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Introduction: Mesenchymal stem cells (MSCs) are suitable candidates for the treatment of 
liver diseases. However, their low survival rate limits their efficacy following transplantation. 
This study aimed to evaluate the therapeutic potentials of H2O2-preconditioned umbilical cord-
derived MSCs (UCMSCs) on acute liver failure (ALF) in mice.

Methods: UCMSCs were pre-conditioned with different concentrations of H2O2. Cell viability 
was evaluated by WST-1 (water soluble tetrazolium) assay followed by exposure to lethal doses 
of H2O2. ALF was induced in NMRI mice using CCl4 and the cells therapy was performed 
using H2O2-preconditioned and normal UCMSCs. After 24, 48, and 72 hours, regenerative 
potentials of different UCMSCs groups were evaluated compared to sham group (that receive 
no MSCs) using biochemical and histological methods. 

Results: Lower liver enzymes was significantly evident in mice transplanted with H2O2-
preconditioned UCMSCs compared with the other groups. Interestingly, histological results 
revealed a significant improvement in liver regeneration in these mice.

Conclusion: Preconditioning of UCMSCs with H2O2 not only enhances their survival but also 
increases the efficacy of MSCs-based cell therapy in acute liver failure.
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mal Stem Cells Ameliorate Liver Regeneration in Acute Liver Failure-Induced Mice. Anatomical Sciences. 2017; 14(1):43-50.
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1. Introduction

iver has a vital role as a central organ in me-
tabolism, detoxification, and immunity [1]. 
It also has appropriate self-renewal ability 
through different cell sources namely ma-
ture hepatocytes, intrahepatic stem cells, 

and extra stem cells [2-4]. Despite these regeneration abili-
ties, these reconstruction processes cannot function in case 
of serious damage. Liver diseases are generally divided 
into two categories: acute and chronic diseases. Infections, 
drugs, toxins, and chemicals are the main causes of the 
Acute Liver Failure (ALF) in which impairment of liver 
function results in severe damage and necrosis [5]. This 
irreversible necrosis might be complicated with hepatic 
encephalopathy, low consciousness, coma, and death [6, 
7]. Acute liver failure have high mortality rate despite the 
extensive treatment of afflicted individuals [8, 9]. 

Liver transplantation, as the main treatment of liver dis-
eases, has been hampered due to the low number of organ 
donors, side effects of the immunosuppressive drug on re-
cipients, and complications related to operation [10, 11]. 
Therefore, the cell-based therapeutic approaches have been 
proposed as an alternative to organ transplantation [12-14]. 
Different tissue-derived Mesenchymal Stem Cells (MSCs) 
are used extensively in cell therapy [15]. However, the ma-
jority of transplanted MSCs die a couple of days after the 
transplantation due to unfavorable environmental condi-
tions, including lack of oxygen and the presence of radical 
oxygen species [16-18]. In this regard, several studies have 
been conducted to address the low efficiency of MSCs for 
cell therapy purposes [19]. In this study, we generated an 
approved experimental model of acute liver failure in Naval 
Medical Research Institute (NMRI) mice using a well-known 
hepatotoxin, i.e. carbon tetrachloride (CCl4). Then, the H2O2-
preconditioned umbilical cord-derived MSCs (UCMSCs) 
were transplanted into the mice to evaluate their regenerative 
effects on acute liver disease.

2. Materials and Methods 

MSC preparation 

Umbilical cord-derived mesenchymal stem cells (UC-
MSCs) were isolated and expanded with approved ethical 
process and informed consent as described previously [20]. 

UCMSC H2O2-preconditioning 

UCMSCs were cultured in 96-well plates, containing 
DMEM low glucose medium (Sigma, USA) supple-
mented with 10% FBS (Invitrogen, USA), 1% penicillin, 

and 1% streptomycin (CinnaGen, Iran) and then incu-
bated for 24 hours at 37°C. Next, the cells were treated 
with 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, and 100 µM of 
H2O2 (Sigma, USA) for 12 hours. Preconditioned-cells 
were recovered for 7 hours and eventually subjected to 
24 hours treatment with lethal H2O2 doses (500 µM and 
1 mM) [21].

WST-1 assay

After H2O2-preconditioning of UCMSCs, the cellu-
lar survival rate was evaluated utilizing water soluble 
tetrazolium (WST-1). About 10 µL of WST-1 solution 
(Roche, Germany) was added to 90 µL of the culture 
medium in each well, and the plate was incubated for 4 
hours at 37°C and 5% CO2 in darkness. The absorbance 
of the samples was measured with an ELISA reader, and 
the results were interpreted in comparison to control. 

Acute liver failure experimental model

8-week-old male NMRI mice (25±2g) were prepared 
from Iran University of Medical Sciences and kept in 
standard condition in term of light, food, and water ac-
cessibilities. Animal experiments were conducted in 
accordance with the Institutional Animal Care and Use 
Committee of the Iran University of Medical Sciences. 
All protocols were conducted in accordance with the 
Ethics Committee of Iranian Blood Transfusion Orga-
nization (IBTO). The carbon tetrachloride (CCl4, Mer-
ck, Germany) dissolved in olive oil was injected into 
the mice intraperitoneally (IP) to induce ALF. After 24 
hours, induction of ALF was confirmed by biochemical 
and histological techniques [22].

Cell therapy

H2O2-preconditioned UCMSCs, normal UCMSCs, and 
Phosphate-Buffered Saline (PBS) were injected into the 
ALF-induced mice intravenously (IV) via the tail vein. 
The subjected cell therapy groups and their number were 
described in Table 1. After 24, 48, and 72 hours, the al-
teration in the liver enzymes and tissue necrosis were 
analyzed using biochemical and histological techniques 
to evaluate the liver regeneration in ALF-induced mice. 

Biochemical analysis

The blood samples were collected 24, 48, and 72 hours 
after MSCs transplantation to measure aspartate amino-
transferase (AST) and alanine aminotransferase (ALT), 
as important indicators of liver damage. AST and ALT 
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serum levels were assayed using an automatic analyzer 
(BT 3000 PL/S, Italy).

Histological analysis

The liver samples were collected 24, 48, and 72 
hours after MSCs transplantation, and fixed in 10% 
formalin (Merck, Germany). Liver tissue samples 
were processed according to the routine process, and 
4- to 6-micron-thick sections were prepared from them 
after paraffin molding. These slides were stained with 
hematoxylin and eosin (H & E stain). The slides were 
then subjected to microscope observation to assess the 
extent of necrosis.

Statistical analysis 

Quantitative data were analyzed using SPSS 19 and 
1-way ANOVA test. Significant differences were deter-
mined when P value was less than 0.05.

3. Results 

H2O2-preconditioned UCMSCs show high sur-
vival rate

In order to assess the survival of H2O2-preconditioned 
UCMSCs, WST-1 assay was performed. As shown in 
Figure 1, the survival of 20-25 µM H2O2-preconditioned 
UCMSCs was more than those preconditioned with 
other doses of H2O2. In other words, the percentage of 
viable cells significantly increased upon preconditioning 
with 25 µM H2O2 (Figure 1). Thus, it was selected as 
optimized H2O2 preconditioning dose.

CCl4 induces ALF in mice model 

Different CCl4 doses were injected into mice to induce 
ALF. Biochemical and histological assays revealed that 
the 1.5 mg/mL of CCl4 successfully induced ALF and 
provided opportunity to conduct more studies on regen-
erative potentialities of different UCMSCs as described 
previously (manuscript submitted). 

H2O2-preconditioned UCMSCs decrease the level 
of liver enzymes more efficiently

Therapeutic effect of different UCMSC groups was 
evaluated with the measurement of the liver enzymes in 
serum 24, 48, and 72 hours after transplantation. The re-
sults showed that the descending trend in AST and ALT 
levels was significantly different between transplanted 
groups. About 24 hours after transplantation, ALF-in-
duced mice transplanted with H2O2-preconditioned UC-
MSCs (ALF-MSCs-Pre) showed a significant difference 
compared to the sham group that was injected with PBS 
(no cell therapy) (P<0.001) (Figure 2A). But the reduc-
tion in the mentioned enzymes in ALF-induced mice 
transplanted with normal UCMSCs (ALF-MSCs) was 
less than ALF-MSCs-Pre (P<0.01) (Figure 2A). 

As shown in Figure 2B, AST and ALT levels of ALF-
MSCs-Pre was lower than those of other groups 48 
hours after cell injection, and it had significant difference 
with sham group (P<0.001). Transplantation of the nor-
mal UCMSCs led to less reduction in liver enzymes and 
showed less difference with sham (P<0.05) (Figure 2B). 
About 72 hours after cell therapy, both AST and ALT 
levels in ALF-MSCs-Pre were different from their value 
in sham group (P<0.001). The level of these enzymes 
decreased in this group, and was approximately the same 
as their normal basic level. However, there was no signif-
icant difference between AST level of ALF-MSCs and 
that of the sham. These liver enzymes were higher than 
ALF-MSCs-Pre compared to ALF-MSCs 72 hours post-
cell therapy (Figure 2C).

Liver necrosis repair occurs more quickly in ALF-in-
duced mice after transplantation of H2O2-preconditioned 
UCMSCs. For further studies, the H&E-stained liver sec-
tions were assayed during interval times (24, 48, and 72 
h) after cell therapy. Histological assessment of the liver 
sections indicated that the extent of damage in the MSC-
transplanted groups decreased compared to sham group 
at different time points after MSCs injection (Figures 3, 
4). As shown in Figure 3, about 24 hours after transplan-
tation, the extent of necrosis was less in H2O2-precon-

Table 1: Description of different mice groups and their related abbreviation.

Normal (n=10) Normal Mice Injected With Normal UCMSCs

 Sham (n=10) ALF-induced mice injected with PBS (no cell therapy)

ALF-MSCs (n=10) ALF-induced mice transplanted with normal UCMSCs

ALF-MSCs-Pre (n=10) ALF-induced mice transplanted with H2O2-preconditioned UCMSCs
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ditioned UCMSCs transplanted mice (ALF-MSCs-Pre) 
than that in ALF-MSC groups which were injected with 
normal UCMSCs without any preconditioning (no intra-
lobular necrotic bridges in ALF-MSCs-Pre). 

About 48 hours post-transplantation of H2O2-precon-
ditioned UCMSCs, the increasing number of inflam-
matory cells revealed quick liver restoration in ALF-
MSCs-Pre and inhibition of necrosis in comparison to 
ALF-MSCs that showed some scattered necrotic zones 
(intra-lobular necrotic bridges) (Figure 3). There was no 
necrosis along with decreased inflammation reaction in 
ALF-MSCs-Pre groups 72 hours post-transplantation. 
While the liver sections of ALF-MSCs indicated mild 
necrosis with increased inflammation reactions and par-
tial delayed regeneration (Figure 3).

In contrast, there were more intra-lobular necrotic 
bridges in liver sections of sham group that did not re-
ceive any MSCs and injected with PBS only 24 and 48 
h after PBS injections (Figure 4). Persistent necrosis 
and intra-lobular necrotic bridges were observed in this 
group even after 72 hours (Figure 4). All together, the 
histological assessment of liver sections indicate that 
cell therapy with UCMSCs contributes to control of 
the necrosis progress and liver restoration in compari-
son with the sham group, but this liver restoration was 
clearly detectable in ALF-MSCs-Pre after 24 hours and 
continued within 72 hours post-transplantation.

Figure 1. The viability of the preconditioned UCMSCs with 
various doses of H2O2 using WST-1. Survival of 25 µM H2O2-
preconditioned UCMSCs was more than those precondi-
tioned with other H2O2 doses. The data are expressed as the 
mean±SEM of three independent experiments; P<0.05 (*), 
P<0.01 (**), and P<0.001(***) were found to be significant.

Figure 2. Biochemical assessment of AST and ALT in different mice groups 24, 48, and 72 hours post-transplantation. 
(A): 24 h after transplantation, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were significantly lower 
in ALF-induced mice that were transplanted with H2O2-preconditioned- UCMSCs (ALF-MSCs-Pre) and ALF-induced mice 
transplanted with normal UCMSCs (ALF-MSCs) than the sham group injected with PBS (no cell therapy); (B): AST and ALT 
levels of ALF-MSCs-Pre were lower than those of other groups 48 hours after transplantation; (C): 72 hours after cell therapy, 
the AST and ALT reduced in ALF-MSCs-Pre group, and it was closer to normal level (P<0.05, P<0.01, and P<0.001).
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4. Discussion

Acute liver failure is a clinical syndrome in which se-
vere impairment of liver function suddenly occurs with 
a rapid progression as a result of acute hepatic necrosis 
[23]. In this regard, MSCs are employed in cell therapy 
and regenerative medicine [24-26].

In this study, H2O2-preconditioning of UCMSCs in-
creased their viability. Employment of preconditioning 
enhances MSCs survival or potentiality excludes the risk 
and concerns associated with genetic manipulation [19]. 
Moreover, UCMSCs are more primitive immunosup-
pressive stem cells with high proliferative rate that could 
be harnessed in cell therapy [27]. Tang et al. (2005) pre-

Figure 3. Histological assessment of liver sections in ALF-MSC-Pre and ALF-MSC groups 24, 48, and 72 hours after transplan-
tation. Liver sections were stained with hematoxylin and eosin stain (H & E). After 24 hours of transplantation, mild necrosis 
without extensive intra-lobular necrotic bridges was observed in ALF-MSCs-Pre, but some intra-lobular necrotic bridges (bold 
arrows) were detectable in ALF-MSCs. After 48 hours, a number of inflammatory cells (narrow arrow) were observed due to 
liver regeneration in ALF-MSCs-Pre but intra-lobular necrotic bridges persisted in ALF-MSCs. There was no necrosis along 
with decreased inflammation in ALF-MSCs-Pre groups 72 hours post-transplantation. However, mild necrosis with increased 
inflammation and delayed regeneration were observed in ALF-MSCs. The liver restoration progress in ALF-MSCs-Pre was 
faster than that in ALF-MSCs (H & E stain, 100x, Scale bar 500µm).

Figure 4. Histological assessment of liver sections in sham group 24, 48, and 72 h after transplantation. About 24 and 48 hours 
after PBS injection, more intra-lobular necrotic bridges (bold arrows) were observed in sham that did not receive any MSCs 
compared with cell therapy groups. Persistent necrosis in this group was considerable even after 72 hours.
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conditioned PC12 cell line with optimum concentration 
of H2O2 and demonstrated its protective effect against 
oxidative stress due to reducing cell apoptosis with 
mechanisms such as up regulation of B cell lymphoma 2 
(Bcl-2) [28]. Consistent with our results, Li et al. (2009) 
showed that preconditioning of MSCs with H2O2 would 
lead to the expression of cytokine receptor (CXCR4) 
and increased cell survival [29]. 

To induce ALF in mice, a well-known hepatotoxin i.e. 
CCl4 was used. The results showed that injection of CCl4 
would cause extensive necrosis as well as increased se-
rum AST and ALT activity in mice (Manuscript submit-
ted). Most of the toxic effects of CCl4 are mediated by its 
metabolite i.e. 3- chloromethyl radicals [30] resulting in 
damage to lipids, nucleic acids, and other cell constitu-
ents, and induction of necrosis in the liver parenchymal 
cells. This damage finally leads to the release of liver 
enzymes (AST and ALT) into blood [31]. 

After injection of H2O2-preconditioned UCMSCs to 
ALF-induced mice, apparently hepatic necrosis slowed. 
We observed recovery process at a higher level and re-
duction of AST and LT was faster compared to control 
groups. Enhanced survival of H2O2-preconditioned UC-
MSCs might affect their therapeutic and paracrine po-
tentials and increased their liver regeneration capacities 
due to increased secretion of growth factors and cyto-
kines [13, 32]. 

Rabani et al. reported that MSCs could control and 
repair the fibrosis induced by CCl4 in mice [33]. Stoke 
study indicates the role of human bone marrow MSCs in 
the improvement of liver regeneration through inhibit-
ing the damage progression in mice models [34]. They 
induced ALF in mice using acetaminophen that might 
be a nonspecific hepatotoxin. Another study showed 
that adipose tissue MSCs could improve the survival of 
acute liver injury-induced mice model [35]. In addition, 
Grutadurya reported that the extent of hepatic damage 
decreased in rat models of acute liver injury followed 
by autologous transplantation of bone marrow MSCs 
[36]. Different tissue-derive MSCs exhibit variable po-
tentialities despite their common characteristics. In the 
mentioned studies, MSCs were isolated from bone mar-
row and adipose tissues that might be associated with 
invasive sampling methods. Moreover, different experi-
mental models and methodology were performed.

In summary, this study was conducted to evaluate the 
preconditioned UCMSCs potentialities for the treatment 
of ALF in experimental models. H2O2-preconditioned 
UCMSCs restored liver tissue in a short time of period. 

H2O2-preconditioning of MSCs might be a practical 
strategy to increase the survival and potential of MSCs 
for the treatment of acute liver injury. It seems to im-
prove MSC-based cell therapy in term of the quality and 
efficiency in the future.
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