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ABSTRACT 

Using of bone marrow stem cells (BMSCs) for transplantation to treat the damage in liver induced by either chemical compounds or 
by viruses is considered as in medical application. The availability, easy culture and surviving for a long time are optimistic 
advantages of using BMSCs in healing the degenerative of hepatic cells. Therefore, the aim of the present study was planned to use 
BMSCs in combination with selenium (Se) to treat the hepatic damage induced by carbon tetrachloride (CCL4) in male rats. To 
perform the aim of this study eighty adult albino male rats were divided in nine groups as follows: Group 1: animals were treated 
with solvent vehicle. Group 2: animals were injected with CCL4 twice weekly for 2 months. Groups 3 and 4: animals were treated 
with different doses of Se. Groups 5 and 6: animals were injected with CCL4 and low or high dose of Se, respectively. Group 7: 
animals were injected with CCL4 and single dose of Bone Marrow Derived Mesenchymal Stem Cells (BM-MSCs). Group 8: animals 
were injected with CCL4 and single dose of Bone Marrow Derived Mesenchymal Stem Cells (BM-MSCs) plus low dose of Se. Group 9: 
animals were injected with CCL4 and BM-MSCs plus high dose of Se. The results of this study revealed that treatment of male rats 
with CCL4 increased the levels of the following parameters including rate of the apoptosis, changes in the gene expression of three 
antioxidants related genes, DNA fragmentation as well as decreased the activity of the gutathione peroxidase (GPx) enzyme. 
However, treatment of CCL4-treated rats with BM-MSCs combined with low and high dose of Se decreased the apoptosis rates, 
alterations in the expression of antioxidant related genes, decreased the damage in the DNA induced by CCL4 as well as increased 
the activity of the antioxidant enzyme GPx in male rats. Therefore, our results suggest that BMSCs could be used in combination 
with Se in healing the liver damage induced by CCL4 treatment. 

Keywords: Bone marrow stem cells, Selenium, Gene expression, DNA fragmentation, male rats. 

 
INTRODUCTION 

iver is the important organ in the body for 
metabolism and may of physiological processes. Due 
to its biological properties it is usually exposed 

several harmful compounds and viruses as well as drugs 
for therapy strategies. However, until present medicine 
cannot find effective, safe and fast tools or agents for 
treat the damage and disorders occurs in liver tissues1. In 
most of the world especially the undeveloped countries 
liver diseases are considered as the most health problems 
which need a lot of money to use a good therapeutic 
strategy. Therefore, the world health organization (WHO) 
and many of universities worldwide are performing many 
of researches to find therapeutic agents and tools more 
effective and possible without any side effects than the 
current available one2. One of the promising agents are 
those extracted from natural products which exhibited 
promising results without side effects for treating liver 
toxicity.3,4 

Indeed, the liver diseases occurs worldwide are due to 
increase the generation of the free radicals in the body. 
The free radicals cause several disorders and diseases 
including liver diseases and different kinds of tumors5. On 
the other hand, several studies for healing most of these 
diseases are carried out and suggesting that some of 

these diseases could be suppressed using good 
management such as antioxidants in the natural 
products.5-7 Some works found that protective effects of 
the natural products extracted from medicinal plants are 
coincide with several compounds having many of the 
antioxidants5. These antioxidants having not only 
protection against liver diseases but also having 
protection against other several diseases such as cancer, 
heart disorders and diseases related to genetic toxicity6,7. 
However, the biological mechanism of the natural 
products relay on the protective action more than 
therapeutic action. Therefore, we are thinking in this 
study to use other compounds and agents against liver 
damage as therapeutic agents. 

There are several tools to induce the liver damage in the 
laboratory animals in which induction of liver fibrosis 
using carbon tetrachloride (CCl4) is one of the famous 
methods. It has been reported that use of CCL4 to induce 
hepatic damage was found to be similar to the symptoms 
of the virus inducing hepatitis in human8. 

The biological way of CCL4 inducing damage in the liver of 
the laboratory animal is that it induce generation of the 
free radicals, and decline the activity of the antioxidant 
enzymes as well as induce lipid peroxidation9. 

Selenium Increases the Efficiency of Bone Marrow Stem Cells in Repairing the  
Liver Damage Induced by CCL4 in Male Rats 
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In addition, CCL4 was found to be a suppressor for several 
drugs used for protection against liver toxicity10. 

Several studies revealed that CCL4 was able to suppress 
several antioxidants such as antioxidant enzymes (CAT, 
GPs and SOD), non-enzymatic antioxidants (GSH) and 
other antioxidants (α-tocopherol & selenium)11. These 
antioxidant when be affected due to CCL4 treatment the 
generation of ROS increases in the affected organs and 
tissues. One important antioxidant against CCL4 is 
Selenium (Se). It is considered as a component of the 
chemical structure of glutathione peroxidase enzyme and 
plays an important role against the free radicals in the 
body as good12. The results of research on Se indicated 
that it was able to prevent the transformation of the 
normal cells to malignant tumors due to its protective 
action against the oncogenes which they responsible for 
tumor progression13,14. Moreover, the results on the 
cancer research indicated that low level of selenium in 
the cells was coincide with increase the proliferation of 
tumor cells15. Additionally, the degree of cancer was 
related to the level of selenium deficiency15. Also, other 
studies revealed that In addition, some studies indicate 
that selenium deficiency was in deep correlation with 
liver damage (e.g. fibrosis)16,17. Therefore, 
supplementation of selenium was effective against 
suppression of cancer and protection of the live against 
fibrosis.14 

From the modern tools to be taken in consideration in 
cancer and liver damage is stem cells application. 
Therefore, this new tool in therapy of cell degeneration is 
promising tool in the medical field. It has been found that 
use of bone marrow stem cells (BMSCs) for treatment of 
cell degeneration take increase attention due to its 
availability, easy and fast culture in very the cheaper 
laboratories as well as its long survivor time18. 
Furthermore, the BMSCs are able to be differentiating to 
several cell types depending on the media used in the 
culture program.19 

Several studies revealed that BMSCs having different 
biological actions such as immune response20, anti-
inflammation characters21, and trophical impacts22. In 
addition, they possess a variety of cytokines and 
regulators of which are able to enhance the growth, 
proliferation and differentiation as well as recovery 
processes.23,24 It has been found that the first resources 
of stem cells were bone marrow and tissues of the 
adipose gland as well as blood cells25,26. 

From these very promising stem cells is bone marrow 
derived MSCs (BM-MSCs) which they easy to obtain from 
the bone marrow cells and having good biological 
properties.27 

Although several works had been focused on the therapy 
of liver fibrosis, combination between BM-MSCs and Se 
has been not investigated yet. 

Therefore, the present study aimed to use Se and BM-
MSCs alone or in mixture to evaluate their protective 

effect on liver fibrosis induced by CCL4 treatment in male 
rats. 

MATERIALS AND METHODS 

Drugs and Reagents 

Carbon tetrachloride (CCL4, 99.9% purity) was purchased 
from Sigma (St. Louis, MO, USA). Trizol was bought from 
Invitrogen (Carlsbad, CA, USA). 

The reverse transcription and PCR kits were obtained 
from Fermentas (Glen Burnie, MD, USA). SYBR Green Mix 
was purchased from Stratagene (La Jolla, CA, USA). 

Experimental Animals 

Ninety adult albino male rats (100-120 g, purchased from 
the Animal House Colony, Giza, Egypt) were maintained 
on standard laboratory diet (protein, 16.04%; fat, 3.63%; 
fiber, 4.1%; and metabolic energy, 0.012 MJ) and water 
ad libitum at the Animal House Laboratory, National 
Research Center, Dokki, Giza, Egypt. 

After an acclimation period of 1 week, animals were 
divided into groups (10 rats/ group) and housed 
individually in filter-top polycarbonate cages, housed in a 
temperature-controlled (23  1°C) and artificially 
illuminated (12 h dark/light cycle) room free from any 
source of chemical contamination. 

All animals received humane care in compliance with the 
guidelines of the Animal Care and Use Committee of 
National Research Center, Egypt. 

Experimental Design 

The male rats were randomly divided in 9 groups (n=10 
per group) and treated for 2 months as follows: Group 1, 
control group: animals were treated intragastrically with 
solvent vehicle control (olive oil). Group 2, animals were 
injected intraperitoneally with 0.5 ml/kg of CCL4 
(suspended in olive oil, 1:9 v/v) twice weekly for 2 months 
to maintain hepatic damage. Groups 3 and 4, animals 
were treated orally with Selenium (Se, 1 and 2 mg/kg)28, 
respectively. Groups 5 and 6, animals were injected 
intraperitoneally with 0.5 ml/kg of CCL4 and Se (1, and 2 
mg/kg), respectively. Group 7, animals were injected 
intraperitoneally with 0.5 ml/kg of CCL4 and single dose 
of Bone Marrow Derived Mesenchymal Stem Cells (BM-
MSCs, 3 × 106 cells/rat) intravenously21. Group 8, animals 
were injected intraperitoneally with 0.5 ml/kg of CCL4 
and single dose of Bone Marrow Derived Mesenchymal 
Stem Cells (BM-MSCs, 3 × 106 cells/rat) intravenously21 
plus 1 mg/kg Se. Group 9, animals were injected 
intraperitoneally with 0.5 ml/kg of CCL4 and single dose 
of BM-MSCs (3 × 106 cells/rat) intravenously plus 2 mg/kg 
Se. 

Afterwards, at 24 h after the last injection, rats in each 
group were sacrificed by decapitation after anesthetized. 
The liver tissues were collected on ice bath in order to 
investigate the apoptosis, ROS, total RNA (for the 
determination apoptotic related genes GLAST, GLT-1, 
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ASCT2 mRNA), total DNA (for determination DNA 
fragmentation) and for GPx activity. 

Apoptosis assay 

The tissue of cortex (100 mg per sample) was made into 
single-cell suspensions according to method of Villalba.29 
Cells apoptosis was determined by flow cytometry (FCM) 
assay using Annexin V/PI apoptosis detection kit. The 
single-cell suspension (1×106 cells/mL) was suspended in 
200 µL ice-cold binding buffer and then 10 µL horseradish 
peroxidase FITC labeled Annexin V and 5 µL propidium 
iodide (PI) were added. The cell suspension was 
incubated in darkness at room temperature for 15 min. 
Apoptosis rate was determined by flow cytometer. In this 
study, both FITC and PI negative cells were considered as 
normal cells. FITC-single positive and PI negative cells 
were defined as early apoptotic cells, while both FITC and 
PI positive cells were considered as late apoptotic or 
necrosis cells. 

Gene Expression Analysis 

Extraction of total RNA and cDNA synthesis 

Liver tissues of male rats were used to extract the total 
RNA using TRIzol® Reagent (Invitrogen, Germany) Kit. The 
isolation method was carried out according to the 
manufacturer’s instructions of the above Kit. 
Approximately 50 mg of the liver tissues were mixed with 
some drops of liquid nitrogen and homogenized in 1 ml of 
TRIzol® Reagent in autoclaved mortar. Afterwards, total 
RNA was dissolved and preserved in 
diethylpyrocarbonate (DEPC)-treated water up to use. 

To assess the RNA yield and purity of the total RNA, 
RNAse-free DNAse I (Invitrogen, Germany) was used to 
digest DNA contamination. A small drop of isolated RNA 
was examined photospectrometrically at 260 nm. The 
purity of total RNA was determined between 1.8 and 2.1 
to be good purified when it examined by 
photospectrometer at the 260/280 nm ratio. To avoid 
RNA damaging, aliquots of RNA were prepared after 
isolation for either reverse transcription reaction or 
otherwise for storing at -80°C up to use. 

To synthesize the complementary DNA (cDNA) isolated 
RNA from liver tissues was reverse transcribed into cDNA. 
The reaction volume was carried out in 20 µl. The 
reaction volume was prepared according to the 
instructions of the RevertAidTM First Strand cDNA 
Synthesis Kit (MBI Fermentas, Germany). The reverse 
transcription (RT) reaction was performed for 10 min at 
25°C. Afterwards, the tubes of the reaction were put in 
thermo-cycler machine for 60 min at 42°C, and then the 
reaction was terminated for 5 min at 99°C. The PCR 
products containing the cDNA were kept at – 20°C up to 
use for DNA amplification. 

Quantitative Real Time-PCR (qRT-PCR) 

A StepOne Real-Time PCR System (Applied Biosystem, 
USA) was used to assess the copy of the cDNA of male 

rats to detect the expression values of the tested genes 
(Table 1). To perform the PCR reaction, a volume of 25 L 
of reaction mixtures was prepared containing 12.5 l of 
SYBR® green (TaKaRa, Biotech. Co. Ltd.), 0.5 l of 0.2 M 
forward and reverse primers, 6.5 L DNA-RNA free water, 
and 2.5 l of the synthesized cDNA. The cDNA was 
propagated using reaction program consisted of 3 steps. 
In the first step the PCR tubes was incubated at 95°C for 3 
min. In the second step the reaction program consisted of 
50 cycles. Each cycle of them consisted of 3 sub-steps: (a) 
15 sec at 95°C; (b) 30 sec at 60°C; and (c) 30 sec at 72°C. 
In the third step the reaction program consisted of 71 
cycles. The first cycle of them started at 60°C for 10 sec 
and then the followed cycles increased about 0.5°C every 
10 sec up to 95.0°C. A melting curve of the reaction was 
performed for each qRT-PCR termination at 95.0°C to 
assess the quality of the primers. To verify that the 
reaction of the qRT-PCR does not have any contamination 
PCR tubes containing non template control were used. 
The sequences of specific primer of the genes used are 
listed in Table 1. The relative quantification of the target 
(GLAST, GLT-1 and ASCT2) to the reference (β-Actin) was 
determined by using the 2−ΔΔCT method. 

Table 1: Primer sequences used for qPCR 

Gene Primer sequence (5 –3 )a References 

GLAST 
GGGTTTTCATTGGAGGGTTGC 

Deng30 
CCACGGGTTTCTCTGGTTCAT 

GLT-1 
GGGTCATCCTGGATGGAGGT 

Deng30 
CGTGTCGTCATAAACGGACTG 

ASCT2 
gccagtccacggccaagatc GenBank : 

BC080242 gcctggtcgtgttcgctata 

-actin 
GGAGATTACTGCCCTGGCTCCTA 

Deng30 
GACTCATCGTACTCCTGCTGCTG 

aF: forward primer; R: reverse primer. Tm: melting temperature. 

DNA Fragmentation Analysis 

Apoptotic DNA fragmentation was qualitatively analyzed 
by detecting the laddering pattern of nuclear DNA as 
described according to Lu.31 Briefly, liver tissues were 
homogenized, washed in PBS, and lysed in 0.5 ml of DNA 
extraction buffer (50 mM Tris–HCl, 10 mM EDTA. 0.5% 
Triton, and 100 µg/ml proteinase K, pH 8.0) for overnight 
at 37°C. The lysate was then incubated with 100 µg/ml 
DNase free RNase for 2h at 37°C, followed by three 
extractions of an equal volume of phenol/chloroform (1:1 
v/v) and a subsequent re-extraction with chloroform by 
centrifuging at 15,000 rpm for 5 min at 4°C. The extracted 
DNA was precipitated in two volume of ice-cold 100% 
ethanol with 1/10 volume of 3 M sodium acetate, pH 5.2 
at −20°C for 1 h, followed by centrifuging at 15,000 rpm 
for 15 min at 4°C. After washing with 70% ethanol, the 
DNA pellet was air-dried and dissolved in 10 mM Tris–
HCl/1 mM EDTA, pH 8.0. The DNA was then 
electrophoresed on 1.5% agarose gel and stained with 
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ethidium bromide in Tris-acetate/EDTA buffer (TAE) (pH 
8.5, 2 mM EDTA, and 40 mM Tris–acetate). A 100-bp DNA 
ladder (Invitrogen, USA) was included as a molecular size 
marker and DNA fragments were visualized and 
photographed by exposing the gels to ultraviolet 
transillumination. 

Determination of Gutathione Peroxidase (GPx) Activity 

Glutathione peroxidase activity measurements were 
carried out by a procedure according to Miranda.32 The 
reaction mixture consisted of 8 mM H2O2, 40 mM 
guaiacol, 50 mM sodium acetate buffer, pH 5.5, and a 
suitable amount of the enzyme preparation. The change 
in absorbance at 470 nm due to guaiacol oxidation was 
followed at 30 s intervals. One unit of GPx activity was 
defined as the amount of enzyme which increases the 
O.D. 1.0/min under standard assay conditions. 

Statistical Analysis 

All results were expressed as mean  SE of the mean. 
Data were analyzed by one way analysis of variance 
(ANOVA) using the Statistical Package for the Social 
Sciences (SPSS) program, version 11 followed by least 
significant difference (LSD) to compare significance 
between groups. Difference was considered significant 
when P < 0.05. 

RESULTS 

Effects of Se and BM-MSCs on apoptosis rate induced by 
CCL4  

Assessment the effect of Se and BM-MSCs on the 
inhabitation of the apoptosis induced by CCL4 is 
summarized in Fig. 1. The results revealed that CCL4 
increased apoptosis rates to 675.9% as compared to the 
normal control. In contrary, low apoptosis cells were 
observed in either low or high dose of Se (103.8 and 
119.0%, respectively) compared with control rats (Fig. 1).  

 
Figure 1: The changes of apoptosis in liver tissues of male 
rats exposed to CCL4 and/or BM-MSCs and selenium. 
Data are presented as mean ± SEM. a, b, c, d, followed by 
different superscripts are significantly different (P≤0.05). 

Moreover, the results showed that Se supplementation 
reduced the apoptosis rates induced by the treatment of 

CCL4 exposure, where, the apoptosis rates declined to 
265.8 and 313.9% in rats treated with CCL4+ low dose of 
Se and CCL4+high dose of Se, respectively (Fig. 1). 
Furthermore, the apoptosis rates were reduced further 
when CCL4 exposed-rats treated with BM-MSCs alone or 
plus low or high dose of Se (293.7, 243.0 and 169.6, 
respectively). 

Effect of Se and BM-MSCs against CCL4 induced gene 
expression changes 

The expression values of antioxidant related genes 
(GLAST, GLT-1 and SNAT) in liver tissues of male rats were 
quantified by real-time RT-PCR (Figures 2-4). 
Supplementation of male rats with Se and BM-MSCs 
exhibited high quantitative values of GLAST, GLT-1 and 
ASCT2 which were very close to those in control group 
animals (Figures 2-4). 

However, exposure of male rats with CCL4 decreased the 
mRNA expression values of GLAST, GLT-1 and ASCT2 to 
29.8, 28.7 and 27.1, respectively compared with control 
rats (Figures 2-4). 

On the other hand, expression values of GLAST gene 
increased 2.3, 2.6, 2.7, 3.1 and 3.3-fold in CCL4+low dose 
of Se, CCL4+high dose of Se, CCL4+BM-MSCs, CCL4+BM-
MSCs+ low dose of Se and CCL4+BM-MSCs+ high dose of 
Se, respectively (Fig. 2). 

In the same line, expression values of GLT-1 gene 
increased 2.2, 2.7, 2.8, 3.2 and 3.4-fold in CCL4+low dose 
of Se, CCL4+high dose of Se, CCL4+BM-MSCs, CCL4+BM-
MSCs+ low dose of Se and CCL4+BM-MSCs+ high dose of 
Se, respectively (Fig. 3). 

In addition, expression values of ASCT2 mRNA increased 
2.7, 3.0, 3.1, 3.4, and 3.5-fold in CCL4+low dose of Se, 
CCL4+high dose of Se, CCL4+BM-MSCs, CCL4+BM-MSCs+ 
low dose of Se and CCL4+BM-MSCs+ high dose of Se, 
respectively (Fig. 4). 

 
Figure 2: The alteration of GLAST mRNA in liver tissues of 
male rats exposed to CCL4 and/or BM-MSCs and 
selenium. Data are presented as mean ± SEM. a,b,c,d, 
followed by different superscripts are significantly 
different (P≤0.05). 
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Figure 3: The alteration of GLT-1 mRNA in liver tissues of 
male rats exposed to CCL4 and/or BM-MSCs and 
selenium. Data are presented as mean ± SEM. a, b, c 
followed by different superscripts are significantly 
different (P≤0.05). 

 
Figure 4: The alteration of ASCT2 mRNA in liver tissues of 
male rats exposed to CCL4 and/or BM-MSCs and 
selenium. Data are presented as mean ± SEM. a, b, c, d, 
followed by different superscripts are significantly 
different (P≤0.05). 

Effect of Se and BM-MSCs against CCL4 induced DNA 
Fragmentation 

Assessment of the rates of DNA fragmentation in liver 
tissues following CCL4 induced DNA damage and the 
protective role of Se and BM-MSCs in male rats are 
summarized in Figures 5. 

The results observed that the rates of DNA fragmentation 
following low and high doses of Se administration were 
relatively near to that of the control animals. However, 
the DNA fragmentation increased significantly following 
CCL4 treatment in comparison to that of the control 
group (Fig. 5). 

Meanwhile, the rate of DNA fragmentation decreased 
significantly following CCL4 plus low and high dose of Se 
and CCL4+BM-MSCs as well as CCL4+BM-MSCs+ low dose 
of Se and CCL4+BM-MSCs+ high dose of Se, respectively. 

Whereas, the best treatments revealed low DNA 
fragmentation against CCL4 were CCL4+BM-MSCs+ low 
dose of Se and CCL4+BM-MSCs+ high dose of Se. 

 
Figure 5: Rate of DNA fragmentation in liver tissues of 
male rats exposed to CCL4 and/or BM-MSCs and 
selenium. Data are presented as mean ± SEM. a, b, c 
followed by different superscripts are significantly 
different (P≤0.05). 

Effect of Se and BM-MSCs on GPx activity levels 

The suppression effect of BM-MSCs and Se on CCL4-
induced alterations in the antioxidant enzyme GPx was 
presented in Table 2. In comparison with the control 
group, levels of GPx activity were relatively similar with 
those in low and high dose of Se treatments. However, 
the activity level of GPx decreased significantly in CCL4 
treatment compared with control group. On the other 
hand, comparing with the CCL4 alone, GPx concentration 
increased significantly in CCL4+ low and high dose of Se 
and CCL4+BM-MSCs as well as CCL4+BM-MSCs+ low dose 
of Se and CCL4+BM-MSCs+ high dose of Se (Table 2). 

Table 2: The amount of glutathione peroxidase activity in 
male rats exposed to CCL4 and/or Dobra extract. 

Treatment 
Glutathione peroxidase activity 

(U/mg tissues/min) 

Control 5.70.04a 

CCL4 1.70.02b 

Se L 5.90.03a 

Se H 6.40.03a 

CCL4+Se L 4.30.02a 

CCL4+Se H 4.70.01a 

CCL4+BM-MSCs 4.90.02a 

CCL4+BM-MSCs + Se L 5.10.03a 

CCL4+BM-MSCs+Se H 5.40.02a 

Data are presented as mean ± SEM. a, b, c, d, followed by 
different superscripts are significantly different (P≤0.05). 
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DISCUSSION 

Liver is the important organ in the body for metabolism 
and may of physiological processes. Due to its biological 
properties it is usually exposed several harmful 
compounds and viruses as well as drugs for therapy 
strategies. However, until present medicine cannot find 
effective, safe and fast tools or agents for treat the 
damage and disorders occurs in liver tissues1. In most of 
the world especially the undeveloped countries liver 
diseases are considered as the most health problems 
which need a lot of money to use a good therapeutic 
strategy. Therefore, the world health organization (WHO) 
and many of universities and hospitals worldwide are 
performing many of researches to find therapeutic agents 
and tools more effective and possible without any side 
effects than the current available one.2 

There are several tools to induce the liver damage in the 
laboratory animals in which induction of liver fibrosis 
using carbon tetrachloride (CCl4) is one of the famous 
methods. It has been reported that use of CCL4 to induce 
hepatic damage was found to be similar to the symptoms 
of the virus inducing hepatitis in human8. The biological 
way of CCL4 inducing damage in the liver of the 
laboratory animal is that it induce generation of the free 
radicals, and decline the activity of the antioxidant 
enzymes as well as induce lipid peroxidation9. In addition, 
CCL4 was found to be a suppressor for several drugs used 
for protection against liver toxicity10. 

The results of the present study showed that CCL4 was 
able to induce genetic toxicity (e.g. alterations in the 
expression of antioxidant related genes and DNA 
damage). These results are in same line with that 
reported by Abdou.10,33. They reported that rats exposed 
to CCL4 showed significant increase in the DNA 
fragmentation in comparison with untreated rats. They 
indicated that the toxicity action of the CCL4 on the DNA 
damage was attributed to several mechanisms such as 
direct modification on the DNA molecules, or during DNA 
repairing, or during DNA replication and or on generation 
of ROS inducing apoptosis34. 

The action mechanism of which CCL4 induced toxicity is 
that CCL4 administration activating the cytochrome P450 
to produce the radical named trichloromethyl (CCL3). 

The trichloromethyl (CCL3) plays its role through binding 
with the nucleic acids and proteins as well as with lipids 
structures. Several studies revealed that the binding of 
this radical with the lipids usually induce cell 
degeneration, while the binding with the DNA molecules 
induce cell cancer such as liver cancer35. On the other 
hand, this trichloromethyl could be also reacting with the 
oxygen molecules to form a strong reactive compound 
namely trichloromethylpheroxy (CCL3OO) radical. The 
new compound enter the chain of the lipid peroxidation 
reaction making destruction and damage of the cells and 
therefore, increasing the cell apoptosis35. The postulation 
and results are in agreement with our findings that CCL4 

increased the apoptosis rate (due to ROS generation) and 
declined the activity levels of GPx in male rats. In addition 
to these suggestion several studies indicated that the cell 
damage induced by CCL4 causes lose in the intracellular 
calcium. This action is resulted due to that CCL4 makes 
changes in the membrane of the mitochondria and the 
endoplasmic reticulum and subsequently the 
permeability of the calcium through the plasma 
membrane36-38. 

On the other hand, it has been found that the DNA 
damage induced by the oxidative stress of CCL4 
treatment is attributed to the modification occurred in 
the DNA molecules in the form of lesions of the 
nitrogenous bases, sugar moleculaes, DNA strand breaks 
and DNA histones10. The lesions in the DNA and other 
binding molecules cause mutation, cell death and tumor 
formation10. Additionally, numerous studies indicated 
that the modification in the DNA molecules induced by 
CCL4 coincides with single mutation and number of 
complex mutations to rearrangement of several the 
chromosomes.39,40 

The expression of antioxidant related genes is playing an 
important role in the immune system against any 
oxidative agents such as CCL4. From these antioxidants 
related genes are the GLAST, GLT-1 and ASCT2 genes 
which considered as glutamate transporters. Through 
their expression the glutamate will be up-taken into the 
mammalian central nervous system41. This glutamate 
transportation is maintaining support of the glutathione 
in the central nervous system. We found in the present 
study that the expression of these genes as glutamate 
transporters was decreased due to CCL4 treatment. Until 
present, there were very few data regarding the in vivo 
study focusing on the expression of GLAST, GLT-1 and 
ASCT2 genes in relation to CCL4 treatment. 

Several studies revealed that BMSCs having different 
biological actions such as immune response20, anti-
inflammation characters21, and trophical impacts22. In 
addition, they possess a variety of cytokines and 
regulators of which are able to enhance the growth, 
proliferation and differentiation as well as recovery 
processes23,24. It has been found that the first resources 
of stem cells were bone marrow and tissues of the 
adipose gland as well as blood cells25,26. From these very 
promising stem cells is bone marrow-derived MSCs (BM-
MSCs) which they easy to obtain from the bone marrow 
cells and having good biological properties27. Therefore, 
the present study aimed to investigate the potential 
therapeutic effect of bone marrow mesenchymal stem 
cells (BM-MSCs) in recover damaging in liver tissues 
induced by CCL4 in male rate. 

Moreover, supplementation of Se in combination with 
BM-MSCs was used in the current work to overcome the 
problem of using stem cells that tissue damage may 
attract migratory stem cell populations, particularly those 
from the BM. 
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The current study revealed that treatment of CCL4-
treated rats with BM-MSCs combined with low and high 
dose of Se decreased the alterations in the expression of 
antioxidant related genes, decreased the damage in the 
DNA as well as decreased the rate of apoptosis induced 
by CCL4 better than those treated with CCL4+ BM-MSCs 
alone. Moreover, treatment of CCL4-treated rats with 
BM-MSCs combined with low and high dose of Se 
increased the activity of the antioxidant enzyme GPx. 

Although the promising results of using BM-MSCs in 
therapy of degenerated hepatic cells some literature 
revealed that in fibroses case of the liver an excess of 
collagen precipitation take place21. This media of the 
fibroses cells makes the liver an undesirable site for the 
transplantation of the stem cells. Thus the 
transplantation of the BM-MSCs might be not achieved21. 
Therefore, an approach that takes into account is that the 
need for additional compounds to increase the efficiency 
of the stem cells to be more effective to recover the liver 
damage. Therefore, one of the most important aims of 
the present study is to use selenium with stem cells to be 
used as new therapeutic strategy to increase the 
therapeutic effect of the stem cells21. 

It has been found that selenium treatment can suppress 
the transformation of normal to tumor cells and for 
deactivation of oncogenes with anticarcinogenic impacts 
in dose depending manner13,14. Moreover, selenium is 
closely related to the inhibition of hepatic fibrosis15,16. 

To understand the mechanism of selenium in increasing 
the efficiency of stem cells in repairing the damage in the 
liver tissues is that selenium is able to inhibit the 
inflammatory related expression genes such as tumor 
necrosis factor- α (TNF-α). It has been found that TNF-α is 
considered as the most endogenous factor inducing 
inflammatory status42-44. Therefore, during the 
inflammatory status, TNF-α found to be highly expressed 
in the inflammatory cells of the liver diseases such as 
fibrosis. The role of TNF-α in increasing the inflammatory 
and liver damage is taking two forms in which one of 
them is indirect pathway. The role of TNF-α in this 
pathway is induce of liver damage through enhancing the 
generation of free radicals and several inflammatory 
mediators. The second pathway is direct way in which 
TNF-α induce liver damage due to promoting the process 
to produce nitric oxide from the diseased liver cells45,46. 
Our finding indicated that treatment of CCL4-treated rats 
with stem cells and Se increased the activity of anti-
oxidant enzyme in which is an indicator to decrease the 
inflammatory compound (e.g. TNF-α). 

Conclusion: Bone marrow stem cells could be used and 
interact with disease processes in a number of organs 
including the liver. The therapeutic action of BMSCs is 
increasing with the combination with Se 
supplementation. So, selenium is increasing the efficiency 
of stem cells in repairing the damage in the liver tissues 
due to inhibition the inflammatory related expression 
genes such as tumor necrosis factor-α (TNF-α). Therefore, 

our results suggest that BMSCs could be used in 
combination with Se in healing the liver damage induced 
by CCL4 treatment. 
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