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ABSTRACT

Background and Objective: In this study, we investigate the protective effect of selenium (Se) against
cadmium (Cd) intoxication in the rat by monitoring some selective cytokines (interleukin-1( [IL-10], tumor
necrosis factor-ot [TNF-c], IL-6, IL10 and interferon gamma [IFN-y]) and antioxidant enzymes (glutathione
[GSH], catalase [CAT], superoxide dismutase [SOD], nitric oxide) and lipid peroxidation (malondialdehyde
[MDA]). Material and Methods: The Cd was orally administrated at dose 20 and 40 mg/L in drinking water
for 30 days. The Se orally administrated at a dose rate 0.1 mg/kg bw/day also for 30 days with Cd. Blood
samples were collected from heart puncture at the end of experiment (30 days) and serum was separated
for estimation the immunological parameters studies. Results: the Se improved elevation of serum IL-
18, IL-6, TNF-c, IFN-y and MDA as well as enhanced antioxidant enzymes activities GSH, CAT and SOD.
Furthermore, Se ameliorate the Cd induce liver and kidney damage by improving hepatic and renal markers.
Conclusions: We could be concluded that Se interaction with Cd extend our understanding of Se biological
functions as a potential countermeasure against immunosuppressive as well as hepatic and renal oxidative
damage induced by Cd in rats.
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INTRODUCTION

Adverse immune effect of chemicals defined as immunotoxicity
have been used a sensitive biomarker for assessing health effect
of environmental pollution. Immunotoxic effect of heavy metals,
as a typical environmental agent and their mechanism are area of
interest. Cadmium (Cd) is one of the most toxic heavy metals, an
environmental and occupational pollutant endangering human
and animal health [1,2]. It has been suggested that Cd may be
an environmental risk factor for osteoporosis and fertility as well
as nephrotoxicity, hepatotoxicity and immunosuppressive [3,4].
The immunotoxic effects of Cd have been reported on the
development of immune organs, on the differentiation of immune
cells, and on specific and nonspecific immune responses [5]. This
indicates an impact on the immune system as a whole, which can
lead to a significant decrease in host resistance. Moreover, some
of the specific changes that lead to tissue damage and death in
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chronic exposure of Cd have been related to oxidative stress [6].
The associated toxic effects of Cd attributed to suppression of
free radical scavenging function and the enhancement of reactive
oxygen species (ROS) contributes to Cd induced oxidative stress

and lipid peroxidation (LPO) [7-9].

Selenium (Se) is an essential trace element for mammals.
Through selenoproteins, this mineral participates in various
biological processes such as antioxidant defense, thyroid hormone
production, and immune responses. Some reports indicate that a
deficient in Se may be prone to certain diseases. Adverse health
effects following Se overexposure, although very rare, have been
found in animals and people. Se interaction with Cd has been
reported and may reduce Cd accumulation in the body [10].

For the reasons outlined above, we decided to study the
immunosuppressive, renal and hepatic damage as well as
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oxidative stress effects of Cd and the putative protective effects
of Se in rat.

MATERIALS AND METHODS

Forty male albino rats (200 = 10 g) 10-12 weeks old were
conducted in our study. Rats were randomly divided into five,
equal groups. The groups treated as following. The first group
was keep as a negative control, whereas the second and third
groups were given a 20 and 40 mg Cd/L in drinking water
respectively according to [11] for 30 days. While the fourth and
fifth groups were administrated Cd 20 and 40 mg/L with Se orally
administrated at a dose rate 0.1 mg/kg bw [12].

Blood samples were taken in the test tube without anticoagulant.
The samples were centrifuged at 3000 rpm for 10 min and
the clear serum was separated carefully for determination of
some selective humoral immunological parameters (tumor
necrosis factor-oo [TNF-a, interleukin 18 [IL-1 B], 1L-6,
IL-10 and interferon gamma [IFN-y.] were measurement by
Enzyme Amplified Sensitivity Immunoassay [EASIA, R and D
Systems, Minneapolis, MN, USA]) performed on microplate
according to enclosed pamphlet (Aushon Searchlight Biosystem,
Billerica, MA). The lower detection limits of 1.5 pg/ml for IL-1p,
6.3 pg/ml for IL-6, 5.4 pg/ml for IL-10, 3.1 pg/ml for TNF-o., and
6.2 pg/ml for IFN-y. Were also tested using data are presented
as pg cytokine/ml serum.

Antioxidant markers, reduced glutathione (GSH), superoxide
dismutase (SOD), catalase (CAT) and malondialdehyde
(MDA), were determined from undiluted serum samples
using commercially available ELISA Kits (Cayman Chemical
Co, USA). The plates were read at 450 nm and a correction
wavelength of 550 nm on a computerized automated
microplate ELISA reader. alanine transaminase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP)
activities were assayed by using commercial kits (Human,
Diagnostic Co., Germany), while total protein, albumin, uric
acid, urea and creatinine (Crescent Diagnostic Co., KSA)

were estimated spectrophotometeic (BM Co., Germany, 5010)
according to enclosed pamphlets.

Statistical Analysis

Our results were analyzed by one-way (ANOVA) using SPSS
software statistical program (SPSS for windows, version 15.00,
USA) followed by less significant difference. The groups
were significantly different if P value was statistically lower

than 0.05 [13].
RESULTS

In this study, the serum cytokines IL-1B, TNF-ot and [FN-y
revealed highly significant increase in Cd treated groups, while
the serum level of IL-6 was a significant increase in higher doses
of Cd administrated group as compared with the control group.
No significant change was observed in serum level of IL-10 in
Cd treated groups compared with the control group. The above
cytokines serum level in Cd and Se treated groups were none
significant change when compared with control groups [Table 1].

Our results show that marked significantly decreased in
antioxidant enzymes, GSH, CAT, in both Cd treatment group,
while SOD and nitric oxide (NO) were significantly decreased
in higher dose in Cd treatment group when compared with
the control group. Furthermore in Cd treatment groups,
peroxidation MDA was significantly increased in both Cd treated
groups when compared with the control group. The antioxidant
markers, GSH, CAT, SOD, NO, and MDA were none significantly
decreased when compared with the control group [Table 2].

The serum biochemical parameters in our work revealed
alteration in hepatic markers in Cd administrated groups when
compared with the control group. There was a significantly
increased in ALI and AST serum activities while a significant
decreased in total protein and albumin; meanwhile, non-
significant changed in alkaline phosphatase in Cd treated groups
in compared with the control group. In the Cd and Se group

Table 1: Effect of Cd and Se on some selective cytokines markers (mean=SE) 30 days post-treatment

Group TNF-o (Pg/ml) IL-1-B (Pg/ml) IL-6 (Pg/ml) IFN-y (Pg/ml) IL-10 (Pg/ml)
Control 24.41+1.2° 32.62+3.4° 21.92+4.92 42.32+4.6° 9.19+1.2¢°

Cd 20 45.25+6.2°2 65.14+4.9° 26.44+4.4 57.24+5.1? 10.34+1.4°
Cd 40 59.34+7.4% 89.16+6.4° 35.85+3.2° 64.71+6.97 9.67x1.01°
Cd 20 and Se 25.83+3.4° 36.87+5.5¢ 24.18+3.2¢2 46.82+6.7° 10.95+1.12
Cd 40 and Se 22.66+2.9° 38.19+7.4¢ 23.94+4.1% 45.38+5.6" 9.94+1.25%

abc)\eans in the same column not followed by the same letter differ significantly (P<0.05). SE: Standard error, TNF-o: Tumor necrosis factor-o,

IFN-y: Interferon gamma, IL: Interleukin, Se: Selenium, Cd: Cadmium

Table 2: Effect of Cd and Se on some selective oxidative stress markers (mean=SE) 30 days post-treatment

Group GSH (umol/L) Catalase (U/ml) SOD (U/ml) NO (umol/ml) MDH (umol/ml)
Control 9.42+0.35% 5.18+0.25% 5.72+0.16% 8.51+0.49* 8.85+0.82°
Cd 20 6.51+0.26" 4.89+0.38° 5.22+0.29% 7.92+0.68% 12.1+0.41*
Cd 40 4.14+0.12° 3.41+0.18° 3.69%0.20° 5.47+0.41° 12.52+0.39°
Cd 20 and Se 8.15+0.21% 4.92+0.202 5.29+0.32° 7.98+0.71* 9.12+0.59°
Cd 40 and Se 8.92+0.27 4.88+0.17 5.65+0.35 8.14+0.95° 9.01+0.42°

abc\leans in the same column not followed by the same letter differ significantly (P<0.05). GSH: Glutathione, SOD: Superoxide dismutase, NO: Nitric
oxide, MDH: Malate dehydrogenase, SE: Standard error, Se: Selenium, Cd: Cadmium
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treated with low dose show none significant change in ALT and
AST serum level when compared with the control group. Total
plasma protein was none significant change in Cd and Se treated
groups when compared with the control group, while albumin
serum level was significantly increased in Cd and Se treated
groups when compared with Cd treated groups [Table 3].

Regarding to the renal markers, in our work, urea and creatinine
blood level elevated in groups intoxicated with Cd in comparison
with the control group. Uric acid was none significantly changed
in both Cd treated groups when compared with the control
group. In this work, the urea, creatinine and uric acid in Cd and
Se treated groups, show none significant change when compared
with the control group [Table 4].

DISCUSSION

Environmental toxicants such as Cd may produce a variety
of clinical manifestations. In man and animals, several organ
systems, including the renal, hepatic, and immune system.
Several studies have documented immunosuppressive effects
of Cd on the immune system [14,15].

In the current study the Cd administrated group show
elevation serum cytokines IL-1pB, IL-6, TNF-o and IFN-y
in compared with the control group. Cd induced elevation
in proinflammatory cytokines IL-1f and IL-6 in human
fibroblasts after exposure to 7 uM Cd2+ for 7 h [16]. Cd
also induced the release of TNF-o,, IL-6 and IL-8, which may
indicate some potential to induce deleterious effects through
this pathway [17]. In the same aspect treatment of albino rats
with CdCl (2.5 mg/kg bw) for 2 weeks resulted in a significant
increase in TNF-o and IL-1 [18]. Elevation of [FN-y observed
after incubation of cultivated peripheral blood mononuclear cell
with high concentrations of 100 mumol of Cd chloride [14]. The
immunomodulatory response of Se was documented by none
significant change cytokines serum level in Se and Cd treated
groups when compared with the control group. Regarding the
immunomodulatory effects of Se, the immune response in
albino rats dietary supplemented with Se § and 12 PPM for
14 days enhanced by increasing in antibody response to sheep
red blood cell of the supplemented groups [19]. The in vivo
immuno-enhancement activity of selenium-exopolysaccharide
(Se-EPS) in immunosuppressed mice was researched. Se-EPS
treatments increased macrophage phagocytosis, spleen and
thymus indices and hemolytic complement activity [20].
Morcover, the dictary supplementation of Se in a dose
107 g Se/kg for the period of 10 days enhanced neutrophils
phagocytosis function [21]. Furthermore, IL-1 activity was
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unatfected by Se administered to female Sprague-Dawley rats

for 10 weeks at 0.5 and 2.0 ppm [22].

The enzymatic antioxidant defense system includes mainly
SOD, CAT, glutathione peroxidase (GPx) and GSI and this
system protects cells against ROS toxicity and LPO. SOD
converts the superoxide anion radical to hydrogen peroxide
and CAT cleaves this hydrogen peroxide into the molecules of
water and oxygen [23]. GPx is a selenoenzyme that catalyzes the
oxidation of GSH to glutathione oxidase and thereby scavenges
the H,O, [24]. Our results show that marked significantly
decreased in antioxidant enzymes, GSH, CAT, and SOD and
NO were significantly decreased in Cd treatment groups,
while LPO MDA was significantly increased. Cd decreased
antioxidant markers activities such as GSH, CAT, SOD, NO,
and significant increased MDA in rats received Cd chloride
(5 mg/kg bw) for 28 days and (1.5 mg/4 ml/kg) daily for 5 days
has been reported [25,26], respectively. Moreover, our findings
are consistent with other published reports, which quoted
that antioxidant markers concentration decreased during Cd
intoxication [27,28]. Cd has been documented to impact the
body system damage through inhibited antioxidants markers
and induced oxidative damage with ROS generation, which
destruct proteins, lipids and DNA by oxidation. LPO involves
a broad spectrum of alterations in cells and the consequent
degeneration of cell membranes. Free radicals and intermediate
products of peroxidation are capable of damaging the integrity
and altering the functions of bio-membranes, which can leads
to the development of many pathological processes [25].
Cd interferes with intracellular signaling network and gene
regulation at multiple levels. Some of the specific changes that
lead to tissue damage and death in exposure of Cd have been
related to oxidative stress and thiol depletion [6]. Furthermore,
in yitro Cd2+ exposure caused cell death, ROS generation,
activation, apoptosis, and finally inhibitors of cellular signaling
pathways [29]. Studies with Cd revealed that the primary route
for Cd toxicity is the depletion of GSH and binding of Cd to
- SH groups of proteins. The depletion of cellular sulfhydryl
reserves scems to be an important indirect mechanism for
oxidative stress induced by Cd [30]. Suppression of free radical
scavenging function and the enhancement of ROS contributes
to Cd induced oxidative stress, LPO and its associated toxic
effects [7,8]. LPO is thought to be an important mechanism of
the cell membrane injury and MDA is one of its end-products,
which is generated during the oxidative degradation of lipids
[31]. The enhanced LPO might result from the reduction in
the activities of CAT, SOD and GSH observed in our work,
since these antioxidant enzymes protect from this process via
elimination of ROS. Cd induced liver damage is associated with

Table 3: Some selective liver function markers (mean=SE) 30 days post-treatment with Cd and Se

Group ALT (IU/L) AST (IU/L) ALP (IU/L) Total protein (g/dl) Albumin (g/dl)
Control 41.2+3.29¢ 52.8+3.56° 118.2+9.21% 7.56+0.49° 3.72+0.28°
Cd 20 62.5+5.41° 69.1+5.28" 122.4+8.142 6.25+0.38" 2.54+0.21°
Cd 40 82.4+6.32? 86.1+6.22°2 127.1+£9.16% 6.12+0.41° 2.32+0.28°
Cd 20 and Se 45.1+5.12% 56.4+5.21% 125.6+7.85% 7.41+0.342 3.51%+0.31%*
Cd 40 and Se 54,1+5.22¢ 62.5+7.12¢ 121.2+8.15% 7.25+0.29% 3.01%+0.25°¢
abedMeans in the same column not followed by the same letter differ significantly (P<0.05). ALT: Alanine transaminase, AST: Aspartate
aminotransferase, ALP: Alkaline phosphatase, SE: Standard error, Se: Selenium, Cd: Cadmium
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Table 4: Some selective kidney function markers (mean=SE)
30 days post-treatment with Cd and Se

Group Urea (mg/dl)  Creatinine (mg/dl)  Uric acid (mg/dl)
Control 40.1+4.45° 0.46+0.12° 0.92+0.167
Cd 20 55.9+3.15% 0.75%0.112 1.12+0.11¢°
Cd 40 59.1£3.29° 0.82%£0.132 1.18+0.14°
Cd 20 and Se 42.2+3.25° 0.51+0.15"° 1.01£0.18°
Cd 40 and Se 44.6+5.26° 0.58+0.18" 1.10+0.12°

a2bMeans in the same column not followed by the same letter differ
significantly (P<0.05). SE: Standard error, Se: Selenium, Cd: Cadmium

increased LPO [32-34]. In the current study, GSH, CAT, SOD
antioxidant markers and MDA in Cd and Se treated groups show
insignificant change when compared with the control group. Se
supplementation may prevent the formation of free radicals and
the process of LPO [35]. The protective effect of Se against Cd
induce tissues damage could be attributed it is own antioxidant
activity and enhanced the cellular antioxidant enzymes [36)].

Cd produces a variety of health hazards in humans and
animals due to its ability to induce severe alterations in
various organs and tissues including nervous system [25];
meanwhile, liver and kidney are considered as the main targets
of Cd induced toxicity [26,37]. The hepatotoxicity of Cd
demonstrated by alteration of serum hepatic markers in Cd
administrated groups. There was a significantly increased in
ALT and AST serum activities, while a significant decreased
in total protein and albumin; meanwhile, non-significant
changed in alkaline phosphatase in Cd treated groups in
compared with the control group. A significant increased
hepatic markers, AL, AST, ALP, total bilirubin in rats received
Cd chloride (5 mg/kg bw) for 28 days [25]. Furthermore, ALT
and AST were elevated in rats intraperitoneal injected with Cd
2 mg/kg/day for 8 days [38]. This clevation could be attributed
to liver damage included swollen and ruptured parenchymal
cells leukocytes infiltration, and focal necrosis. The tissues
damage, could attributed to, during Cd exposure most of the
antioxidant enzymes become inactive due to its binding to
the active sites of the enzyme containing —SH groups, result
in enhances ROS [39]. On the other hand, Obianime and
Roberts [40] recorded decrease serum ALP in the rat after 4 h of
Cd administration at a dose 40 mg/kg bw. The hypoproteinemia
and hypoalbuminemia in the present work could be attributed
to liver damage and proteinuria as a renal dysfunction in
laboratory animals is commonly reported in Cd toxicity [37].

In the present work, the Se ameliorate Cd hepatotoxicity
in Cd and Se treated group. Several mechanisms could be
operating in the protective action of Se, which could result,
for example, in changed absorption of the Cd or in a change in
their action and distribution in the organism and within target
organs. The protective mechanism of antioxidants and Se in
Cd-induced tissues damage has been documented by several

authors [36,38,40].

The kidney is generally recognized as the most critical organ
affected by chronic exposure to Cd. Renal dysfunction in
laboratory animals is commonly reported in Cd toxicity.
Cd rcaches the kidney in the form of Cd-metallothionein
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is filtrated in the glomerulus, and subsequently reabsorbed
in the proximal tubules. It then remains in the tubules
cells result in tubular damage [41]. Concerning to the renal
markers, urea and creatinine blood level elevated in groups
intoxicated with Cd. Elevated serum level of urea and creatinine
reported in rats received 40 mg/kg bw [40]. Proteinuria and
histopathologic damage have been observed at doses ranging
from 1.8 to 2.5 mg/kg bw/day Cd in rats [37]. Moreover,
chronic environmental oral exposure to Cd in humans leads to
renal failure, characterized by proteinuria due to renal tubular
dysfunction [42]. The urea and creatinine in the Cd and Se
treated groups was none significantly changed when compared
with the control group. The evidence of Se ameliorate the
renal damage in Cd intoxicated rat by reducing the urea and
creatinine serum level demounted by [40]. The protective effect
of Se against Cd toxicity could be attributed to it is antioxidant
activity. Interactions between nontoxic levels of dietary Se and
relatively high levels of dietary Cd apparently resulted in partial
amelioration of Cd toxicity in different systems [43].

CONCLUSION

Our results demonstrated that Cd is capable of causing
marked oxidative stress in addition inhibiting the activities of
antioxidant enzymes. The treatment with Se could significantly
attenuate the Cd induced immunosuppressive oxidative stress
as well as hepatotoxicity and renal damage.
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