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Abstract: Objectives: The aim of this study was to compare the effects of bone marrow-derived mesenchymal stem 
cells (BM-MSCs) isolated from mice (xenogeneic) and rats (allogeneic) on liver injury induced by carbon tetrachlo-
ride (CCl4) as well as to explore the modulatory effects on of oxidative stress, apoptosis, inflammation, and Nrf2 
expression. Methods: Male Wistar rats were intraperitoneally injected with CCl4 (0.5 mL/kg) twice a week for 8 
weeks. The animals were intravenously infused with BM-MSCs isolated from male mice or rats (1 × 106 cells/rat/
week) into the lateral tail vein for 4 weeks. Results: The treatment with BM-MSCs produced a significant increase in 
the diminished serum albumin level, a significant decrease in liver lipid peroxidation and an increase in glutathione 
content as well as SOD, GST, and GPx activities. Furthermore, BM-MSCs from both mice and rats produced a signifi-
cant decrease in the elevated mRNA expression of liver CYP1A1, MMP-9, procollagen α1, TGF-β1, and increase in 
expression of lowered IL-4, IL-10, cluster CD-105, and Oct3/4. In liver of CCl4-injected rats, the lower protein expres-
sion of Nrf2 was upregulated and higher expressions of caspase-3, TNF-R1, NF-κB p65, TNF-α, p53, and COX-2 were 
downregulated by mice and rats’ BM-MSCs. Histologically, BM-MSCs from both mice and rats successfully improved 
liver structural integrity and protected against liver injury. Conclusions: The rats-derived BM-MSCs were significantly 
more potent than mice-derived BM-MSCs. Mice BM-MSCs and rats’ BM-MSCs acted to improve CCl4-impaired liver 
function, structural integrity, fibrosis and cirrhosis in male Wistar rats via the suppression of oxidative stress, inflam-
mation, and apoptosis and the enhancement of the antioxidant defense system. 
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Introduction

Around 750,000 new cases of liver cancer are 
reported each year worldwide. The majority of 
people who get hepatocellular carcinoma  
(HCC) die from it, according to population-
based interventions, because the liver cancer 
cure rate is still very low. Data show that five-
year survival rates in the United States of 

America (USA) have marginally increased to 
around 26% [1]. 

Carbon tetrachloride (CCl4) has been known to 
produce acute and chronic tissue damage and 
liver toxicity [2]. The injury caused by CCl4 to 
hepatocytes is distinguished by centrilobular 
necrosis followed by hepatic fibrosis [3, 4]. 
CCl4-induced hepatotoxicity in the animal mod-
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els is due to the lipid peroxidation (LPO), which 
is thought to be harmful in other tissues as well 
[5]. Cirrhosis often begins with chronic hepato-
cyte damage, which in turn triggers a sequence 
of complicated cell-to-cell and cell-to-matrix 
interactions and, finally, activates hepatic stel-
late cells, the principal producers of excessive 
collagen during the cirrhosis process [6].

Oxidative stress and inflammation play crucial 
implications in several ailments, including liver 
toxicity [7]. Although the carcinogenic mecha-
nism for CCl4-induced liver cancer is not fully 
understood, there is accumulating evidence 
that CCl4-induced cytotoxicity depends on oxi-
dative stress caused by CCl4-induced genera-
tion of reactive oxygen species (ROS) [8]. The 
formation of ROS leads to cellular damage, 
DNA fragmentation, degeneration of nuclear 
protein, dysfunction and, finally, programmed 
cell death (apoptosis) [9]. 

In a healthy liver, myeloid-derived suppressor 
cells (MDSCs) exist [10], and they grow in a 
chronic liver illness [11]. By producing the 
immunosuppressive chemicals IL-10, TGF-β, 
and arginase, MDSCs are able to inhibit T-cell 
activation [12]. It is believed that granulocytic 
cells, like neutrophils, are mostly missing from 
a healthy liver and only build up in reaction  
to infection and inflammation [13]. The adult 
healthy liver possesses an active and complex 
cytokine milieu, which includes basal levels of 
both pro-inflammatory and anti-inflammatory 
cytokines (IL-2, IL-7, IL-12, IL-15, and interferon 
(IFN)-γ) [14, 15].

MSCs represent a stem cell source with great 
promise in regenerative medicine. MSCs were 
proven to develop into hepatocytes in vitro [16, 
17] and in vivo [16, 17]. MSCs could also help 
heal damaged lungs, livers, and hearts by low-
ering inflammation, collagen deposition, and 
remodeling [18-21]. MSCs may be able to not 
only repair damaged tissue but also reduce 
persistent fibrogenesis. Despite claims that 
bone marrow or MSCs can diminish CCl4-
induced liver fibrosis in rats, the underlying 
mechanism remains to be fully elucidated, and 
the supporting evidence is debated [20, 22]. 
While delaying MSCs administration by 1 week 
after CCl4 challenge eliminated the ability to 
prevent disease progression [20], a 4-week 
bone marrow therapy of CCl4-induced liver dis-
ease did significantly reduce liver fibrosis in 
rats [22, 23]. Moreover, further studies are 

required to compare the effects of allogeneic 
and xenogeic MSCs liver injury and cirrhosis.

Consequently, the presented study aimed to 
evaluate the ability of MSCs derived from rats 
and mice bone marrow to repair liver tissue 
afflicted by CCl4-induced cirrhosis using bio-
chemical and molecular biology assays as well 
as histological, immunohistochemical and ul- 
trastructural investigations. 

Materials and methods

Experimental animals

Male Wistar rats, weighing 120 ± 10 g and 
aged 7-8 weeks were obtained from the Helwan 
Station of VACSERA (the Egyptian Organization 
for Biological Products and Vaccines). Prior to 
the start of the experiment, rats were kept 
under observation for a week. The animals 
were kept in polypropylene cages in a con-
trolled environment with a daily normal light/
dark cycle of 12 hours and a temperature of 22 
± 2°C. Tap water and a typical pellet feed were 
accessible to the animals at all times. The rats 
were sacrificed at the end of the experiment by 
breathing light diethyl ether anesthesia. The 
guidelines and instructions of the Experimental 
Animal Ethics Committee, Faculty of Science, 
Beni-Suef University, Egypt for the use and care 
of animals were followed in all animal proce-
dures (Ethical Approval Number: BSU/FS/2019-
73). Every effort was made to minimize the 
number of animals and their suffering. 

Isolation, culture and propagation of MSCs 
from bone marrow

The isolation, culture and propagation of bone 
marrow-derived MSCs (BM-MSCs) were carried 
out according to the methods of Chaudhary and 
Rath [24] and Ahmed [25]. Femurs and tibiae 
were dissected out and the associated connec-
tive tissues were removed after decapitating 
rats by cervical dislocation and sterilizing the 
external body surface with 70% (vol/vol) etha-
nol. Each bone’s epiphysis was sliced using 
sterile scissors while operating in laminar flow, 
and BM cells were then extracted and centri-
fuged at 3000 rpm for 5 minutes at room tem-
perature in a 15 mL polypropylene tube. In 
DMEM supplemented with FBS, sodium hydro-
gen carbonate, and an antibiotic/antimycotic 
solution in ratios of 15%, 0.36%, and 1% 
respectively, the pellet was washed and sus-
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Scheme 1. Schematic figure showing the 
experimental design and animal grouping.

pended. To check viability, cells were stained 
with 0.4% trypan blue solution and were then 
counted by using haemocytometer and invert-
ed microscope at 100× magnification. Histolo- 
gical, immunohistochemical and ultrastructural 
features were also investigated. Cells (25 × 
106) were seeded in T-25 cm2 canted cell cul-
ture flasks with a density about 1 × 106 cells/
cm2 area and then kept at 37°C in 5% CO2 
humidified incubator, with the non-adherent, 
floating, and dead cells removed each 4 days 
during the 10 days of culture. Following two  
pre-warmed (37°C) PBS washes, the adherent 
cells were trypsinized with 1.0 mL to 2.0 mL of 
pre-warmed 0.25% trypsin/1 mM EDTA at 37°C 
for 2-3 min. Cells were collected, spun at 3000 
rpm for 5 min in a 15 mL polypropylene tube, 
counted, and their viability assessed by trypan 
blue staining after trypsin activity was sup-
pressed by adding 2-3 mL of full culturing solu-
tion. Finally, the morphology of the MSCs was 
described using an inverted microscope to vali-
date their identification.

Animal grouping 

The adult male Wistar rats of this study were 
allocated into two groups. Group one contain- 
ed 6 rats and group 2 contained 18 rats and 
they were then divided into 3 subgroups with 
each group containing 6 rats. The grouping was 
designed as follow (Scheme 1):

Group I (Control); the rats of this group were 
given olive oil (2 mL/kg body weight (b.w.)) twice 
a week for 8 weeks by intraperitoneal (i.p.) 

injection and they were then given DMEM once 
a week into the lateral tail vein for 4 weeks. 

Group II (CCl4); the rats of this group were given 
the CCl4 (0.5 mL/kg) [26] mixed with olive oil 
(1.5 mL/kg) twice a week by i.p. injection for 8 
weeks and they were then given DMEM once a 
week into the lateral tail vein for 4 weeks. 

Group III (CCl4+mice BM-MSCs); the rats of this 
group were given CCl4 (0.5 mL/kg) mixed with 
olive oil (1.5 mL/kg) twice a week by i.p. injec-
tion for 8 weeks and they were then given mice 
BM-MSCs (1 × 106 cell/rat) once a week into 
the lateral tail vein for 4 weeks [27].

Group IV (CCl4+rats’ BM-MSCs); the rats of this 
group were given CCl4 (0.5 mL/kg) mixed with 
olive oil (1.5 mL/kg) twice a week by i.p. injec-
tion for 8 weeks and they were then given rat 
BM-MSCs (1 × 106 cell/rat) once a week into 
the lateral tail vein for 4 weeks [27].

Rats were anaesthetized with diethyl ether 
inhalation before they were put to death by cer-
vical dislocation at the end of the experiment. 
Blood samples were drawn from the jugular 
vein using gel and clot activator tubes, and they 
were centrifuged at 3000 rpm for 15 minutes. 
The supernatant sera were quickly aspirated, 
divided into three aliquots for each individual 
animal, and kept at -70°C until needed for  
additional analysis. Rats were dissected, and 
the livers were removed and placed in sterile 
isotonic saline. For histological analysis, 3 mm3 
pieces of liver were fixed in 10% neutral-buff-
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Table 1. Sequences of primers of various rat genes used 
for qRT-PCR
Gene Primer sequence Ref.
β-Actin F 5’-TGTTTGAGACCTTCAACACC-3’

R 5’-CGCTCATTGCCGATAGTGAT-3’
[38]

Procollagen α-1 F 5’-TCACCTACAGCACGCTTG-3’
R 5’-GGTCTGTTTCCAGGGTTG-3’

[39]

MMP-9 F 5’-CCACCGAGCTATCCACTCAT-3’
R 5’-GTCCGGTTTCAGCATGTTTT-3’

[40]

IL-4 F 5’-ACCTTGCTGTCACCCTGTTCTGC-3’
R 5’-GTTGTGAGCGTGGACTCATTCACG-3’

[41]

IL-10 F 5’-TGCCAAGCCTTGTCAGAAATGATCAAG-3’
R 5’-GTATCCAGAGGGTCTTCAGCTTCTCTC-3’

[41]

Oct3/4 F 5’-CGGGCTGATGGGCAAGTT-3’
R 5’-GGGCAGGAAGGATGGGTAA-3’

[42]

TGF-β1 F 5’-TTG CCC TCT ACA ACC AAC ACA A-3’
R 5’-GGC TTG CGA CCC ACG TAG TA-3’

[43]

CYP1a1 F 5’-TAACTCTTCCCTGGATGCCTTCAA-3’
R 5’-GTCCCGGATGTGGCCCTTCTCAAA-3’

[44]

UGT1A F 5’-TTGGTGGGATAAACTGCCTTCA-3’
R 5’-GAATTCTGCCCAAAGCCTCA-3’

[45]

CD-105 F 5’-CCCCCGTACGTCTCCTGGCTCATC-3’
R 5’-GGGGTGTGTCTGGGAGCTCGAA-3’

[46]

ered formalin (NBF). Before being employed for 
quantitative real time-polymerase chain reac-
tion (qRT-PCR) and Western blotting studies, 
additional fragments were temporarily kept in 
sterile Eppendorf tubes at -70°C. The other 
liver tissue from each rat was likewise tempo-
rarily stored in a deep freezer at -70°C while  
the antioxidant defense system and oxidative 
stress indicators were estimated. 

Biochemical tests for liver functions 

Alanine transaminase (ALT) and aspartate 
transaminase (AST) activities were detected 
using kinetic reagent kits purchased from 
Human Company, Max-planck- Ring 21.65205 
Wiesbaden (Germany) according to Schumann 
and Klauke [28]. Alkaline phosphatase (ALP) 
activity in serum was estimated using a kinetic 
reagent kit purchased from Biotec Diagnostics 
Company (Bristol, UK, BS39 5BX) according to 
the method of TIETZ [29]. Serum gamma-glu-
tamyl transferase (γ-GT) activity was assayed 
using kinetic reagent kit obtained from Biotec 
Diagnostics Company based on the method of 
Tietz [30]. Direct and total bilirubin concentra-
tions were determined based on the method of 
Jendrassik and Grof [31] using reagent kits pur-
chased from Diamond Diagnostics Company 

(Cairo, Egypt). Serum albumin level 
was determined according to the me- 
thod of Gendler [32] using reagent 
kits purchased from Spinreact Com- 
pany (Santa Coloma, Spain).

Oxidant and anti-oxidant defense 
biomarkers of liver 

Malondialdehyde (MDA) level, as a 
measure for the extent of lipid peroxi-
dation (LPO), was assayed based on 
the approach of Yagi [33]. Marklund 
and Marklin’s approach was used to 
measure superoxide dismutase (SOD) 
activity, while Beutler’s method was 
used to measure glutathione (GSH) 
concentration using dithiobis-2-nitro-
benzoic acid (DTNB) [34, 35]. Gluta- 
thione peroxidase (GPx) activity was 
assessed using the method of Mat- 
kovics [36] with some changes, and 
glutathione transferase (GST) activity 
was assessed using the method of 
Mannervik and Guthenberg [37].

qRT-PCR analysis

The mRNA levels of TGF-β1 (transforming 
growth factor-beta 1), procollagen α-1, MMP-9 
(matrix metalloproteinase-9), IL-4 (interleu-
kin-4), IL-10 (interleukin-10), Oct3/4 (octamer-
binding transcription factor 3/4), CYP1a1 (cy- 
tochrome P450 family 1 subfamily A polypep-
tide 1), and UGT1A (uridine diphospahte-gluc-
uronosyl transferase 1A) (Table 1) were qu- 
antified by qRT-PCR analysis. The messenger 
ribonucleic acid (mRNA) levels for MSC spe- 
cific genes of lymphocyte common antigens 
cluster differentiation-45 (CD-45) and CD-105 
were also estimated by qRT-PCR. In brief, total 
ribonucleic acid (RNA) was isolated from the  
rat livers using Trizol Reagent (Invitrogen, Gr- 
and Island, NY, USA) in accordance with the 
manufacturer’s manual. Cloned deoxyribonu-
cleic acid (cDNA) was created using the Prime-
Script RT Master Mix reagent kit from Takara 
(Dalian, China), in accordance with the manu-
facturer’s instructions. Premix Ex reagent kit 
(Takara, Dalian, China) was used to create real-
time qRT-PCR reactions, which were then car-
ried out using an automated ABI ViiATM 7  
real-time PCR system (Applied Biosystems, 
Waltham, MA, USA).
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Western blotting analysis

Each homogenized tissue sample was treat- 
ed using the Ready Prep TM protein extraction 
kit (total protein) provided by Bio-Rad Inc. 
(Catalogue #163-2086; USA) in accordance 
with the manufacturer’s instructions. The Br- 
adford Protein Assay Kit (SK3041) was devel-
oped by Bio Basic Inc. (Markham, Ontario, 
Canada) for quantitative protein analysis. Each 
sample was subjected to a Bradford assay, per-
formed in accordance with the manufacturer’s 
recommendations. The samples were divided 
using SDS-PAGE (sodium dodecyl sulphate  
poly acrylamide gel electrophoresis), a com-
mon method for dividing proteins according  
to their molecular weight. The manufacturer’s 
instructions were followed while creating the 
SDS-PAGE TGX Stain-Free Fast Cast. Several 
primary antibodies were employed, including 
those against cleaved caspase-3, TNF-R1, 
Nrf2, and NF-κB p65. In accordance with manu-
facturer’s recommendations, primary antibody 
was diluted in tris-buffered saline with Tween 
20 (TBST). Each primary antibody solution was 
incubated at 4°C overnight with the blotted tar-
get protein. The blot was rinsed with TBST 3-5 
times for 5 minutes. The blotted target protein 
was incubated for 1 hour at room temperature 
in a horseradish peroxidase (HRP)-conjugated 
secondary antibody (goat anti-rabbit IgG-HRP-1 
mg goat mab - Novus Biologicals) solution. The 
blot was rinsed with TBST 3-5 times for 5 min-
utes. According to the manufacturer’s instruc-
tions, the chemiluminescent substrate (Clarity 
TM Western ECL substrate, Bio-Rad cat#170-
5060; USA) was applied to the blot. A CCD  
camera-based imager was used to record the 
chemiluminescent signals. The target proteins’ 
band intensities were compared to the control 
sample β-actin (a housekeeping protein) using 
image analysis software on the ChemiDoc MP 
imager. 

Histological examinations of liver tissue 

Animals were dissected to remove the liver at 
the end of the experiment after being anaes-
thetized with light diethyl ether for the histology 
preparations. Liver was cut into small pieces  
of 3 mm3 and then fixed in 10% NBF for 24 h. 
Sections of 4-5 µm in thickness were prepared 
with a microtome and stained with haematoxy-
lin & eosin (H&E) and Masson’s trichrome (MT) 
for histopathological studies [47, 48]. To look 

for histological lesions, stained liver sections 
were examined. Lesions or injuries were rated 
as absence (0), mild (I), moderate (II), and 
severe (III) for changes, respectively, in three 
randomly chosen fields of each section (100) 
[49]. For changes of less than 30%, 30-50%, 
and more than 50%, the corresponding gra- 
des were 0%, 30-50%, and more than 50%. 
The graded lesions included steatosis or fatty 
changes, vacuolar degeneration, vascular con-
gestion, binuclear hepatocytes, necrosis and 
collagen fibers.

Immunohistochemical study

Immunolocalization for TNF-α (tumor necrosis 
factor-α), p53 (apoptotic protein 53) and COX-2 
(cyclooxygenase-2) was performed on 5-6 µm 
thickness liver slices and stained with the 
streptavidin-biotin-peroxidase staining techni- 
que [50]. After being deparaffinized in xylene, 
slices were rehydrated in descending alcohol 
grades. To block endogenous peroxidase and 
non-specific antibody binding sites, the sec-
tions were treated with 0.3 percent hydrogen 
peroxide for 20 minutes at room temperature 
and 5 percent normal bovine serum (1:5 dilut-
ed TRIS) for 20 minutes at room temperature, 
respectively. To lessen non-specific binding, 
the slices were washed in phosphate buffered 
saline and 10% normal goat serum. The sec-
tions were treated for 1 hour with anti-sera 
from Bio Genex (Santa Cruz, CA, USA) that con-
tained primary antibodies for rat TNF-α, p53, 
and COX-2. For immunolabelling, the sections 
were incubated for 30 minutes with a biotinyl-
ated secondary antibody (Dako-K0690; Dako 
Universal LSAB Kit), streptavidin horseradish 
peroxidase (Dako-K0690), and 3, 30-diamino-
benzidine tetrahydrochloride substrate kit 
(Sigma-D5905; Sigma-Aldrich Company Ltd., 
Gillingham, UK). Final steps included staining 
the nuclei using Harry’s hematoxylin stain, dry-
ing them in graded alcohol, clearing them in 
xylene, and mounting them in dibutylphthalate 
polystyrene xylene (DPX). A high-power light 
microscope was used to examine the antibod-
ies’ binding to determine its effectiveness.

Evaluation of staining intensity by image J 
analysis

Using the “Leica Quin500C” image analyzer 
computer system, cells were examined on three 
slides of each group to measure the area per-
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Table 2. Effect of rats’ BM-MSCs and mice BM-MSCs on liver function parameters in serum of CCL4-
injected rats

Groups ALT (U/L) AST (U/L) ALP (U/L) γ-GT (U/L) Direct Biliru-
bin (mg/dL)

Total Biliru-
bin (mg/dL) ALB (g/dL)

Normal Control 50.94 ± 2.29a 152.78 ± 15.29a 313.73 ± 14.60a 4.28 ± 0.19a 0.12 ± 0.01a 0.40 ± 0.01a 3.28 ± 0.08d

CCl4 92.38 ± 5.43c 236.05 ± 7.89b 855.92 ± 10.12d 7.79 ± 0.17c 0.54 ± 0.01d 1.31 ± 0.02d 1.32 ± 0.04a

CCl4/mice BM-MSCs 70.60 ± 7.71b 185.43 ± 5.74a 642.27 ± 21.46c 5.82 ± 0.15b 0.43 ± 0.02c 0.68 ± 0.02c 1.93 ± 0.09b

CCl4/rats BM-MSCs 59.62 ± 2.52a,b 159.12 ± 13.12a 546.32 ± 11.08b 4.70 ± 0.21a 0.19 ± 0.01b 0.53 ± 0.02b 2.61 ± 0.10c

Data are represented as mean ± SE. Number of animals in each group is six. Mean values with different superscript letters are significantly different at P < 0.05. a, b, c, 
d indicated the difference or similarity between groups.

centage of positive TNF-α, p53 and COX-2 
immuno-reactive cells in the liver (Leica Ima- 
ging System Ltd., Cambridge, England).

Electron microscopic study

Liver samples were divided into 1 mm3 pieces 
and immediately fixed in 3% fresh glutralde-
hyde-formaldehyde at 4°C for 18-24 h. Fo- 
llowing a phosphate buffer wash (pH 7.4), the 
specimens were post-fixed in isotonic 1% osmi-
um tetroxide for an hour at 4°C. Alcoholic se- 
rial dehydration was performed. The procedure 
for embedding the specimens in Spur resin 
began with passing the specimens through a 
mixture of propylene oxide and resin, followed 
by a mixture of propylene oxide and resin at a 
ratio of 1:3 overnight, before being transferred 
to capsules containing fresh resin and baked 
for a day at 60°C to produce hard blocks. To 
identify the area of interest, semi-thin slices 
were cut at 1.0 m thickness using an ultra- 
cut Reichert-Jung ultra-microtome, stained with 
toluidine blue, and then viewed under a light 
microscope. Subsequently, using the ultra-
microtome glass knives, ultrathin slices were 
created. They were subsequently stained with 
uranyl acetate and lead citrate [51] and ana-
lyzed using a Joel CX 100 transmission electron 
microscope run at an accelerating voltage of 
60 KV.

Statistical analysis

The collected data were shown as mean ± stan-
dard error (SE). The number of animals in each 
group was six. The Statistical Package of Social 
Sciences (SPSS) (Cary, NC, USA) version 21 
was used for the statistical analysis. The data 
was analyzed by one-way analysis of variance 
(ANOVA) followed by Duncan’s multiple range 
testing [52, 53] to compare various groups with 
each other. Values were considered significant 
at P < 0.05.

Results

Of BM-MSCs on CCl4-induced liver dysfunction

As summarized in Table 2, ALT, AST, ALP, and 
γ-GT activities, as well as direct and total biliru-
bin levels, were significantly (P < 0.05) higher in 
CCl4-injected rats than those in the normal 
control group. However, these levels were sig-
nificantly (P < 0.05) decreased by the injection 
of rats and mice BM-MSCs. In contrast, albu-
min levels were significantly (P < 0.05) lower in 
the CCl4-injected group than those in the con-
trol group but significantly (P < 0.05) increased 
upon the injection of rats and mice BM-MSCs.

Liver parameters of oxidant and antioxidant 
defense

Injection of rats and mice BM-MSCs caused 
significant elevation of liver LPO levels (Table 
3). In contrast, CCl4-injection produced a sig-
nificant decrease in the liver levels of antioxi-
dant parameters, including GSH levels and 
GPx, GST, and SOD activities, below those of 
the normal control. Moreover, the injection of 
rats and mice BM-MSCs in CCl4-injected rats 
significantly prevented the CCl4-induced eleva-
tion of liver LPO levels and suppression of the 
above antioxidant parameters.

Histopathological result of liver tissue

Both routine staining with H&E and special 
staining with Masson’s Trichrome for collagen 
fibers were applied to describe liver histopatho-
logical changes.

H&E staining 

Histopathological analysis of hematoxylin and 
eosin-stained sections of liver tissue revealed 
normal central vein, sinusoids, and hepato-
cytes in the control animals (Figure 1A). How- 
ever, in the liver of CCl4-treated animals, hepat-
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Table 3. Effect of on oxidative stress and anti-oxidant defense system

Groups LPO (nmol MDO/100 
mg tissue)

SOD (U/mg 
tissue)

GSH (nmol/100 
mg tissue)

GST (U/100 mg 
tissue)

GPx (mU/100 
mg tissue)

Normal Control 25.88 ± 0.57a 105.32 ± 2.08d 18.68 ± 0.74c 165.77 ± 1.21d 149.09 ± 1.76d

CCl4 77.36 ± 1.18d 41.02 ± 1.77a 5.00 ± 0.32a 98.82 ± 0.64a 111.44 ± 0.24a

CCl4/mice BM-MSCs 52.57 ± 0.67c 56.02 ± 0.74b 6.36 ± 0.27a 111.09 ± 1.44b 123.10 ± 0.64b

CCl4/rats BM-MSCs 35.03 ± 1.92b 85.00 ± 2.07c 11.52 ± 0.41b 141.69 ± 0.87c 135.13 ± 1.02c

Data are represented as mean ± SE. Number of animals in each group is six. Mean values with different superscript letters are 
significantly different at P < 0.05. a, b, c, d indicated the difference or similarity between groups.

Figure 1. Photomicrographs of liver section of control group. (A) Central vein (CV), sinusoids (S) and hepatocyte 
(arrow) (Scale bars of A = 50 µm). (B) Liver section of CCl4-treated group showing hepatic nodules surrounded by 
fibrous tissues (arrows) (Scale bars of B = 200 µm). (C, D) Liver section of CCL4-treated group showing portal area 
containing dilated congested portal vein (PV), marked proliferative bile ducts (arrow heads) and mononuclear leu-
kocyte infiltration (IF) (Scale bars of C, D = 100 µm). (E) Liver section of CCl4-treated group showing fatty changes 
of hepatocytes (F) (Scale bars of E = 100 µm). (F-H) Liver section of CCl4-treated group revealing abnormal ag-
gregations of proliferated bile ductule (arrow) surrounded by thick membrane, vacuolated cytoplasm (V), dilated 
hyperemic sinusoids (S), dissolution of cytoplasm (d) and marked increase of bi-nucleated hepatocytes (wave ar-
row) (Scale bars of F, G = 50 µm, Scale bars of H = 100 µm). Photomicrographs of liver section of treated groups (I) 
CCl4/mice BM-MSCs and (J) CCl4/rats’ BM-MSCs demonstrating amelioration of architecture of the hepatocytes, 
sinusoids, and central vein (CV) (H&E stain; Scale bars of A = 50 µm, Scale bars of B = 100 µm).

ic nodules were surrounded by fibrous tissues 
(Figure 1B), the portal vein was dilated and 
congested, and a proliferation of bile ducts  
and mononuclear leukocyte infiltration were 
seen in the portal area (Figure 1C, 1D). He- 

patocytes exhibited fatty changes (Figure 1E), 
vacuolations and dissolution of cytoplasm, and 
a marked increase of bi-nucleation, with dilated 
hyperemic sinusoids in the surround (Figure 
1F-H).
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Figure 2. Photomicrographs of liver section of rats. (A) Normal distribution 
of blue stained fine collagen fibers around the central vein. (B, C) Group 
CCl4 abundant stained thick collagenous fibers surrounding the portal area 
and bile duct. (D, E) CCl4/mice and rats’ BM-MSCs respectively illustrating 
marked decrease of collagen fibers (Masson’s trichrome stain; Scale bars 
of A, E = 100 µm, Scale bars of C, D = 50 µm, Scale bars of B = 200 µm).

In contrast to animals treated with CCl4 alone, 
the liver tissues of animals treated with both 
CCl4 and BM-MSCs derived from rats (Figure 
1I) or mice (Figure 1J) displayed marked ame-
lioration of the pathological changes of the 
sinusoids, central vein, and the cytoarchitec-
ture of hepatocytes.

Masson’s trichrome staining

Masson’s trichrome (MT) highlights collagen 
fibers in blue stain. In MT-stained liver sections 
of the control animals, the surroundings of the 
central vein featured regular distribution of fine 

collagen fibers (Figure 2A). In 
contrast, sections prepared 
from the liver of CCl4-treated 
animals featured an abun-
dance of thick collagenous 
fibers surrounding the portal 
area and bile ducts (Figure 2B, 
2C). However, the amount of 
collagen fibers was markedly 
decreased in animals treated 
with both CCl4 and BM-MSCs 
from mice (Figure 2D) or rats 
(Figure 2E).

Histopathological change 
scores of liver lesions

Histopathological change scor- 
es of different groups are rep-
resented in Table 4. The nor-
mal control liver section show- 
ed no histological lesions as 
represented by zero score.  
The liver of CCl4-treated rats  
displayed different grades of  
histopathological alterations  
scores ranging from grade III to 
grade 0. The treatments of 
CCl4-administered group with 
mice BM-MSCs and rats’ BM- 
MSCs revealed marked impro- 
vements in histological lesions 
including steatosis or fatty 
changes, vacuolar degenera-
tion, vascular congestion, and 
binuclear hepatocytes, necro-
sis and collagen fibers as  
compared with CCl4-treated 
group.

Immunohistochemical result of liver tissue

TNF-α, p53 and COX-2 expression: The liver  
levels of TNF-α assayed by immunohistochem-
istry were summarized in Figure 3 for animals 
in the different groups. The pale brown density 
in the photomicrograph in Figure 3A indicated 
very low levels of TNF-α characteristic of the 
normal control. In contrast, liver samples from 
the group treated with CCl4 alone featured 
intense brown positive immunoreaction for 
TNF-α in the cytoplasm of hepatocytes (Figure 
3B). However, hepatocytes of animals treated 
with both CCl4 and mice or rats’ BM-MSCs 



Mesenchymal stem cells attenuate carbon tetrachloride-induced liver cirrhosis

6389 Am J Transl Res 2023;15(11):6381-6403

Table 4. Histopathological scores of liver lesions in groups of normal control, CCl4, CCl4/mice BM-
MSCs, CCl4/rats BM-MSCs
Histopathological changes Score Normal Control CCl4 CCl4/mice BM-MSCs CCl4/rats BM-MSCs 
Steatosis and fatty degeneration 0 6 (100%) 1 (16.7%) 6 (100%) 6 (100%)

I - 1 (16.7%) - -
II - 3 (50%) - -
III - 1 (16.7) - -

Vacuolar degeneration 0 6 (100%) - 4 (66.7%) 5 (83.3%)
I - 1 (16.7%) 1 (16.7%) 1 (16.7%)
II - 2 (33.3%) 1 (16.7%) -
III - 3 (50.0%) - -

Vascular congestion 0 6 (100%) - 6 (100%) 6 (100%)
I - - - -
II - 2 (33.3%) - -
III - 4 (66.7%) - -

Binuclear hepatocytes 0 6 (100%) 1 (16.7%) 5 (83.3%) 5 (83.3%)
I - 2 (33.3%) - 1 (16.7%)
II - 3 (50.0%) 1 (16.7%) -
III - - - -

Necrosis 0 6 (100%) 3 (50.0%) 6 (100%) 6 (100%)
I - 1 (16.7%) - -
II - 2 (33.3%) - -
III - - - -

Collagen fibres 0 6 (100%) - 4 (66.7%) 4 (66.7%)
I - - 1 (16.7%) 2 (33.3%)
II - 2 (33.3%) 1 (16.7%) -
III - 4 (66.7%) - -

Histopathological lesions were rated as absence (0), mild (I), moderate (II), and severe (III)

exhibited minimal cytoplasmic positivity for 
TNF-α (Figure 3C, 3D).

A very similar pattern was observed for the p53 
protein levels in liver (Figure 3): p53-positive 
density in the cytoplasm of hepatocytes was 
pale in the normal control (Figure 3E), intense 
brown in the CCl4-treated (Figure 3F), and this 
pattern was also mirrored by the densities of 
COX-2 pale again in the CCl4/mice BM-MSCs 
(Figure 3G) and CCl4/rats’ BM-MSCs (Figure 
3H) groups.

This pattern was also mirrored by the densities 
of COX-2 positive immunoreaction in the cyto-
plasm of hepatocytes (Figure 3). The photo- 
micrograph (Figure 3I) illustrated very week 
expression of COX-2 in normal control group. 
CCl4-injection revealed strong positive immu-
noreaction for COX-2 in the cytoplasm of hepa-
tocytes (Figure 3J) compared to the control. 

CCl4/mice BM-MSCs and CCl4/rats’ BM-MSCs 
(Figure 3K, 3L) showed weak immunoreaction 
for COX-2 in the cytoplasm of hepatocytes.

Results of the quantitative image analysis of 
the immunohistochemical densities positive  
for TNF-α, p53, and COX-2 protein, summarized 
in Table 5, confirmed the above qualitative 
assessments. Specifically, liver levels of these 
proteins were significantly increased in CCl4-
injected rats over those in the normal control 
but were significantly downregulated in animals 
receiving both CCl4 injections and treatment 
with mice or rats’ BM-MSCs. The analysis also 
revealed that the treatment was significantly (P 
< 0.05) more effective with rats’ BM-MSCs 
than with mice BM-MSCs in preventing the 
CCl4-induced elevations of TNF-α, p53, and 
COX-2 protein levels in the liver. Alterations in 
the average area percentage of TNF-α, p53-, 
and COX-2 immunoreactions in the control, 
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Figure 3. Photomicrographs of liver section. (A) Control group showing negative immunoreaction for TNF-α in the cy-
toplasm of hepatocytes. (B) CCl4 Group showing intense brown positive immunoreaction for TNF-α in the cytoplasm 
of hepatocytes. (C) CCl4/mice BM-MSCs and (D) CCl4/rats’ BM-MSCs respectively revealing minimal immune reac-
tion for TNF-α in the cytoplasm of hepatocytes (Immunostaning for TNF-α; Scale bars of A-D = 50 µm). (E) Control 
group showing negative immunoreaction for p53 in the cytoplasm of hepatocytes. (F) CCl4 Group showing intense 
brown positive immunoreaction for p53 in the cytoplasm of hepatocytes. (G) CCl4/mice BM-MSCs and (H) CCl4/
rats’ BM-MSCs respectively revealing minimal immune reaction for p53 in the cytoplasm of hepatocytes (Immunos-
taning for p53; Scale bars of A-D = 100 µm). (I) Control group showing negative reaction for COX-2 in the cytoplasm 
of hepatocyte. (J) CCl4 Group illustrating strong positive immunoreaction for COX-2 in the cytoplasm of hepatocytes. 
(K) CCl4/mice BM-MSCs and (L) CCl4/rats’ BM-MSCs showing weak immunoreaction for COX-2 in the cytoplasm of 
hepatocytes (Immunostaning for COX-2; Scale bars of A = 100 µm, Scale bars of B-D = 50 µm). (M) Showing area % 
of TNF-α, p53 and COX-2 immunohistochemistry in all studied groups. Mean values with different superscript letters 
are significantly different at P < 0.05.

CCl4-injected, and groups given BM-MSCs  
from rats and mice are shown (Figure 3M).

Ultrastructural result of liver tissue

Transmission electron microscopical examina-
tion of hepatocytes of the control group show- 
ed euchromatic nucleus, nucleolus, numerous 
mitochondria, rough endoplasmic reticulum, 
glycogen granules, and bile canaliculi with 
intact microvilli (Figure 4A, 4B). Normal Kupffer 
cells (Figure 4C) were also observed. In con-
trast, liver cells in animals of the CCl4-treated 
group featured shrunk nuclei, variable-size lipid 
droplets, damaged bile canaliculi, an absence 
of microvilli, and vacuolated mitochondria 

(Figure 4E, 4F). In addition, a proliferation of 
Kupffer cells featuring irregular cell membrane, 
bundles of collagen fiber, dilatation of bile cana-
liculi, pyknotic nuclei, and irregular nuclear  
membrane, was also observed (Figure 4D, 4G). 

However, administration of mice BM-MSCs to 
CCl4-treated animals led to the amelioration of 
nuclei and mitochondria of hepatocytes and 
the irregular membrane of Kupffer cells (Figure 
5A, 5B). Similarly, administration of rats’ BM- 
MSCs to CCl4-treated animals led to marked 
recovery of the nucleus, mitochondria, rough 
endoplasmic reticulum, bile cana-liculi of hepa-
tocytes, and the irregular nuclear membrane of 
Kupffer cells (Figure 5C, 5D). 
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Table 5. Showing the changes in the area percentage of TNF-α, 
p53 and COX-2 immunopositivity in all studied groups
Groups Area% TNF-α Area% p53 Area% COX-2
Normal Control 0.04 ± 0.01a 0.44 ± 0.02a 0.68 ± 0.02a

CCl4 34.75 ± 3.01c 38.56 ± 1.97c 48.78 ± 2.15c

CCl4/mice BM-MSCs 16.58 ± 0.70b 11.81 ± 0.74b 14.62 ± 1.70b

CCl4/rats BM-MSCs 4.19 ± 0.70a 3.45 ± 0.90a 4.48 ± 0.83a

Data are represented as mean ± SE. Number of animals in each group is six. 
Mean values with different superscript letters are significantly different at P < 
0.05. a, b, c indicated the difference or similarity between groups.

Figure 4. Electron micrographs of liver cells. A, B: Control group showing 
hepatocytes with euchromatic nucleus (N), nucleolus (nu), numerous mi-
tochondria (M), rough endoplasmic reticulum (rER), glycogen granules (G), 
and bile canaliculi with intact microvilli (thick arrow) (Scale bar = 2 µm). 
C: Normal Kupffer cell (head arrow) (Scale bar = 2 µm). D, E: Liver cells of 
CCl4-treated group showing lipid droplets with variable size droplets (long 
arrow), damaged bile canaliculi and absence of microvilli (thick arrow), and 
vacuolated mitochondria (M) (Scale bars = 2 µm). F, G: Liver cells of CCl4 
group showing shrinkage nucleus (N), proliferated Kupffer cell with irregular 
membrane (head arrow), bundle of collagen fiber (curve arrow), dilatation of 
bile canaliculi with pyknotic nucleus and irregular nuclear membrane (thick 
arrow) (Scale bars = 2 µm).

Effect of CCl4 and BM-MSCs 
on gene expression in the liver

TGF-β1, CYP1A1, MMP-9, 
procollagen-α1, and UGT1A 

CCl4 injection caused a signifi-
cant upregulation of mRNA ex- 
pression for TGF-β1, CYP1A1, 
MMP-9, procollagen-α1, and 
UGT1A (Figure 6). Conversely, 
CCl4 injection caused a down-
regulation of mRNA expression 
for IL-4 and IL-10 in the liver 
(Figure 7). But the injection  
of rats or mice BM-MSCs on- 
ce a week in CCl4-treated ani-
mals restored liver mRNA ex- 
pression for TGF-β1, CYP1A1, 
MMP-9, procollagen-α1, and 
UGT1A to levels similar to 
those of the control group. 
However, the increased mRNA 
expression for IL-4 and IL-10 
induced by the BM-MSCs 
treatment did not fully restore 
normal levels and was only sig-
nificant (P < 0.05) for IL-10. In 
comparison to the healthy con-
trol group, the CCl4 group had 
lower levels of CD-105 and 
Oct3/4 expression (significant 
P 0.05) (Figure 8). On the other 
hand, the BM-MSCs treatment 
elevated the mRNA expression 
of CD-105 and Oct3/4.

Nrf2, caspase-3, TNF-R1, and 
NF-κB p65 

The liver levels of NFE2L2, 
Caspase-3, TNF-R1, and NF-κB 
p65 proteins are summarized 
in Figure 9. In the CCl4-injected 
group, levels of the Nrf2 pro-
tein were significantly lower  
(P < 0.05) while levels of cas-
pase-3, TNF-R1, and NF-κB 
p65 protein were significantly 
higher (P < 0.05) than those in 
the normal control. The treat-
ment of CCl4-injected rats wi- 
th mice or rats’ BM-MSCs pro-
duced a significant increase in 
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Figure 5. Electron micrographs of hepatocytes. A, B: CCl4/mice BM-MSCs 
showing amelioration of the hepatocyte nucleus (N) and mitochondria (M) 
with irregular membrane of Kupffer cell (head arrow). C, D: CCl4-treated 
groups CCl4/rats’ BM-MSCs revealing marked recovery of the hepatocyte 
nucleus (N), mitochondria (M), rough endoplasmic reticulum (rER), bile can-
aliculi (carved arrow) and irregular nuclear membrane of Kupffer cell (arrow 
head) (Scale bars = 2 µm).

Figure 6. Effect of rats’ BM-MSCs and mice BM-MSCs on liver tissue CY-
P1A1, MMP-9, procollagen-α1, TGF-β1, and UGT1A mRNA expression in 
CCl4-injected rats. Means that share the same superscript symbol(s) are 
not significantly different. Number of detected samples in each group is 
three.

Nrf2 expression, with the rat BM-MSCs being 
more effective. In contrast, the treatment of 

CCl4-injected rats with mice  
or rats’ BM-MSCs produced  
significant downregulation of 
CCl4-elevated mRNA expres-
sion for caspase-3, TNF-R1, 
and NF-κB p65 protein, with 
the rats’ BM-MSCs being sig-
nificantly (P < 0.05) more 
effective than the mice BM- 
MSCs. 

Discussion 

CCl4-induced liver fibrosis and 
cirrhosis is a well-known exper-
imental model. Comparatively 
to mice injected with CCl4/
MSCs, animals treated with 
CCl4 alone exhibited collagen 
buildup and lipid droplets of 
varying size. Here, we used 
this paradigm to examine and 
contrast the BM-MSC treat-
ment’s ameliorative effects on 
CCl4-induced liver fibrosis and 
the associated pathological 
alterations of histological and 
functional integrity in mice and 
rats. We also looked into a 
number of mediators of oxida-
tive stress, inflammation, apo- 
ptosis, and fibrosis in an effort 
to elucidate the processes 
behind the MSC effect.

We have found that, as a result 
of hepatocyte injury caused by 
CCl4 injection, the levels of  
bilirubin and the activity of 
blood liver enzymes, such as 
AST, ALT, ALP, and γ-GT, signifi-
cantly increased in compari-
son with those of the normal 
control group. However, albu-
min activity significantly de- 
creased below the control in 
the CCl4-injected group (Table 
2). These results are in accor-
dance with the findings of 
Perrissoud [54], El-Haskoury 
[55], and Barghi [56]. Other 
investigators also showed that 
CCl4 toxicity led to an increase 

in blood liver enzyme activity and total bilirubin 
level [55, 58]. 
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Figure 7. Effect of rats’ BM-MSCs and mice BM-MSCs on liver tissue IL-4 and 
IL-10 mRNA expression in CCl4-injected rats. Means that share the same 
superscript symbol(s) are not significantly different. Number of detected 
samples in each group is three.

Figure 8. Effect of rats’ BM-MSCs and mice BM-MSCs on liver tissue CD105, 
and Oct3/4 mRNA expressions in CCl4-injected rats. Parameter means that 
have different symbols are significantly different. Number of detected sam-
ples in each group is three.

On the other hand, we have found that treat-
ment of CCl4-injected rats with mice BM-MSCs 
and rat BM-MSCs improved the CCl4-altered 
serum ALT, AST, ALP, and γ-GT activities, and 

albumin and bilirubin levels, 
toward the normal levels. 
These findings are consistent 
with those of Cho [59], Aya- 
tollahi [60], and Zhou [61], who 
reported similar results for the 
treatment of CCl4-intoxicated 
and cirrhotic rats with MSCs.

The advantage of rats’ BM- 
MSCs over mice BM-MSCs was 
most likely due to the pres-
ence of a powerful therapeutic 
agent for the treatment of liver 
cirrhosis. 

Oxidative stress and excessive 
production of ROS by chemi-
cals, drugs and toxins result in 
oxidative damage to DNA, pro-
teins, and lipids. The disorgani-
zation, malfunction, and even-
tual destruction of membranes, 
enzymes, and proteins are all 
possible outcomes of this 
molecular damage [62, 63]. 
El-Haskoury [54] reported that 
CCl4 caused an elevation of 
LPO and a decrease of GPx 
and GSH in liver cirrhosis, in 
agreement with our results  
of CCl4-induced significant in- 
crease of liver LPO and 
decrease of GPx and GST com-
pared to the normal control. 
Sodhi [64] also reported a 
decrease of GPx activity levels 
in the liver due to hepatic dam-
age. A decrease in SOD and 
GPx activity would most likely 
lead to a reduction in anti-oxi-
dative capabilities. In this 
respect, our results are in 
agreement with those of Khan 
[65], who reported that CCl4 
induced oxidative stress by 
depleting antioxidants (GSH 
and GST) and increasing LPO 
levels in the liver of mice. In 
contrast, the treatment of 
CCl4-injected rats with mice 

and rats’ BM-MSCs significantly downregulated 
the CCl4-elevated liver LPO and significantly 
countered the CCl4-induced decrease of liver 
GSH levels and SOD, GST, and GPx activities. 
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Figure 9. The expression of Nrf2, caspases-3, TNF-R1 and NF-κB P65 in different groups by Western blot analysis. 
The β-actin was used as the loading control of cleaved Nrf2, caspases-3, TNF-R1 and NF-κB P65. The results of 
Nrf2, caspases-3, TNF-R1 and NF-κB P65 are presented as relative expression to β-actin (mean ± SE), and a, b, c 
indicated the difference or similarity between groups.

Figure 10. Schematic figure showing the mechanisms of actions of BM-MSCs in preventing CCl4-induced liver injury 
via suppression of oxidative stress, inflammation and apoptosis.

We also found that rats’ BM-MSCs were more 
potent than mice BM-MSCs. In line with these 
findings, Ayatollahi [60] observed that MSC-
based therapy greatly prevented the CCl4-
induced decline of hepatic GSH levels and that 
GSH levels were significantly higher in MSC-

treated mice than in control animals when no 
CCl4 injections were given. Also, it was shown 
that MSC transplantation into rat livers that 
have been injured by iso-chemic/perfusion re- 
sults in the suppression of oxidative stress and 
the reduction of apoptosis [66]. The protective 
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effects exerted by MSCs against CCl4-induced 
liver hepatotoxicity, which our biochemical an- 
alysis revealed, were confirmed by convention-
al histopathological examination. Specifically, 
we determined that the histopathological ch- 
anges observed after the administration of 
CCl4 were reversed in rats also treated with 
rats or mice BM-MSCs. These results are in 
accordance with the findings of Kus [67], Zhang 
[68], and Magdy [69], who observed marked 
reduction in the amount of collagen fibers and 
an overall improvement of the liver tissue in 
treated animals.

Abdel-Kader [70] and Ahmed [71] reported that 
CCl4 administration led to the loss of the usual 
hepatic cytoarchitecture and the appearance 
of many vacuoles with darkly stained nuclei in 
most of the liver cells under light microscopic 
examination. Additionally, the same investiga-
tors’ electron microscopic analysis of the same 
tissues revealed that hepatocytes had big irreg-
ular vacuoles, many fat droplets, and less than 
normal mitochondria and rER, which was con-
sistent with our findings. Hepatocyte structural 
damage brought on by CCl4 was caused by 
organelle edema [72]. Also consistent with our 
results, Abdel-Moneim [73] and Lin [74] ob- 
served the development of ultrastructural alter-
ations, including the disruption of cisternae, 
mitochondrial swelling, and lysosomal pertur-
bations, which may reflect the significantly 
increased hepatic large lipid droplets in CCl4-
treated rats. In addition, our electron micro-
scopic observation that hepatocytes of animals 
treated with MSCs showed marked recovery of 
the nucleus, mitochondria, rough endoplasmic 
reticulum, and bile canaliculi of hepatocytes 
and recovery of normal Kupffer cells are in 
agreement with those of Ahmed [75] and Ab- 
del-Kader [76]. Similar results, revealing histo-
pathological and ultrastructural improvement 
in the liver structure of animals treated with 
CCl4/MSCs relative to animals treated with 
CCl4 alone, were also reported by Ahmed [71], 
noting that most of the hepatocytes regained 
their structural integrity and appeared nearly 
like those of the normal control.

We found TNF-α at substantially higher levels in 
CCl4-treated animals than in the normal con-
trols, but treatment with mice and rats’ BM- 
MSCs returned TNF-α immunoreactivity to sig-
nificantly lower levers. Consistent with our re- 

sults, Hermenean [77], Domitrović and Jakovac 
[78] found that TNF-α expression was much 
higher in the CCl4-treated mice than in the con-
trol animals. 

The tumor-suppressor protein p53, also known 
as the proapoptotic protein, controls the tran-
scription of numerous target proteins involved 
in the cell cycle, differentiation, and apoptosis 
[79]. A number of proteins strictly control the 
expression and degradation of p53 in the nor-
mal redox state, keeping the level of p53 low 
[80]. According to Ogaly [81] and Elgawish [82], 
we discovered that the immunological reactivi-
ty for p53 was noticeably elevated in the cyto-
plasm of hepatocytes in CCl4-treated animals. 
Nevertheless, these levels were restored upon 
treatment with mouse and rat BM-MSCs.

Previous studies have demonstrated that 
COX-2 is upregulated in the cirrhotic liver [83, 
84]. Previous studies of liver cirrhosis have 
demonstrated the involvement of COX-2 in 
inflammation, activation of hepatic stellate 
cells, epithelial-mesenchymal transition, and 
angiogenesis [85-87]. We observed strong pos-
itive immunostaining for COX-2 in the cyto-
plasm of hepatocytes of CCl4-treated animals, 
consistent with Tang [88] and Hui [89], but 
weak COX-2 positivity in the control group as 
well as in CCl4-injected animals treated with 
mice or rats’ BM-MSCs. This ameliorating 
effect by the rat BM-MSCs was stronger. 

In the cirrhotic liver of rats given CCl4 injec-
tions, we found that the mRNA expression lev-
els for MMP-9, TGF-1, and procollagen-1 were 
dramatically elevated above normal levels. 
However, this was noticeably reduced when the 
rats’ or mice’s BM-MSCs were used as a treat-
ment (with rat BM-MSCs being more effective). 
In line with these findings, Hui [89] showed that 
CCl4 injection increased MMP-9 mRNA levels, 
and RT-PCR further demonstrated that procol-
lagen-1 expression was higher in the CCl4 
group. Similarly, Chale-Dzul [90] found that 
CCl4 increased mRNA expression for TGF-β1, 
and MMP-9, and TGF-β1. Meanwhile, Hsu [91] 
reported that administration of another hepa-
totoxin, dimethylnitrosamine (DMN), to rats for 
2 and 5 weeks induced progressive increases 
in hepatic fibrosis scores in association with 
elevated hepatic mRNA expression for TGF-β1 
and procollagen-α1. 
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Hepatic UGT1A mRNA expression was marked-
ly elevated in CCl4-induced liver cirrhosis; how-
ever, expression levels were reduced following 
administration of BM-MSCs from mice and 
rats, with the latter being more effective. 
Consistent with our result, Fei-Yan [92] found 
that the mRNA levels of hepatic UGT1A were 
significantly increased above normal in CCl4-
treated rats. In a rats’ model, rat BM-MSCs 
functioned better than mice BM-MSCs, proba-
bly because rat MSCs are allogeneic (origin- 
ating from the same species as the host). 
CYP1A1 mRNA expression in the CCl4-induced 
liver cirrhosis of rats was higher than normal 
but decreased in animals also treated with 
mice or rats’ BM-MSCs (the latter was more 
potent). Our results are consistent with those  
of Charles and Huang [93], who reported that 
CYP1A1 mRNA expression in CCl4-treated ani-
mals increased above normal levels. CYP1A1 is 
one of the main cytochrome P450 enzymes 
(CYPs) and has been examined extensively for 
its role in the metabolism of drugs and environ-
mental chemicals. The induction of these CYPs 
contributes to oxidative stress and increased 
inflammation [94]. On the other hand, thera-
pies with BM-MSCs may result in significant 
anti-inflammatory and antioxidant effects via 
downregulating liver CYP1A1 expression (Figure 
10). Strategic clinical studies will benefit from a 
better understanding of the heterogeneity and 
potency of stem cells [95]. Stem cells naturally 
have the ability to divide indefinitely and, if the 
conditions are right, to do so without differenti-
ating. So, for correct differentiation, the cells 
need to receive the right signals from their en- 
vironment and the cells around them [96]. 
Modifications in cell-to-cell or cell-environmen-
tal signalling may have an impact on the resi-
dent cells’ functional pathways. Hence, it was 
found that BM-MSC therapy in rats was more 
effective than BM-MSC therapy in mice.

In the present study, mRNA expression for 
CD105 and Oct3/4 in the liver significantly 
decreased below normal in CCl4-injected rats, 
but expression levels were significantly incre- 
ased again upon a treatment of CCl4-injected 
rats with mice or rat BM-MSCs. Both CD105 
and Oct3/4 are specific markers of MSCs [24, 
97]. In particular, Oct3/4 is one of the impor-
tant transcription factors required to maintain 
the pluripotency and self-renewal of stem cells 
[42, 98, 99]. In our opinion, the increased lev-

els of CD105 and Oct3/4 in CCl4-injected rats 
after treatments with BM-MSCs may reflect the 
homing and multiplication of these cells in the 
liver. 

The mRNA expression for IL-4 and IL-10 signifi-
cantly decreased below normal in liver of CCl4-
injected rats, but this decrease was significant-
ly ameliorated upon treatment with mice or 
rats’ BM-MSCs. IL-4 and IL-10 are both T helper 
2 (Th2) cytokines and are known to possess 
critical anti-inflammatory, immunoregulatory, 
and protective properties [100-103]. Moreover, 
IL-10 has been demonstrated to regulate neu-
trophil infiltration, hepatocyte proliferation, and 
liver fibrosis in a murine model of CCl4 hepato-
toxicity [104, 105], pointing to potential path-
ways underlying the therapeutic actions of 
MSCs in the treatment of liver cirrhosis.

Nrf2 is an important transcription factor in the 
antioxidant response pathway and it is an 
emerging modulator of cellular resistance to 
ROS (Figure 10). Nrf2 is normally confined to 
the cytoplasm in normal circumstances. Under 
oxidative stress, however, Nrf2 reaches the 
nucleus and works as a transcriptional factor, 
controlling downstream gene expression and 
so reducing oxidative stress [106]. It stimulates 
the basal as well as induced expressions of 
antioxidant response element (ARE)-dependent 
genes to control the physiological and patho-
physiological outcomes of oxidant exposure 
[107]. In the current work, rats given CCl4 injec-
tions showed a significant drop in the expres-
sion of the liver protein Nrf2, and treatment of 
CCl4-injected rats with either mice or rats’ 
BM-MSCs considerably reduced the downregu-
lation of Nrf2. Rats’ BM-MSCs were more suc-
cessful. There is an accumulating evidence 
from previous publications that the expression 
of antioxidant ARE genes, which also exert anti-
inflammatory actions, is regulated mainly by 
the transcription factor Nrf2 [108] (Figure 9). In 
addition, it is worth mentioning that SOD, GPx, 
and MDA are enzymes that are known to be 
connected to Nrf2 [109, 110]. Thus, the incre- 
ase in liver Nrf2 expression may be a key player 
in mediating the antioxidant and anti-inflamma-
tory effects exerted by BM-MSCs in Wistar rats 
with CCl4-induced hepatotoxicity (Figure 9). 
The findings demonstrated that treatment with 
mice and rats’ BM-MSCs reduced ROS, oxida-
tive stress, liver enzymes, and inflammation 
but Nrf2 increased (Figure 10).
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Consistent with Wang [111], we observed that 
cleaved caspase-3 expression in the CCl4-
injected group was significantly greater than 
normal. We also saw that BM-MSC therapy 
brought the levels back to those of normal con-
trol, and the impact was stronger when rats’ 
BM-MSCs were used in the treatment rather 
than mice’s. Rat BM-MSC was found by the 
researchers to reduce CCl4-induced hepato-
cyte death [112, 113]. BM-MSCs in mice were 
significantly lower than those in the CCL4 
group. Caspase-3 and p53 are mediators in the 
intrinsic apoptotic pathway that is activated by 
excessive production in mitochondria (Figure 
10). This shows that the anti-apoptotic actions 
of MSCs exerted via the intrinsic route are 
responsible for the downregulation of these 
two apoptotic mediators by treatment of CCl4-
injected rats with mice’s and rats’ BM-MSCs 
(Figure 10).

TNF-R1, detected by Western blot in the pres-
ent study, was significantly reduced after treat-
ment with mice and rats’ BM-MSCs compared 
to the CCl4-injected group. TNF-R1 and other 
TNF-R transmembrane death receptors, which 
have a death domain and carry the death signal 
from the cell surface to the cytoplasmic mem-
brane, are examples of extrinsic transcription 
factors [114]. The ability of mice and rats’ 
BM-MSCs to treat CCl4-injected rats reflects 
their capacity to inhibit apoptosis via extrinsic 
pathway as well, as evidenced by the downre- 
gulation of death receptor domain TNF-R1 in 
these treated rats (Figure 10).

Our results indicated that, acting via the altera-
tion of NF-κB p65 protein expression, MSCs 
isolated from the bone marrow of rats or mice 
may attenuate inflammation in the liver of the 
CCl4-injected rats. Consistent with our findings, 
Wang [115] discovered that NF-κB p65 levels 
were higher in CCl4-injected rates than in the 
normal control group. Inflammation is brought 
on by both the p65 and p50 subunits of NF-B 
activating inflammatory genes to enhance the 
expression of pro-inflammatory and inflamma-
tory cytokines and chemokines, including TNF-
α, COX-2, and others (Figure 10). The anti-
inflammatory properties and the inhibitory 
effects of MSCs on the NF-B signalling path- 
way are reflected in the decrease in NF-κB p65 
expression shown in response to the treatment 
of CCl4-injected rats with BM-MSCs.

Conclusions

This study has shown that rat liver damage 
caused by CCl4 may be successfully treated 
with BM-MSCs obtained from mice and rats. 
The inhibition of oxidative stress, inflammation, 
and apoptosis, as well as the enhancement of 
the antioxidant defense system and Nrf2 ex- 
pression, may all be ways in which BM-MSCs 
exert their effects. When it came to increasing 
antioxidant, anti-apoptotic, and anti-inflamma-
tory effects as well as liver function and integ-
rity, BM-MSCs isolated from rats were more 
effective than those from mice. There are some 
limitations to the current study regarding sig-
naling pathways of fibrosis, so further research 
is needed to figure out the molecular mecha-
nisms involved in the formation E-cadherin and 
collagen I which are implicated in the fibrotic 
process.
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