn
and Se alone had a significantly lower (p<0.05) MDA concentration than both the control and rats exposed to Cd alone
and Cd pre-supplemented with Mn and Se. This suggests that pretreatment with Mn and Se protected against Cd-
induced membrane lipid peroxidation. Generally, the mean MDA concentration in the kidney tissue was significantly
higher (p<0.05) than that of the liver indicating that the kidney was more prone to Cd-induced membrane lipid
peroxidation than the liver.
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Figure 2 Effect of pre-supplementation with Mn and Se on cadmium-induced lipid peroxidation in rat liver and
kidneys.
Results are expressed as Mean+SD (n=4) MDA concentration (nmol/g tissue); a-values are significantly different from control (p<0.05); b-values are
significantly different from the group treated with Cd alone (p<0.05)

3.3. Non-enzymic tissue antioxidant, glutathione

The results of tissue glutathione determinations are summarized in Figure 3. The concentration of glutathione was
significantly lower in the liver and kidney of rats exposed to Cd alone when compared to the corresponding tissue of
the control rats indicating that exposure to Cd markedly depleted glutathione stores of the liver and kidney. However,
pretreatment with Mn and Se before Cd exposure significantly increased glutathione concentration in the liver and
kidney when compared to the corresponding tissues of rats exposed to Cd alone. This indicates that pre-
supplementation with Mn and Se before Cd exposure inhibited glutathione depletion by Cd. Furthermore, the liver and
kidney of rats pre-supplemented with Mn and Se alone had a significantly higher (p<0.05) glutathione concentration
than the control suggesting that pretreatment with Mn and Se busted antioxidant capacity of glutathione in the tissues.
Generally, the mean glutathione content of the liver is higher than that of the kidney, suggesting that the liver has higher
glutathione reserves than the kidney.
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Figure 3 Effect of pre-supplementation with Mn and Se on tissue glutathione content of rats exposed to Cd.
Results are expressed as Mean+SD (n=4) glutathione concentration (umol/g tissue); a- values are significantly different from control (p<0.05); b-
values are significantly different from the group treated with Cd alone (p<0.05)
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3.4. Antioxidant enzymes

The results of the activities of antioxidant enzymes catalase, superoxide dismutase, and glutathione peroxidase in the
liver and kidney are summarized in Figures 4, 5, and 6 respectively. The mean activity of each of the antioxidant enzymes
(CAT, SOD, and GPx) in the liver and kidney were significantly higher (p<0.05) in rats exposed to cadmium alone when
compared to the corresponding tissues of control rats suggesting that exposure to cadmium-induced the activities of
these antioxidant enzymes in the liver and kidney. However, pretreatment with Mn and Se before Cd exposure
significantly decreased the antioxidant enzyme-inducing effect of cadmium on CAT (Figure 4), SOD (Figure 5), and GPx
(Figure 6) in the liver and kidney. Furthermore, the liver and kidney of rats pre-supplemented with Mn and Se alone
had significantly lower (p<0.05) activities of antioxidant enzymes than the control suggesting that pretreatment with
Mn and Se inhibited induction of these antioxidant enzymes.
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Figure 4 Effect of pre-supplementation with Mn and Se on CAT activity in the liver and kidneys of rats exposed to Cd.
Results are expressed as Mean+SD (n=4) CAT activity (umol/g tissue); a-values are significantly different from control (p<0.05); b-values are
significantly different from the group treated with Cd alone (p<0.05)

SOD

80-
5 O Control
z a
Z 604 = O Cd
3 i B Mn +Se +Cd
~ 40 1 +Q
z _ N " [ Mn +Se
2 20-

0
Liver Kidney

Tissues Investigated

Figure 5 Effect of pre-supplementation with Mn and Se on SOD activity in the liver and kidneys of rats exposed to Cd.
Results are expressed as Mean+SD (n=4) SOD activity (unit/g tissue); a-values are significantly different from control (p<0.05); b-values are
significantly different from the group treated with Cd alone (p<0.05)
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Figure 6 Effect of pre-supplementation with Mn and Se on GPx activity in the liver and kidneys of rats exposed to Cd.
Results are expressed as Mean+SD (n=4) GPxactivity (unit/g tissue); a-values are significantly different from control (p<0.05); b-values are
significantly different from the group treated with Cd alone (p<0.05).

4., Discussion

This study was performed to investigate the effect of pre-supplementation with manganese and selenium on exposure
to mild concentrations of cadmium in experimental animals. Cd bioaccumulation was analyzed in the liver and kidney
of control and Cd treated male albino rats and our results showed that rats intoxicated with Cd bioaccumulated high
levels of the metal in their liver and kidney tissues than the control but pre-supplementation with Mn and Se markedly
reduced the level of bioaccumulation of Cd in the rat liver and kidney reflecting a protective effect of Mn and Se against
Cd bioaccumulation. This is in agreement with the previous studies which showed that oral intake of cadmium induces
its accumulation in these tissues [17]. The occurrence of small concentration of cadmium in the liver and kidney of rats
on the control diets has similarly been reported by previous workers [17,18,23]. This indeed is a reflection of the
ubiquity of cadmium in the food chain and the environment suggesting that the rats feeding environment may have
been contaminated by cadmium. The exact mechanism of Cd toxicity is not known but various reports are indicating
that Cd manifests its toxicity in humans and animals mainly through bioaccumulation in target tissues, stimulation of
the generation of free radicals and interference with the utilization of essential metals, all of which culminate in
oxidative stress [24-26]. On bioaccumulation, Cd can bind or combines with thiol or sulphydryl groups of several
biological proteins and endogenous antioxidant enzymes and form complexes with them leading to its bioaccumulation
in the tissue [27]. Cadmium can also replace and interfere with the utilization of essential micronutrient trace metals in
biological systems from various cytoplasmic and membrane proteins as well as essential metals transporter proteins,
thus increasing the pool of free metal ions in many biological systems [28]. This leads to disruption of the conformation
of these proteins leading to inactivation of their associated biological function as well as the generation of free radicals
that attack membrane lipid and other biomolecules culminating in oxidative stress. However, pre-supplementation with
Mn and Se before exposure to cadmium exposure is believed to ameliorate the cadmium-induced oxidative stress in the
tissues through the formation of cadmium-manganese and cadmium-selenium complexes which help in removal or
reduction of cadmium burden from various biological systems and thereby making the affected organs or tissues free
from cadmium burden or by interfering with free radical chain initiation and progression of Cd-induced oxidative
damage.

Membrane lipid peroxidation is considered as one of the early manifestations of oxidative damage to tissues such as the
liver and kidney and through the generation of MDA it has been shown to play important role in the toxicity of cadmium
in animals and humans [5,29-31]. Our findings confirm that exposure to cadmium causes a significant increase in
membrane lipid peroxidation in the liver and kidney and pre-supplementation with Mn and Se significantly reduced the
level of Cd-induced membrane lipid peroxidation products in the tissues. This is in agreement with reported protective
effects of antioxidant nutrients against Cd-induced lipid peroxidation in the liver and kidney [32]. It is believed that
exposure to Cd causes tissue damage due to excessive formation of free such as ROS leading to oxidative stress which
overwhelms the antioxidant defense systems of the body leading to the deterioration of biological membrane lipids
which in turn leads to increased lipid peroxidation. Many researchers have also reported an increased level of lipid
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peroxidation in various tissues of Cd treated rats [30,33,34]. The observed decrease in the level of lipid peroxidation in
the Cd intoxicated rats pre-supplementated with Mn and Se may be due to the excellent antioxidant activity of these
micronutrients which have been recognized to scavenge free radicals thereby inhibiting lipid peroxidation [30]. It was
reported that ROS may propagate the initial attack on lipid membranes to cause lipid peroxidation [5,31]. The extent of
reduction of Cd-induced lipid peroxidation by Mn and Se pre-supplementation was highest in the liver than in the
kidney.

Glutathione is a naturally occurring endogenous nonenzymatic antioxidant which functions in the cellular defense
mechanism of the body against various toxicants including heavy metals [10,35]. Our study found that exposure to
cadmium-induced a significant depletion of glutathione in the rat liver and kidney but pre-supplementation with Mn
and Se effectively prevented the tissue depletion of glutathione reserves. The observed sparing effect of Mn and Se pre-
supplementation on Cd-induced depletion of the endogenous nonenzymatic antioxidant, glutathione is in agreement
with our previous findings that exposure to Cd caused a marked decrease in the concentration of glutathione in the rat
liver and kidney which was increased in antioxidant supplementation [17,36]. Furthermore, other researchers have
also reported a decrease in glutathione levels in the liver and kidney which was increased with antioxidant
supplementation [23]. The underlying mechanism of glutathione action in the tissues involves the removal of free
radicals such as H202 and superoxide anions, maintenance of membrane protein thiols groups, and acting as a substrate
for antioxidant enzymes [37,38]. Arecent study reported that GSH forms the first line of defense against oxidative stress,
by direct interaction of its thiol group with ROS and/or it can be involved in the enzymatic detoxification reaction of
ROS as a cofactor or as a coenzyme [38].

On antioxidants, the three primary endogenous antioxidant enzymes that constitute a mutually supportive first line of
defense systems for the removal of reactive oxygen species and protection of cells, tissues, and organs from oxidative
damage are catalase (CAT), superoxide dismutase (SOD)and glutathione peroxidase (GPx) [25,30,39]. Our results have
shown that exposure to cadmium significantly increased CAT, SOD, and GPx levels in the liver and kidney of Cd
intoxicated rats which was effectively reduced by pre-supplementation with Mn and Se. The observed decrease in the
antioxidant enzyme level in Mn and Se pre-supplementation is in agreement with our previous studies which reported
that exposure to a mild concentration of Cd caused a marked increase in the concentration of antioxidant enzymes which
was reversed by antioxidant pretreatment [17,36]. Some researchers have also reported similar increases in the
concentration of antioxidant enzymes in the liver and kidney [40] while others’ results are at variance with our findings
and reported a decrease in the activity of antioxidant enzymes in the liver and kidneys of rats treated with Cd
[18,23,41].The increase in CAT, SOD, and GPx activities may be interpreted as a protective response against cadmium
toxicity; that is enzyme levels increases as a protective mechanism [40]. Studies have also shown that when cells are
exposed to many xenobiotics and prooxidants, enzymes responsible for their metabolism are induced [42]. Indeed, it
has been shown that the activity of antioxidant enzymes behaves in two different ways during oxidative stress [40]. At
the beginning of stress, this activity increases, while in the long term, it is reduced due to the massive production of free
radicals. This reduction is the result of damage to the molecular machinery that is required to induce these enzymes
[40]. The apparent contradiction between these reports and our present findings is traceable to the difference in the
oral dose of Cd and duration of exposure. As our cadmium dose (3mg/kg) for a three-day Cd exposure is relatively mild
compared to other workers Cd doses of 15mg Cd/kg for four weeks [23] and 100mg Cd/kg for 16 weeks [18]

5. Conclusion

It can be concluded from the findings of this study that Mn and Se pre-supplementation offers protection against Cd-
induced oxidative damage to tissues as determined by tissue Cd disposition system, membrane lipid peroxidation, and
the antioxidant defense system.
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