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ABSTRACT

Background: As mesenchymal stem cells have anti-inflammatory 
and immunomodulating properties and can be a therapeutic option 
in regenerative medicine, this study was undertaken to determine 
ameliorating effect of adipose tissue stem cells (AdSCs) on liver function 
in experimental rats with liver fibrosis.
Methods: Thirty-two rats were randomly divided into four equal groups 
including control group 1 receiving just 1 mL/kg of distilled water, twice 
a week for 8 weeks (intraperitoneally: IP). Control group 2 received 1 
mL/kg of olive oil, similarly. Sham group was treated with CCl4 (1 mL/
kg) dissolved in 1 mL of olive oil to induce liver injury, identically. In 
control and sham groups, blood samples were collected at the beginning 
of week 8. Finally, the experimental group after induction of liver injury, 
was injected with 2×106 AdSCs in the tail vein at the beginning of week 
8, while a blood sample was provided after 3 and 8 weeks following cell 
transplantation to determine liver function.
Results: AdSC were spindle shape, positive for osteogenic and adipogenic 
inductions and expressed mesenchymal and lacked hematopoietic 
markers. Following cell transplantation, an improvement in albumin, 
total protein, and direct and indirect bilirubin were noticed denoting to 
repairing effect of AdSCs and treatment of liver injury.
Conclusion: AdSCs improved liver function and acted as a promoting 
factor for liver regeneration. So they can be helpful for ameliorating 
hepatic injuries. These findings can be beneficial for cell therapy and can 
open a new era for researchers trying to improve mesenchymal stem cell 
therapeutic outcomes.
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Introduction
 Liver cirrhosis can be considered as the latest stage 
of some chronic liver conditions that have common 
properties of necro-inflammation, fibrosis, and 
regenerative nodules changing the natural structure 
of the liver by reducing its functional mass and 
altering the vascular structure (1). Cirrhosis 
results from the production of extracellular matrix 
(ECM) under chronic injury (2). In the first stage, 
liver cells are damaged by an injury leading to 
the activation and recruitment of Kupffer cells 
and other inflammatory cells. After that, hepatic 
stellate cells (HSCs) are activated (3) that have an 
important role in liver fibrosis and cirrhosis (4). 
Activation of these cells leads to the destruction of 
liver structures, hepatic innervation, and decreased 
liver function due to the accumulation of collagen 
and other extracellular matrix components (5). In 
fact, extracellular matrix proteins, serum levels of 
fibrogenic cytokines, and degradation products are 
substantially increased in advanced fibrosis that 
can cause cirrhosis subsequently (6). It is noticeable 
that bleeding, liver failure or encephalopathy 
and hepatocellular carcinoma (HCC) (7) can be 
considered as the complication of liver cirrhosis. 

Studies show that chronic hepatitis B, alcoholic 
liver disease, chronic hepatitis C, and nonalcoholic 
fatty liver disease (NAFLD) are known as primary 
etiologies for cirrhosis (8). In most developed 
countries, alcoholic liver disease and hepatitis 
C virus (HCV) and nonalcoholic steatohepatitis 
(NASH) are the most common reasons for cirrhosis 
(9), while chronic hepatitis B is considered as a 
main cause in Asia and sub-Saharan Africa (10). 
Autoimmune hepatitis, primary biliary cholangitis, 
primary sclerosing cholangitis, hemochromatosis, 
Wilson disease, alpha-1 antitrypsin deficiency, 
Budd-Chiari syndrome, drug-induced liver 
cirrhosis, and chronic right-sided heart failure 
are other causes of cirrhosis (11). Healthy diet, 
avoidance of alcohol consumption, hepatitis C virus 
(HBV) and HCV vaccinations, controlling weight 
and early treatment of factors such as hypotension, 
dehydration and infections are general management 
to prevent chronic liver disease (11). 

Currently, there is no improved cure for liver 
cirrhosis. The only way is management of symptoms 
and etiology such as ursodeoxycholic acid and 
obeticholic acid in primary biliary cholangitis, 
antiviral medicine in viral hepatitis, steroids and 
immunosuppressant agents in autoimmune hepatitis, 
copper chelation in Wilson disease, iron chelation and 
phlebotomy in hemochromatosis (12). If the liver is 
seriously damaged, liver transplant can be considered 
as only treatment option which is costly (13).

Mesenchymal Stem cells are immature cells 
with extensive ability of self-renewal and high 
potential of differentiation into specific cells like 
adipocytes, osteocytes and chondrocytes under 
special physiological circumstances (14). These 
cells are isolated from different tissues of human 
body like dental pulp (15), Wharton’s jelly (16), bone 
marrow (17) and adipose tissue (18). For cell therapy, 
adipose tissue has been known as a main source due 
to several reasons such as abundance, accessibility, 
high proliferation and rich source of MSCs, while the 
isolation of stem cells from bone marrow is painful 
with low number of mesenchymal stem cells (19). 
This study aimed to investigate the effect of adipose 
tissue-derived stem cells on liver function tests in 
experimental rats. 

 
Materials and Methods

Thirty two male Sprague-Dawley rats (200±20 g) 
were purchased from the Center of Comparative 
and Experimental Medicine, Shiraz University 
of Medical Science, Shiraz, Iran. They were 
kept under 12 h light and 12 h dark cycle with a 
controlled temperature between 20 °C and 22 °C. 
All rats had access to food and water ad libitum. 
They were kept, treated and euthanized based on 
the instructions of the Animal Care Committee 
of Shiraz University of Medical Sciences, Shiraz, 
Iran and according to laws and regulations of Iran 
Veterinary Organization defined for working with 
laboratory animals. The study was approved by 
Arsanjan Azad University Ethics Committee too. 

Hepatic injury was created by intraperitoneal 
(IP) injection twice a week for eight weeks with 1 
mL/kg carbon tetrachloride (CCl4) diluted in olive 
oil 1:1 (v/v). Adipose tissue stem cells (AdSCs) 
were preconditioned for 24 h in normal culture 
medium. AdSCs (2×106 cells/1 mL of phosphate 
buffered saline: PBS) were injected via tail vein at 
the beginning of week 8. The rats were randomly 
divided into four equal groups of 8 rats including the 
control group 1 receiving just 1 mL/kg of distilled 
water, twice a week for 8 weeks (IP). The control 
group 2 received 1 mL/kg of olive oil, twice a week 
for 8 weeks (IP). The sham group (group 3) was 
treated with CCl4 (1 mL/kg) dissolved in 1 mL of 
olive oil twice a week for 8 weeks (IP) to induce 
liver injury. In control and sham groups, blood 
samples were collected at the beginning of week 8. 
Finally, the experimental groups (group 4 and 5) that 
received CCl4 (1 mL/kg) dissolved in 1 mL of olive 
oil (IP, twice a week for 8 weeks) for induction of 
liver injury, was further injected with 2×106 AdSCs 
in the tail vein at the beginning of week 8, while 
a blood sample was provided after 3 and 8 weeks 
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following cell transplantation and considered as 
experimental groups 1 and 2, respectively. 

The rats were anesthetized to collect blood 
samples under general anesthesia using a mixture 
of 10% ketamine (Alfasam, Netherlands) and 2% 
xylasine (Alfasam, Netherlands). Blood samples 
were transferred into a chelate tube, and later 
placed in a centrifuge at 2000 rpm for 15 minutes. 
According to the manufacturer’s instructions, serum 
direct bilirubin, total bilirubin, albumin, and total 
protein were estimated using commercially available 
kits (Abcam, Tokyo, Japan) (20).

Rats were anesthetized using a mixture of 10% 
ketamine (Alfasam, Netherlands) and 2% xylasine 
(Alfasam, Netherlands) and euthanized by cervical 
dislocation. Under sterile condition, adipose tissue 
was isolated from abdominal and pelvic regions and 
transferred into falcon tubes containing Dulbecco’s 
modified Eagle’s medium (DMEM, Gibco, Waltham, 
USA). The adipose tissue was further washed 
three times in sterile PBS and then chopped into 
small pieces by a sterile blade. The mechanically 
cut adipose tissue was later transferred into a 15 
mL falcon tube containing 5 mL of DMEM and 
underwent centrifugation at 200 g for 10 min. 

After removal of the supernatant, the remaining 
pellet was treated with 1.5 mL of 0.2% collagenase 
type II (Gibco, USA) at 37 °C for 40 min and later 
put in incubator with 5% CO2 at 37 °C and saturated 
humidity. A total of 5 mL of DMEM was added 
to the falcon tube, and was centrifuged at 200 g 
for 7 min. The supernatant was taken out, and the 
remaining cell pellet was re-suspended in 1 mL of 
culture media containing 88% DMEM, 10% FBS, 
1% penicillin-streptomycin, and 1% non-essential 
amino acids (Sigma-Aldrich, USA). They were later 
transferred into a culture flask already containing 
4 mL of culture media and placed in an incubator 
with 5% CO2 at 37 °C and saturated humidity. The 
media change was carried out every 3 days until the 
cells were 80% confluent. Sub-culturing of cells was 
conducted at 80% confluence by subjecting cells 
with 0.25% (w/v) trypsin-EDTA (Gibco, USA) until 
passage 3.

The cells were characterized morphologically 
using an inverted microscope (Nikon, Tokyo, Japan), 
to assess to be spindle shape, while the images were 
taken by a digital camera (Olympus, Tokyo, Japan) 
for all passages. They were also investigated for 
osteogenic and adipogenic differentiation properties 
for further characterization tests to verify their 
mesenchymal potential. RT-PCR technique was 
applied to assess the presence of mesenchymal 
markers such as CD73 and CD90 and hematopoietic 
markers of CD34 and CD45. 

For osteogenic differentiation potential, AdSCs 
were put in 6-well plates to reach 80% confluence. 
The culture medium was altered to osteogenic 
medium containing complete culture medium 
supplemented with 15% FBS, 50 µM ascorbic acid 
(Merck, Germany), 100 nM dexamethasone (Sigma-
Aldrich, USA), and 10 mM glycerol 3-phosohate 
(Merck, Germany) for 21 days, while media change 
occurred every 3 days. After 3 weeks, the cells were 
subjected to 10% formalin for 20 min, and, following 
three washes with deionized water, they were stained 
with 1.4% Alizarin Red solution (solved in deionized 
water at pH of 4.1, Sigma-Aldrich, USA). The 
differentiated cells appeared in red color denoting 
to calcium deposit and calcification in differentiation 
process.

For adipogenic induction potential, the AdSCs 
were transferred in 6-well plates with complete 
culture medium and after 80% confluence, media 
changed was replaced with adipogenic medium 
consisted of complete culture media supplemented 
with 15% FBS, 100 µM ascorbic acid, 100 nM 
dexamethasone, and 200 µM indomethacin (Sigma-
Aldrich, USA) for 21 days. The cells were further 
fixed using 10% formalin for 20 min and after 3 
washes with deionized water, they were stained with 
0.5% Oil Red-O (Sigma-Aldrich, USA) solved in 
2-propanol solution (Merck, Germany) for 2 h. The 
differentiated cells appeared in red color revealing 
presence of oil droplets.

The RT-PCR investigated the gene expression of 
208 bp cluster of differentiation (CD) 73 (forward 
primer of TGCATCGATATGGCCAGTCC 
and reverse primer of AATCCATCCCCACC 
GTTGAC) and 177 bp CD90 (forward primer of 
GACCCAGGACGGAGCT ATTG and reverse 
primer of TCATGCTGGATGGGCAAGTT) being 
mesenchymal markers; and 257 bp CD34 (forward 
primer of GCCATGTGCTCACACATCA and 
reverse primer of CAAACACTCGGGCCTAACCT) 
and 450 bp CD45 (forward primer of CCAAGA 
GTGGCTCAGAAGGG and reverse primer 
of CTGGGCTCATGGGACCATTT) being 
hematopoietic markers. RNA extraction kit (Cinna 
Gen Inc., Tehran, Iran) assessed the total RNA 
based on the manufacturer’s protocol. The first-
strand cDNA was synthesized by Revert Aid™ first 
strand cDNA synthesis kit (Thermo Fisher Scientific, 
Waltham, USA). The PCR thermal cycler (Veriti 
Thermal Cycler, Thermo Fisher Scientific, Waltham, 
USA) determined all PCR runs as: 1 cycle at 94 °C for 
3 min, 35 cycles at 94◦C for 30 s, 60◦C for 30 s, and 
72◦C for 30 s; and 1 cycle at 72 °C for 10 min. In the 
last step, electrophoresis visualized the bands using 
DNA safe stain in 1.5% agarose gel medium and gel 
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documentation system (UVtec, Cambridge, UK).
To assess liver function, the whole blood of 

sacrificed rats was provided and kept at room 
temperature for 2 h and centrifuged at 4000 rpm for 
10 min to get serum. The obtained sera were assayed 
for biochemical biomarkers of total proteins, albumin 
and direct and total bilirubin. They were assessed 
according to the manufacturer’s instructions, using 
commercially available kits (Abcam, Tokyo, Japan). 
All biochemical variables were evaluated using tail 
venous blood samples. Similar instrument was 
utilized for the measurement of all indicators (20).

The normality of serum data distribution was 
confirmed using the Kolmogorov-Smirnov test. And 
after that, Tukey test was used for comparing the 
differences between the mean values of the control, 
sham and experimental groups. Additionally, One-
way analysis of variances in SPSS statistical package 
for Windows (version 11.5, Chicago, IL, USA) was 
used in this study for comparing the differences 
between the mean values of the control, sham and 
experimental groups. P<0.05 was considered as a 
significant level.

Results
Regarding morphological characterization, the 
AdSCs were adhered to culture flasks and displayed 
a fibroblast-like spindle-shaped morphology 
in all passages (Figure 1A). For osteogenic 
differentiation potential, cells in osteogenic 
medium revealed calcium deposits displayed in red 
color by Alizarin Red staining after three weeks 

(Figure 1B). Considering adipogenic differentiation 
property, cells stained by Oil Red-O also denoted 
to intracellular lipid droplets in red color (Figure 
1C). In RT-PCR, the cells were positive for gene 
expression of mesenchymal markers (CD73 
and CD90) and negative for gene expression of 
hematopoietic markers (CD34 and CD45, Figure 
1D).

Regarding liver function test (LFT) to assess total 
protein level, Table 1 demonstrates that in 3rd group 
(sham group) receiving CCl4, a significant decrease 
in total protein level happened in comparison to the 
control groups (p=0.0001). In group 5 (experimental 
group 2) after 8 weeks of cell transplantation, an 
increase in total protein level was noticed and the 
difference was significant with sham group (p=0.01). 
In group 4 (experimental group 1) after 3 weeks of 
cell therapy, no significant difference was visible 
when compared to sham group (p>0.05). There was 
a significant difference for total protein level between 
group 4 (experimental group 1) and control groups 
(p=0.05, p=0.05, respectively). These findings reveal 
the healing impact of AdSCs in treatment and repair 
of hepatic injuries. 

As Table 2 presents, a significant decrease in 
albumin level occurred in sham group receiving 
CCl4 (group 3), when compared to control groups 
(p=0.05). In group 5 (experimental group 2) after 8 
weeks of stem cell therapy, a significant increase in 
albumin level was seen in comparison to sham group 
(p=0.05); but this difference was not significant when 
group 5 was compared with control groups (p>0.05).  

Figure 1: Characterization of rat adipose tissue stem cells. (A): Spindle shape cell morphology at 3rd passage, (B): 
Osteogenic induction in red color, (C): Adipogenic induction in red color, (D): RT PCR revealing presence of mesenchymal 
(MSC) markers (CD73 and CD90) and absence of hematopoietic (HSC) markers (CD34 and CD45).
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In group 4 (experimental group 1) and 3 weeks 
following cell transplantation, the increase in 
albumin level was not significant when compared 
to sham and control groups (p>0.05). It seems that 
AdSCs had therapeutic and healing effects on liver 
tissue damages.

Table 3 depicts a significant increase in total 
bilirubin level in the sham group received CCl4 
(group 3) when compared to the control groups 
(p=0.05, p=0.01, respectively). No significant change 
was observed in group 4 (experimental group 1) three 
weeks after transplantation of AdSCs in comparison 
to control and sham groups (p>0.05). In group 5 
(experimental group 2) eight weeks followed by 
injection of AdSCs, a significant decrease in total 
bilirubin level was observed when compared to 
sham group (p=0.05); but the difference with control 

groups was not significant (p>0.05). These results 
indicate the healing effect of AdSCs in liver injuries. 

As Table 4 displays, there was a significant increase 
in mean concentration of direct bilirubin in the sham 
group receiving CCl4 (group 3) in comparison to the 
control groups (p=0.0001, p=0.0001, respectively). 
In groups 4 and 5 (experimental groups 1 and 2) three 
and eight weeks after transplantation of stem cells, 
a significant decrease in direct bilirubin level was 
observed when compared to sham group (p=0.0001); 
while no significant difference was seen between 
experimental groups 1 and 2 with control groups 
(p>0.05). Therefore, amelioration of hepatic injuries 
has happened following cell transplantation.

Discussion
Most types of chronic liver diseases can cause 

Table 1: Comparison of mean total protein level between all groups.
Group Total protein (g/dL) 

Mean±SD
Significance (2-tailed)

Group 1 Group 2 Group 3 Group 4 Group 5
1 172.75±5.54 - 0.968 0.0001 0.05 0.931
2 161.84±11.57 0.968 - 0.0001 0.023 0.906
3 252.66±17.09 0.0001 0.0001 - 0. 521 0.005
4 203.75±19.70 0.05 0.023 0. 521 - 0.255
5 177.50±6.29 0.931 0.906 0.005 0.255 -

Table 2: Comparison of the mean albumin level among the groups.
Group Albumin level (g/dL)

Mean±SD
Significance (2-tailed)

Group 1 Group 2 Group 3 Group 4 Group 5
1 3.38±0.27 - 0.999 0.018 0.259 0.999
2 3.73±0.20 0.999 - 0.013 0.275 0.996
3 2.43±0.38 0.018 0.013 - 0.785 0.015
4 2.92±0.17 0.259 0.075 0. 785 - 0.223
5 3.87±0.41 0.999 0.996 0.015 0.223 -

Table 3: Comparison of the mean total bilirubin level among the groups.
Group Total bilirubin (mg/dL) 

Mean±SD
Significance (2-tailed)

Group 1 Group 2 Group 3 Group 4 Group 5
1 0.33±0.04 - 0.999 0.013 0.622 0.999
2 0.34±0.02 0.999 - 0.009 0.698 0.999
3 0.50±0.03 0.013 0.009 - 0.313 0.013
4 0.40±0.04 0.622 0.698 0. 313 - 0.622
5 0.32±0.03 0.999 0.999 0.013 0.622 -

Table 4: Comparison of the mean direct bilirubin level between groups.
Group Direct bilirubin (µmol/L) 

Mean±SD
Significance (2-tailed)

Group 1 Group 2 Group 3 Group 4 Group 5
1 0.16±0.01 - 0.976 0.0001 0.981 0.999
2 0.14±0.01 0.976 - 0.0001 0.751 0.976
3 0.45±0.05 0.0001 0.0001 - 0.0001 0.0001
4 0.18±0.02 0.981 0.751 0.0001 - 0.981
5 0.16±0.02 0.999 0.976 0.0001 0.981 -
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liver fibrosis and lead to liver cirrhosis. Liver 
transplantation is the only treatment available for 
liver cirrhosis; so alternative therapeutic strategies 
are necessary to be undertaken due to limitations in 
access to liver tissue for transplantation (2). Recently, 
promising results from preclinical and clinical 
studies demonstrated that mesenchymal stem cells 
would be a therapeutic option for liver fibrosis and 
cirrhosis (21). It is suggested that mesenchymal 
stem cells can eliminate the progression of fibrosis 
due to differentiation potential and their immune-
modulatory properties (22).

Additionally, these cells were mentioned to be 
safe and their extraction is a non-invasive method 
and they can be utilized in treatment of acute, 
chronic and metabolic liver diseases (21, 22). Various 
mesenchymal stem cells have been proposed in liver 
diseases including bone marrow (21-23), umbilical 
cord (24), menstrual blood (25), dental pulp (26), 
liver (27), and adipose tissue (28). It was shown that 
adipose tissue stem cells are similar to mesenchymal 
stem cells isolated from bone marrow in terms of 
morphology and expression of surface markers, but 
they were reported to have a higher potential for 
passage and proliferation than bone marrow derived 
stem cells (23). 

As they can have hepatogenic potential (27), the 
present study was carried out in rats experimentally 
induced with liver injury by carbon tetrachloride 
(CCl4) to determine the therapeutic effect of adipose 
tissue stem cells in improvement of hepatic injury, 
while our findings have revealed the ameliorating 
effect of adipose tissue stem cells and were effective 
in treatment of experimental liver injury induced 
in rat model. Mesenchymal stem cells were shown 
to decrease hepatic fibrosis and stimulate liver 
regeneration and to have immunomodulatory and 
anti-inflammatory functions that may reduce hepatic 
inflammation, improve liver function, and decrease 
infection incidences. 

Injection of mesenchymal stem cells can 
improve biochemical tests and lead to a survival 
benefit in hepatic injuries. Mesenchymal stem cells 
can also perform various functions, including the 
downregulation of proinflammatory responses (29). 
Li et al. have demonstrated that after transplantation 
of bone marrow stem cells, the liver synthesis 
(prothrombin time, albumin and ascites) and 
secretion functions (total bilirubin) were significantly 
improved compared with those of the control group 
(30). Luo et al. by using umbilical cord stem cells in 
liver cirrhosis illustrated that the inflammation and 
fibrosis scores were lower in the group receiving 
stem cells and showed a largely improved liver 
cirrhosis degree and lower Child-Pugh scores (24). 

Gharbia et al. have shown that stem cell 
therapy with AdSCs could attenuate inflammation 
and microvesicular steatosis, reduce collagen 
deposits, and repair liver fibrosis (31). It seems that 
mesenchymal stem cells suppress hepatic fibrosis 
by downregulating the lnc-BIHAA1/rno-miR-667-
5p signaling pathway (32). These findings are in 
agreement with our study results too. Sabry and her 
colleagues evaluated the effect of mesenchymal stem 
cells in treatment of experimental CCL4 induced 
liver fibrosis in rats and suggested mesenchymal 
stem cells to have anti-inflammatory, anti-fibrotic, 
and pro-angiogenic properties that can promote the 
resolution of CCL4 induced liver fibrosis (33). 

Khajehahmadi et al. and Mehrabani et al. 
demonstrated that transplantation of bone marrow 
stem cells can significantly lead to the regeneration 
of hepatic injuries and to be considered as a 
therapy of choice in recovery of liver fibrosis (21, 
22). Zhao et al. assessed 23 reports of studies 
comparing mesenchymal stem cell-based therapy 
to conventional treatment in liver fibrosis and 
reported mesenchymal stem cell-based therapy to 
be safe, and to improve liver function during the 
first 6 months after administration (34). Suk et al. 
conducted a phase II study for treating alcoholic liver 
cirrhosis using bone marrow stem cells. Six months 
after cell administration, there were 25% (one-
time cell administration) and 37% (two-time cell 
administrations) reductions in the fibrosis zones (35). 

Nomura et al. in surgical implantation of human 
adipose derived stem cells in rats experimentally 
induced hepatic fibrosis showed a significant increase 
in serum albumin and total protein levels (28). 
Abdelbaset-Ismail et al. showed that transplantation 
of adipose tissue stem cells ameliorated hepatic 
injury in rats. They reported migration of stem 
cells to the injured liver. The adverse effects were 
significantly recovered after engraftment with stem 
cells evidenced by enhanced survival and body 
weight, improved liver function tests (36). These 
findings are in agreement with our study results.

Conclusion
The present study illustrated that AdSCs improved 
liver function and acted as a promoting factor for 
liver regeneration and be helpful for ameliorating 
hepatic toxicity and injuries. These findings 
can be beneficial for mesenchymal-based cell 
therapy applications and can open a new era for 
researchers trying to improve mesenchymal stem 
cell therapeutic outcomes.
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