Food and Nutrition Sciences, 2014, 5, 1418-1427 ’0:0 Scientific
Published Online August 2014 in SciRes. http://www.scirp.org/journal/fns .02:0 Research
http://dx.doi.org/10.4236/fns.2014.514155

The Effect of Selenium and Lycopene on
Oxidative Stress in Bone Tissue in Rats
Exposed to Cadmium

Tarfa Al Ibrahim?, Hamza Abu Tarboush?*, Ahmad Aljada3, Mai Al Mohanna*

'Department of Food Science and Nutrition, Princess Noura Bint Abdulrahman University, Riyadh, KSA
2Department of Food Science and Nutrition, King Saud University, Riyadh, KSA

3Department of Basic Medical Sciences, King Saud bin Abdulaziz University for Health Sciences & King Abdullah
International Medical Research Center (KAIMRC), Riyadh, KSA

4King Faisal Specialist Hospital and Research Centre, Riyadh, KSA

Email: t.ibrahim811@gmail.com, *tarboush@ksu.edu.sa, aljada2000@gmail.com, malmohanna@kfshrc.edu.sa

Received 5 June 2014; revised 8 July 2014; accepted 20 July 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

This study examined the effect of selenium (Se) or lycopene (Lyc) and their combination on oxida-
tive stress in bone following cadmium (Cd) exposure in vivo. Cd exposure enhanced accumulation
of Cd in femur with subsequent increase in LPO and PC and decreased antioxidative enzyme activ-
ities in rat femur, along with significant decreases in body and femur bone weights. Subcutaneous
(s.c.) injection of Se or Lyc reduced Cd accumulation in bone and increased body and femur weights,
when given individually or concomitantly. Antioxidant enzyme activities maintained and/or in-
creased following Se and Lyc supplementation when given individually or concomitantly. However,
lycopene dose of 10 mg/kg of body weight alone or selenium alone provided better protection to
bone tissues of rats against oxidative stress compared to treatment with their combination. Sele-
nium and lycopene could be used as a dietary supplement to protect against bone oxidative stress
in areas exposed to Cd pollution.
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1. Introduction

Industrial development in Saudi Arabia has led to various environmental pollutions especially with heavy metals.
Badr et al. [1] indicated that pollution with heavy metals including cadmium increased in Jeddah, Rabeg and
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Yunbou (West of Saudi Arabia). Moreover, pollution of rice consumed in Saudi Arabia has increased due to
contamination by cadmium [2]. Study conducted by Al-Farraj and Al-Wabel [3] confirmed the increase in cad-
mium contamination in soils of Saudi Arabia. They pointed out that contamination of soil with cadmium in
Mahd Alzahab (South East of the city of Madinah, Saudi Arabia) comprised 88% of the total heavy metals con-
tamination.

Cadmium is dangerous to humans since it affects many organs in human body particularly bone [4]. Cadmium
may affect bone tissue through disorders due to oxidative/antioxidative balance which leads to oxidative stress
and antioxidants deficiency can have a negative impact on bone health, whereas antioxidants may prevent the
disorders impacted by the oxidative damage induced by reactive oxygen species (ROS) in the bone tissue [5].
Daily selenium intake of 77.8% breast-fed infants in Saudi Arabia is low [6] compared to US recommendation
[7]. Selenium is a known antioxidant essential element [8]. Lycopene is also an antioxidant which is found to
decrease the risk of bone resorption markers [9]. The combination of selenium and lycopene could have even
more effects compared to the effects of each one alone. Therefore, the aim of this research was to evaluate the
effect of selenium and lycopene alone or in combination on oxidative stress in bone tissue in rats exposed to
cadmium.

2. Materials and Methods
2.1. Animals and Experimental Protocol

Fifty-four Sprague Dawley male rats (7 weeks old) with an approximate weight of 200 - 250 gm. were utilised
in this study. The rodents were housed at King Faisal Specialist Hospital in plastic cages in a temperature-con-
trolled (21°C % 2°C) room with 12 h light/12 h dark cycle. A water and pellet laboratory animal diet was
available ad libitum (Table 1). Initial weights and weekly gain in weight of rats were recorded. The rats were
randomly divided into six groups with nine rats per group. Three groups were designated as “control groups”
and 3 were designated “treated groups”. The control groups were subcutaneously (s.c.) injected with saline solu-
tion or olive or Cd (3 mg/kg body weight), respectively. The first treated group was s.c. injected with Se (sele-
nium sodium selenite 99% (Na,SeO3)) (3.5 mg/kg) + (s.c.) injected with Cd (3 mg/kg body weight), while the
second group was s.c. injected with 10 mg Lyc/kg + (s.c.) injected with Cd (3 mg/kg body weight). The third
group was s.c. injected with Se (3.5 mg/kg) and 10 mg Lyc/kg + s.c. injected with Cd (3 mg/kg body weight).
The injection of Se or Lyc was 1 h prior to Cd injection. Administration of all doses was daily for the first four
weeks; however, due to changes in the skin of the treated rats, doses were given for four days weekly for the
remaining eight weeks of the study. Guidelines for animal care approved by the ethics committee of KFSHRS
were followed (RAC# 2110019). All animal experiments were maintained in accordance with guidelines for the
care and use of laboratory animals of the research centre at King Faisal Specialist Hospital & Research Centre,
Riyadh, KSA. Cd and Se were prepared by dissolving in sodium chloride (saline, 0.9% NaCl). Lyc was dis-
solved in olive oil before it was s.c. injected. The rats were euthanized at the end of the twelfth week using
ketamine (80 mg/kg) and xylazine (5 mg/kg) through intramuscular injection. The right femurs were dissected
out and the surrounding muscles and tissues were removed [10]. All femur samples were weighed and preserved
at—80°C.

Table 1. Diet composition”.

Dietary Components % of Laboratory Animal Diet (Net Weight 50 kg)
Protein 20%
Fat 4%
Fiber 3.05%
Energy 2770 kcal/kg
Calcium 0%
Phosphorus 0.60%
Vitamin A 20 pg
Vitamin D 2.20 pug

"Silos and flour mills organization, KSA.
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2.2. Preparation of Homogenised Bone Tissue Samples

Known weight slice of femurs were washed out in ice-cold saline (0.9% NaCl) to eliminate the bone marrow.
The homogenised samples were prepared as previously described [11] [12]. RIPA buffer, as opposed to potas-
sium phosphate buffer, was used to obtain a 20% bone concentration, with an addition of butyl-hydroxytoluene
(BHT; Sigma-Aldrich) and protease inhibitors. The homogenates were centrifuged at 10,000 x g for 20 min at
4°C and the supernatants were collected and used for the measurements of oxidative stress indices and antioxi-
dant status. Analysis was performed in duplicate for all the analyses measured in this study.

2.3. Measurement of Cd Concentration

Slices of the femurs were dried at 64°C for 48 hours, and then digested and pulverised in nitric acid, according
to Kingston and Walter [13]. Cd concentration levels were then determined with MSnductively ICP coupleads
plasma mass spectrometry (ICP-MS).

2.4. Measurement of Antioxidants and Oxidation Levels in Bone Tissue

2.4.1. Catalase (CAT) Activity

CAT enzyme activity was assayed according to the method of Aebi [14] using ready-made enzymatic prepara-
tions supplied by Sigma Aldrich, USA. The CAT enzyme activity was further determined by measuring the rate
of transformation of hydrogen peroxide to water by employing an optical spectrometer (Absorbance Microplate
Reader SpectraMax Plus 384, Molecular California Devices, USA) at a wavelength of 520 nm.

2.4.2. Cu-Zn Superoxide Dismutase (Cu-Zn SOD)

Cu-Zn SOD activity was determined according to the method of Kakkar et al. [15] by applying ready-made en-
zymatic solutions supplied by Cayman Chemical Company (Anne Arbour, MI, USA). An optical spectrometer
was used for the analysis at a wavelength of 450 nm.

2.4.3. Cellular Glutathione Peroxidase (GPx)

Cellular GPx was determined using the method described by Rotruck et al. [16] using pre-prepared enzymatic
solutions (BioxytechGPx kit 340) supplied by Oix Research Chemical Company, USA. An optical spectrometer
was used for the analysis at a wavelength of 340 nm.

2.5. Lipid Peroxidation (LPO)

Malondialdehyde and 4-hydroxyalkenal were used as indicators of oxidation of polyunsaturated fatty acids. The
estimated fat oxidation was assayed by colouration of pre-prepared enzymatic solutions supplied by Oix
Chemical CO, USA (Biotech LPO-586 kit), and using a spectrometer at a wavelength of 586 nm [17].

2.6. Protein Carbonyl Content (PC)

PC were estimated as previously described [18] using the pre-prepared enzymatic solution (Protein Carbonyl
Flurometric Assay Kit, Cyman Chemical Company) and a Spectral Scanning Microplate Reader (Thermo-Lab-
systems Varioskan Flash Multimode, Thermo Fisher Scientific Inc., USA).

2.7. Statistical Analysis

Data were analysed using one-way ANOVA and SAS program. Duncan’s multiple range test was used to ana-
lyse data and to determine significant differences among treatment means. Values were considered statistically
significant when P < 0.05. We determined that a sample size of 8 would detect a difference in bone weight fol-
lowing Cd administration of =25% at P = 0.05 with 80% power. However, a sample size of n = 9 per group was
used to account for any animal loss or bad sample collection.

3. Results
3.1. Effects of Cadmium, Selenium and Lycopene on Body Weight

The effect of cadmium on the body weight of rats is shown in Table 2. The body weight of the cadmium treated
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Table 2. Body weight and body weight gain in control saline C and rats exposed for 12 weeks to cadmium (Cd), cadmium +
selenium (Cd + Se), cadmium + lycopene (Cd + Lyc), cadmium + lycopene + Se (Cd + Lyc + Se).

c Cd Cd + Se Cd + Lyc Cd + Lyc + Se
Initial body weight (g) 240 + 63" 237 £ 4.5* 242 £3.3% 235 +3.8* 238 +3.0%
Final body weight (g) 349 + 64° 265+ 12.24 285+ 118 323 +4.0° 294.8 £ 548
% Body weight gain (12 weeks) 46 +2.9* 9+1.3° 24 + 3.6° 38+1.9° 24 +2.01°

Results are presented as mean + SE; Means not sharing a common superscript a big letters in column are significantly different at P < 0.0 5; Means not
sharing a common superscript a small letters in raw are significantly different at P < 0.05 as assessed by Duncan’s multiple-range test.

rats increased slightly (9%) but the body weight of the other two control treated rats increased significantly (P <
0.05) at the end of the experimental period. Chen et al. [19] indicated a decrease in the body weight of male
Sprague Dawley rats treated with cadmium at a dose of 1.5 mg/kg body weight. Rabbits treated with oral dose of
5 mg cadmium/kg b.w. showed significant (P < 0.05) decrease in body weight after four months when compared
to the control group. On the other hand, treatment of the male rats with selenium and lycopene either alone or in
combination caused statistically (P < 0.05) increase in body weight (Table 2). The increase in body weight was
higher in the rats treated with 10 mg lycopene/kg b.w. than the other treated groups as well as the cadmium
treated one. These results agree with results reported by Messaoudi et al. [20], who reported that selenium in-
creased the body weight of Wistar rats exposed to cadmium. The increase in body weight of rats in this study
also agree with the finding of Rencuzogullari and Erdogan [21], who showed an increase in the body weight of
rats exposed orally to cadmium and given a dose of 10 mg lycopene/kg b.w.

3.2. Effects of Selenium and Lycopene on Cadmium Concentration in Femoral Bone
Tissue and on Its Weight

Injection of the rats with dose of 3 mg cadmium/hg b.w. for 12 weeks caused accumulation of this element in
femoral bone tissue. Cadmium concentration increased significantly (P < 0.05) in these rats (about 574 folds)
compared to the other two control groups given saline solution and olive oil, respectively (Table 3). Results of
this study agree with the finding of Brozoska et al. [5], who indicated similar increase in bone tissue of rats giv-
en orally a dose of 2.5 mg cadmium/kg b.w. for six months.

A significant (P < 0.05) decrease in cadmium concentration in femoral bone tissue was observed in rats admi-
nistered selenium and lycopene either alone or in combination. However, selenium and lycopene alone had the
greatest effect than their combinations. Data are lacking in the literature (to the best of our knowledge) on the
effects of selenium and lycopene on cadmium concentration on bone tissue and this study report such data for
the first time. Due to the lack of such data comparison in this study was made with studies evaluated their effects
on other tissues. Brzoska et al. [10] studied the effect of zinc (60 mg/L of drinking water) on cadmium concen-
tration of the femoral bone tissue and found that zinc reduced the cadmium concentration by 18%. Alhazza’s
study [22] also indicated a reduction in cadmium concentration on the testes of rats exposed to cadmium and in-
jected by selenium (0.35 mg/kg b.w.).

Femoral bone weight decreased significantly (P < 0.05) in the group of rats exposed to cadmium compared to
control one (Table 3). Selenium and lycopene either alone or in combination reversed the effect of cadmium on
bone weight. Selenium and lycopene (10 gm/kg b.w.) alone and selenium plus lycopene (1 5 gm/kg b.w.) had
the greatest effect in reversing the loss of bone weight; however, full attainment of bone weight was not accom-
plished by the use of selenium and lycopene either alone or in combination. Brzoska et al. [10] indicated that
zinc given to rats exposed to cadmium increased bone weight after 12 months of the treatment. Selenium with
vitamin E or C improved also skeletal changes of the bone of the femoral osteoporotic rabbits [23].

3.3. Effects of Selenium and Lycopene on Oxidative Enzymes

The effects of selenium and lycopene either alone or in combination on CAT of male rats treated with cadmium
are shown in Table 4. Cadmium administration for 12 weeks reduced CAT activity in rats bone tissue by 60%
(from 30 to 18 umole/min/mg of protein). Selenium and lycopene alone preserved CAT activity completely,
whereas their combinations preserved most of this activity (Table 4). Study by Messaoudi et al. [24] revealed
that zinc and selenium either alone or in combination preserved CAT activity in the red blood cells of rats ex-
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Table 3. Cdmium concentration ( Cd conse) in femoral bone and femoral bone weight of control saline C and rats exposed
for 12 weeks to cadmium (Cd), cadmium + selenium (Cd + Se), cadmium + lycopene (Cd + Lyc), cadmium + lycopene + Se
(Cd + Lyc + Se).

C Cd Cd + Se Cd + Lyc Cd + Lyc + Se
Cd conse mg/kg dry weight 13.3+1.8° 7652 + 254° 4392 +123° 4565 + 275° 5798 + 229"
Femoral bone weight gm 1.02 +0.023 0.69 +0.014° 0.95+0.020°  0.90 +0.020° 0.81 +0.021°

Results are presented as mean + SE; Means not sharing a common superscript letters in a row are significantly different at P < 0.05, as assessed by
Duncan’s multiple-range test.

Table 4. Catalase (CAT), cupper zinc superoxide dismutase (Cu-Zn SOD) activities, and glutathion peroxidase (GPx) in
bone tissue of control saline C and rats exposed for 12 weeks to cadmium (Cd) cadmium + selenium (Cd + Se), cadmium +
lycopene, cadmium + lycopene + Se (Cd + Lyc + Se).

Antioxidant activity C Cd Cd + Se Cd + Lyc Cd + Lyc + Se
CAT Umol/min/mg 29.6 + 1.40° 19+0.88° 30+1.13° 30.3+0.73 22.3+0.70°
Cu-Zn SOD U/mg 0.28 £0.01* 0.20 £ 0.02° 0.32 +£0.20* 0.29 +0.02° 0.31+0.01°
GPx mu/mg protein 411+0.3° 1.9+0.1° 45 +0.15° 4.4 £0.31° 4.9 +0.35°

Results are presented as mean + SE; Means not sharing a common superscript letters in a row are significantly different at P < 0.05, as assessed by
Duncan’s multiple-range test.

posed to cadmium but the effect of the combination of these two elements was less than that observed with ei-
ther of them alone. On the other hand, El Heni et al. [25] found that exposure to cadmium caused a decrease of
58.5% in CAT activity in the liver of rats; however, selenium and lycopene neither alone nor in combinations
had significant effects in the activity of this enzyme.

Treatment of male rats with cadmium also reduced significantly (P < 0.05) the activity of SOD in bone tissue,
whereas the treatment of these rats with selenium and lycopene either alone or in combination increased signifi-
cantly (P < 0.05) the activity of this enzyme (Table 4). These results do not agree with the findings of El Heni et
al. [25], who stated that selenium had no effect in SOD activity of rats exposed to cadmium. However, these re-
searchers used low dose of selenium (0.1 mg/L of drinking water). Moreover, selenium was given orally in their
study.

GPx activity also reduced significantly (P < 0.05) in the bone tissue of rats treated with cadmium and treat-
ments with selenium and lycopene either alone or in combination increased significantly (P < 0.05) the activity
of this enzyme (Table 4). Despite the beneficial effects of the all treatment with lycopene and selenium in in-
creasing the activity of GPx, it seems that combination of both of them had higher but not significant affect
compared to the effect of each of them alone (Table 4). Moreover, increasing the dose of lycopene to 15 mg/kg
b. w. had no extra beneficial effect on the activity of antioxidant enzymes.

Ognjanovic et al. [26] studied the effect of selenium in the kidney and liver of Wistar rats exposed to cad-
mium and found that selenium increased significantly (P < 0.05) the activity of GPx in these two tissues.

3.4. Effects of Selenium and Lycopene on Oxidative Status

Measuring the activity of antioxidant enzymes as well as indicators of oxidative stress such as Cu-Zn SOD/GPX,
malondialdehyde and protein carbonyl concentration are important to know the balance between the first and the
second stage of the function of antioxidant enzymes [27]. This means the balance between ROS production and
their destruction [28].

Lipid peroxidation was increased significantly (P < 0.05) by 79% in rats exposed to cadmium compared to
rats in the control group; however, both selenium and lycopene either alone or in combination prevented the ef-
fect of cadmium and the lipid peroxidation level in the treated rats maintained to its normal level as in the con-
trol group (Table 5). This result agrees with the finding of several researchers [5] [21] [29].

Cadmium not only oxidized lipid but also protein and this is indicated by the increase in protein carbonyl
concentration in bone tissue of rats exposed to this element (Table 5). Such affect indicates the breakdown of
protein in bone especially collagen [5]. Again selenium and lycopene either alone or in combination prevented
such effect; however, selenium and lycopene (10 mg/kg b.w.) had the greatest effect compared to the other
treatments. These results agree with the finding of Brzoska et al. [5].
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Table 5. Malondialdehyde (MDA), protein carponyl (PC) concentration in bone tissue of control saline C and rats exposed
for 12 weeks to cadmium (Cd) cadmium + selenium (Cd + Se), cadmium + lycopene of body weight (Cd + Lyc), cadmium +
lycopene of body weight.

Oxidative status C Cd Cd + Se Cd + Lyc Cd + Lyc + Se
LPO pm/mg protein 0.24+0.01° 0.43 +0.02° 0.21 +0.01° 0.25 +0.013° 0.22 +0.02°
PC nmol/mg protein 1.6 +0.14° 2.9+0.23° 1.6+0.12° 1.3+0.13° 22+0.20

Results are presented as mean + SE; Means not sharing a common superscript letters in a row are significantly different at P < 0.05, as assessed by
Duncan’s multiple-range test.

4. Discussions

Cd is an environmental pollutant that causes harm to the overall health of human beings. It adversely affects
many of the body’s tissues, including bone [30]-[32]. The importance of nutritional supplements such as phyto-
chemicals on lowering the harmful effects of Cd on the liver and kidney had been reported [29] [33]. These stu-
dies are consistent with the research of Brzoska et al. [5], who concluded that oxidative stress in bone tissue is
mainly from Cd exposure and may be responsible for the increase in the amount of people afflicted with bone
diseases. Therefore, the aim of this study was to find ways to reduce the oxidative stress levels in bone tissue
resulting from Cd exposure; specifically, to study the individual and concomitant effects of Se and Lyc on oxid-
ative stress levels in the bone tissue of laboratory rats that had been exposed to Cd.

The measurement of body weight and the rate of weight gain are important in toxicological studies [34], as
they are considered indicators of the extent of deterioration of health. A decrease in these factors is also an indi-
cator of the deficiency in the biological processes in the body [35]. In the present study, exposure to Cd did not
lead to a significant increase in body weight gain after 12 weeks from the commencement of the study. This in-
dicates a disruption in the growth of the Cd-exposed rats. These results are consistent with the findings of Chen
et al. [19], which indicated a decrease in the body weight of Sprague Dawley rats that were subcutaneously in-
jected with a dosage of 5 mg/kg of Cd. This study also confirms the findings of Yousef et al. which demon-
strated a significant reduction in the body weight of laboratory rabbits that were administered a dosage of 5
mg/kg of oral Cd for one month [35].

The reduction in body weight in the Cd-treated group observed could be due to a lack of appetite caused by
the high dosage levels. However, the findings could also be attributed to the impact that Cd exposure had on
weight of femurs and other tissues [10] [36] [37]. Interestingly, the reduction in the weight of bone tissue has
been associated with Cd as a result of its effect on several body mechanisms resulting in the generation of free
radicals [38]. For this reason, treatment with Se and Lyc, when administered separately or concomitantly, de-
creased the oxidative stress and enhanced or maintained antioxidant enzyme activities in the Cd treated rats, thus
improving rat food palatability, food intake and (eventually) their body weight gain (Table 2).

The impact of Cd on bone tissue is dependent on the time of exposure as well as the age of the animal. The
present study demonstrated that exposure of rats to Cd with an age from seven weeks to five months led to the
deposition of high concentrations of Cd in the femur. Brzoska et al. [39] found that exposure to Cd increased its
concentration levels in the bone only during the most intensive phase of skeletal growth, that is, up to the 4th
month of the animal’s life. These results are consistent with other studies which demonstrated higher concentra-
tions of Cd were found in the bones of younger rats than in older ones [40] [41]. This highlights the seriousness
of exposure to Cd at an early age, which is an important stage in the development of bone. Exposure to Cd may
impede bone development, causing damage with advancing age. One of the possible reasons for the increased
Cd concentration in bone could be attributed to its interference in the formation of hydroxyapatite
(Cay10(PO4)s(OH),) which is responsible for the strengthening of the bone tissue, by replacing calcium ions with
Cd ions [42]. A link may exist between Cd and various important proteins in the body in that Cd plays a role in
raising the protein concentration of bone tissue. Cd binds to ions that compete with existing thiols to bind with
some proteins. When the synthesis of these proteins decreased, the free Cd ions in tissue increased, and started
to affect bones and other defense systems in the body [43] [44]. Thus, the increase in ions may be the result of
the high concentration of Cd in the bone tissue. Therefore, Se and Lyc, either separately or concomitantly,
played a significant role in reducing the rate of deposition of Cd (Table 3). Furthermore, these antioxidants may
contribute to the reduction of Cd ions that bond with important bone components. Bone tissue has defense me-
chanisms that protect it from the effect of reactive oxygen species (ROS). These defense mechanisms include
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antioxidant enzymes such as CAT, SOD, and GPx. GPx represents the body's main defense system that activates
cellular antioxidant enzymes in the bone tissue. It is responsible for restricting LPO, and interacts with CAT in
converting hydrogen peroxide (H,O,) to oxygen (O,), whereas SOD is accountable for converting O,¢ to O, and
H,0, [45].

This study showed an inverse relationship between antioxidant enzyme activities and Cd concentrations in
femoral tissue (Table 4). The significant decline in antioxidant enzymes (CAT, Cu-ZnSOD, and GPx) could be
due to Cd bonding with enzymes that contain -SH- functional groups, which are meant to defend tissues leading
to reduced activity [46]. This could also be through another mechanism resulting from the impedance of Cd ac-
tivity by replacing the activity of beneficial substances [47]. Another possibility is that Cd depleted the vital
elements necessary for the functioning of these enzymes, such as Se, zinc, copper, manganese and iron. CAT
contains iron in its active site [45]. Cd may play a role in decreasing iron levels and, as a result, decreased CAT
activity. The possibility that Cd may led to a lack of nutrients such as zinc and copper, which are fundamentals
to the formation of SOD, should also be considered [45]. Brzoska et al. indicated that medium and high expo-
sure to Cd reduces the bone tissue’s content of zinc, copper and iron [5] [10]. Se also had a positive impact on
the activity of Cu-Zn SOD [48]. Therefore, the inhibition of the activity of this enzyme in rats that were given
Cd may indicate that the Cd not only caused an imbalance of Se, which is important for this enzyme, but inhibi-
tion of its activity. It could also be due to the accumulation of Cd in bone tissue, where it competes with zinc
which is essential to the formation of Zn-Cu SOD [49]. Thus, the decline in the activity of GPx may result from
the high concentrations of Cd in the bone tissue and, as a result, this could be the cause of the depletion of Se
which is essential for GPx synthesis [45].

The results of this study also showed that Se and Lyc, individually or concomitantly, had a role in the increase
in the activity of antioxidant enzymes in the femoral tissue of rats. This may explain the role of each in reducing
the concentration of Cd in bone tissue. On the other hand, administration of Se and Lyc alone maintained a nor-
mal level of CAT activity compared to the other combination group. This may be the reason why these two
groups showed more reduction in Cd concentrations in bone tissue compared to the other treated groups. Se
maintained the activity of Cu-Zn SOD and GPx by binding directly with Cd and converting it to an inactive
complex compound called Cd complex selenide [50]. Another possibility is that it reduced the Cd link in the ac-
tive site of these enzymes and weakens their activities. The function of Se is to protect bone tissue from oxida-
tion by protecting antioxidant enzymes. This decreases their vulnerability to Cd and stops the depletion of the
elements necessary to build the active site for these enzymes [45]. Se also plays an important role in building
seleno-proteins like GPx [51]. The role of Se in increasing GPx activity in the bone tissue that protects DNA
from oxidation was evident in this study.

This study also highlighted the role of Lyc, either alone or in combination with Se, in increasing antioxidant
enzyme activities and suggests the possibility of Lyc being an antioxidant compound which protects tissues from
the effects of free radicals. Additionally, by reducing the concentration of Cd in bone tissue, it may reduce tissue
damage and the loss of the elements necessary for the formation of antioxidant enzymes.

In addition, Cd treatment led to an increase in LPO in femur bone tissue (Table 5). This could be attributed to
the role of Cd in decreasing the activity of antioxidant enzymes in the tissue responsible for scavenging free
radicals. The continued presence of free radicals may be the reason for the oxidation of lipids in the cell walls
[52]. The results of this study are consistent with previous results showing that the decline in the activity of GPx
was followed by a significant rise in LPO [52]. This supports the role of Se and Lyc in reducing LPO by in-
creasing the activity of GPx and thioredoxin reductase, both of which are important enzymes for the elimination
of LPO [29] [51]. Supplementation with Se and Lyc prevented bone lipid from oxidative damage, possibly as a
result of their role in maintaining the activity of antioxidant enzymes. This either indicates a reduction in hydro-
gen peroxide concentration, or that the enzymes became efficient in reducing ROS and, thus, lowering the con-
centration of LPO. Cd treatment not only led to lipid oxidation, but also to the oxidation of proteins (Table 5). A
significant increase was observed in PC concentration in the bone tissue of the Cd treated group. This indicates
destruction of the proteins that are present in femoral tissue including collagen [5]. The low PC concentrations
in the femoral of rats receiving Se or Lyc could be as a result of their role in maintaining the CAT activity
(Table 4) and decreasing Cd accumulation in the femoral tissue (Table 3).

5. Conclusion

This study demonstrated that Se and Lyc supplementation reduced Cd concentrations in femoral tissue and also
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increased or maintained the antioxidant enzyme activities by reducing bone oxidative stress. Se and Lyc could
be sufficient to reduce the toxicity of Cd in areas exposed to Cd pollution and could be recommended as a die-
tary supplement to protect against bone oxidative stress. Further studies are needed to confirm the protective ef-
fect of bone tissues by Se and Lyc.
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