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Abstract  

Background:  Liver cirrhosis is a common serious disease  
in Egypt due to high incidence rate of infectious liver diseases;  

hepatitis. Application of Hematopoietic Stem Cells (HSCs)  
may provide a hope for patients with liver cirrhosis as it is  
not only safe but also to avoid hazardous complications and  
immunosuppressive drug following liver transplantation.  

Aim of Study:  Evaluation of the effects of CD34+  hemat-
opoietic stem cells in regeneration of hepatic tissue as a new  
therapy for cirrhotic liver.  

Material and Methods:  Forty five male albino rats were  
divided into four groups: Control group: Include 18 rats  
injected with olive oil subcutaneously, (carbon tetrachloride  
treated group): 9 rats received carbon tetrachloride subcuta-
neously, (carbon tetrachloride/hematopiotic stem cells treated  
group): 9 rats injected with hematopiotic stem cells after  
induction of liver cirrhosis by carbon tetrachloride and (carbon  
tetrachloride/fibroblast treated group): 9 rats injected with  
fibroblast cells after carbon tetrachloride induced liver cirrho-
sis. For histological and biochemical study of liver and blood  

samples were taken from all rats.  

Results: Rats of carbon tetrachloride treated group &  
carbon tetrachloride/fibroblast treated group indicated  
significant changes in liver histological structures accompanied  
with significant decline of liver function tests. Injection of  
HSC showed marked improvement in both histological picture  
and biochemical profile.  

Conclusion: This study indicates the effectiveness of  
human CD34+  hematopoietic stem cells in amelioration of  
CCl4 induced liver cirrhosis in rats. So, treatment with he-
matopoietic stem cells therapy can be considered a new hope  
for cirrhotic patients, especially in Egypt.  
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Introduction  

THE  liver is the largest glandular tissue of the  
human body. The liver has essential and multiple  

functions like metabolic conversion of hazardous  
toxic substances, storage of carbohydrates, lipids  
and amino acids [1] .  

Cirrhosis represents the end progressive hepatic  
fibrosis and it is characterized by loss of the classic  
hepatic architecture with subsequent formation of  
newly regenerative nodules. Cirrhosis produces a  
series of complicating diseases like portal, gas-
trointestinal bleeding and hepatic encephalopathy  
[2] .  

In patients with late stage of cirrhosis or hepatic  
carcinoma, liver transplantation is considered only  
effective treatment but, unfortunately it has many  
problem as high costs, unavailable donors, operative  
damage and post transplantation immune rejection.  
In addition, transplanting liver in the long run  
produces many complications like chronic renal  
and cardiovascular failure and lympho-proliferative  
disorders [3,4] , so; there is great need for alternative  
therapies. Ogawa and Miyagawa [5]  demonstrated  
that there are two types of stem cells: Adult and  
embryonic stem cell.  

In adult stem cell research Hematopoitic Stem  

Cells (HSC) are preferred than embryonic not only  
because of their capability of extensive proliferation  

and differentiation into several cell types but also  
they have less immunocompatibility problems and  
less tendency of tumors formation in the recipient  
[6-9] .  

Sato et al., [10]  detected the capability of dif-
ferentiation of stem cells to hepatocytes after their  
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inoculation into damaged rat's liver from chronic  

alcohol treatment. Carbon tetra chloride CCl4 is  

widely used material for induction of liver injury.  
Only one dose of CCl4 produces steatosis and  
centizonal necrosis while sustained administration  
induces hepatic cirrhosis with subsequent carcino-
ma [11,12] . So the present work aimed at detecting  

the possible therapeutic role of injected hematopoi-
etic stem cells on damaged liver tissue induced by  
CCl4 in male adult albino rats.  

Material and Methods  

Animals and ethics:  

This study was carried on forty five adult male  

albino rats. The weight of the rats ranged from  

160-210gm. They were bred in a light-controlled  
12-h day light: 12-h dark and in a temperature-
controlled room. They were permitted to unlimited  

access to food and water. The study was performed  

in Animal House in the Faculty of Medicine, Zag-
azig University during 2018. All guidelines of the  

experimental animal procedures were followed the  

Institutional Animal Care and Use Committee.  

CCl4-induction of liver cirrhosis in rats:  
Establishment of the liver-cirrhotic rat model,  

was by dissolving of 0.5ml/kg Bwt of CCl4 in the  
same volume of olive oil. The dose was injected  
subcutaneous into rats twice a week for 6 weeks.  

CCl4 was purchased from Sigma, St Louis, USA.  
The state of liver damage and cirrhosis was con-
firmed by blood biochemical investigations and  

also histological examination of the liver samples  
[13] .  

Experimental design:  

Forty five adult male albino rats were allocated  

into four groups: Control group: Including 18  
which was subdivided into two subgroup; control  

negative included 9 rats which were received noth-
ing and control positive included 9 rats which were  
injected 0.5ml/kg olive oil subcutaneously twice  

a week for 6 weeks. CCl4 group (cirrhotic group):  

Including 9 rats injected with CCl4 subcutaneously  
twice per weeks for 6 weeks. After 6 weeks 3 rats  

were sacrificed to confirm that liver cirrhosis had  

occurred. CCl4/HSCs treated group: Including 9  

rats that were injected with CCl4 in the same  

manner like cirrhotic group then after 6 weeks,  

they were injected intrapertoineal with dose of 107  

CD34+  cells/rat [14] . The rats will be leaved for 3  
weeks after HSC injection [14] . Group IV (CCl4- 
fibroblast treated group): Including 9 animals  

received carbon tetrachloride (CCl4) as cirrhotic  

group to induce cirrhosis plus injection of fibroblast.  
All the animals of the different groups were  
sacrificed after 9 weeks.  

Blood and tissue sampling:  
Three weeks after HSC or fibroblast injection,  

blood samples were collected from retro-orbital  

plexus from all groups for biochemical analysis  

then all rats were sacrificed. Abdominal incision  

was performed and the liver was immediately  
excised. For both histological and immune-
histochemistry assessment.  

Histological study:  
Liver was carefully dissected, immersed in 10%  

formalin solution, processed for preparation of  

5µm thickness paraffin sections then stained with  

Haematoxylin and Eosin stain (H & E), Masson's  
trichrome for detection of collagen fibers, Periodic  

Acid Schiff reaction (PAS) for detection of glyco-
gen granules [15] .  

Immunohistochemical analysis:  
Immunohistochemical staining by the use of  

antigen retrieval technique for detection of alpha  
smooth muscle actin (α -SMA) and CD34+  cells.  
The primary antibodies used were a monoclonal  
anti-CD34+  and monoclonal immunoglobulin (IgG)  
anti α -SMA antibody (Sigma Biochemical, Mis-
souri, USA) [16] .  

Biochemical analysis:  
Liver function assessment:  

Serum activities of Alanine Transferase (ALT),  
Aspartate Transferase (AST), Alkaline Phosphatase  
(ALP), serum direct and total bilirubin and serum  

albumin levels were detected by using kits pur-
chased from Elitech (France). All of these param-
eters were assessed by spectrophometrically [17] .  

Reverse transcription of PCR for detection of  

hepatic genes:  
Total RNA was obtained and isolated from  

hepatocytes by using Qiagen-RNeasy Mini kit.  
Then c-DNA was obtained via reverse-transcribed  

of RNA by using a Prime script RT Reagent Kit  

(Takara, Shiga, Japan) (Table 1) [18] .  

Preparation of Hematopoietic Stem Cells  
(HSCs):  

Isolation and culture of hematopoietic stem  
cells:  

Peripheral blood total mononuclear cells were  

obtained from human blood unit from blood bank.  

PB-CD34+  cells isolated from total mononuclear  

cells. Anti-coagulated human blood was diluted  
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with PBS which contains 2mm EDTA at the ratio  
of 2:3. From this diluted sample, 35ml was taken,  
layered carefully on 1 6ml Ficoll-Paque and then  

centrifuged at 400xg rpm for 35min. The suspension  

that contain mononuclear cell was resuspended in  
a complete culture medium: Dulbecco's Modified  

Eagle's Medium (DMEM) with 2mmol/L l-
glutamine, 10% Fetal Bovine Serum (FBS) and  
1 % penicillin-amphotericin B-streptomycin solu-
tion. Then they were incubated in 5% humidified  
CO2  incubator at 37ºC. Preparation of the suspen-
sion that contained hematopoietic cell was done  

by repeated pipetting of the suspension via needles.  

The proper mixing of the suspension was made by  

vortex then centrifuged for 10min at 3000RPM.  

After the removal of the remaining particulates of  

blood, the pellet was washed with Phosphate Buffer  

Saline (PBS) then centrifuged for two times. The  

formed pellet was diluted with PBS. The collected  

interface cells which separated from the peripheral  

blood mononuclear cells were moved into another  

centrifuge tube with PBS wash to be centrifuged  

for 5min at 2000RPM that repeated for two times  

and the supernatant was removed and the resulting  
cells were ready for transplantation for treated rats  

[19].  

Characterization of HSC:  

HSC typically appear as round objects surround-
ed by bright halos detected by inverted microscope  

and by determination of CD34
+ 
 cell marker by  

immunohistochemical stained sections.  

Quantitative morphometrical study:  

Sections stained with Masson's trichrome and  
α -SMA immunehistochemical reaction were used  

for measurements of area percentage % of collagen  

fibers in Masson's trichrome sections, area percent-
age % of α -SMA immune reaction in α -SMA  
immunohistochemical section and optical density  

of α -SMA immunoreaction. The measurements  
were performed at magnification 400x by using  

Leica Q500 Image analysis computer System (Leica  
Q500).  

Statistical analysis:  

The results were mentioned as mean ±  SD. A  
one-way Analysis of Variance (ANOVA) was used  

for comparison of means from different studied  

groups followed by Least SignifiCant Difference  

(LSD) for comparison between each two groups.  

Significant differences were determined when p-
values <0.05. Highly significant were recorded  
when  p-values <0.001. All statistical analyses were  
performed by using SPSS program, Version 19  

[20].  

Table (1): Gene primer sequnces.  

Primersequence:5´-3´  

Forward:  
TTTACGAGAAGCTTGGAGAG  
Reverse:  
TGTGCAGATATCAGAGTGGA  

Forward:  
TGCGCCTGCAGAGATTCAAG  
Reverse:  
AGGTAACGCCAGGAATTGTTGCTA  

Forward:  
CACCCTGTTGCTGTAGCCATATTC  
Reverse:  
GACATCAAGAAGGTGGTGAAGCAG  

Results  

Histological and immunohistochemical results:  
Haematoxylin & Eosin stained sections: H &  

E stained liver sections of control group revealed  

classic characteristic appearance of hepatic lobules  

which consisted of cords of hepatocyte radiating  

from central vein. Portal area was present at the  

corner of lobule containing branches of portal vein,  

hepatic artery and bile duct. Hepatocytes had large  
vesicular nuclei with acidophilic cytoplasm Fig.  

(1A,B). H & E stained sections of CCl4 showed  

loss of normal hepatic architecture which replaced  

by different size and shapes cirrhotic nodules  
surrounded by fibrotic scar with bridging fibrosis  

extending between portal veins. Some areas showed  
a picture of marked hepatic fatty degeneration and  

steatosis. Several hepatocytes revealed shrunken  

nuclei with deeply acidophilic cytoplasm while  

other revealed vacuolated cytoplasm. Bile duct  
proliferation around dilated portal vein was also  

observed Fig. (1C,D).  

In contrast the CCl4-HSC the severity of mas-
sive fatty degeneration and liver cirrhosis were  

markedly decreased. The liver retained its archi-
tecture where liver cell becomes more or less  
similar to normal. However some areas still had  
distorted architecture Fig. (2A,B). The CCl4- 
fibroblast showed similar picture to CCl4 group  

as there was loss of hepatic architecture which  
replaced by cirrhotic nodules with extensive bridg-
ing fibrosis extending between portal veins. Some  

areas showed fatty degeneration. The hepatocytes  

revealed shrunken dark stained nuclei with deeply  
acidophilic cytoplasm Fig. (2C,D).  

Masson trichrome staining:  
Examination of liver sections of the control  

group exhibited few green collagen fibers surround  
central vein Fig. (3A) and in the portal area Fig.  

Target  
gene  

Gene number  
bank accession  

FQ210445.1  

NM_021578.2  

XR_598347.1  
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(3B) while CCl4 group Fig. (3C,D) showed massive  
green collagen fibers surrounding cirrhotic nodule,  

in the bridging fibrosis and around portal veins.  
Sections of rats treated with CCl4-HSC revealed  
thin green collagen fibers in portal area and around  

central vein Fig. (4A,B). While CCl4-fibroblast  

group Fig. (4C,D) showed massive green collagen  
fibers surrounding cirrhotic nodule, in the bridging  

fibrosis and around central veins.  

Periodic Acid Schiff reaction (PAS) staining:  

PAS stained sections of the control group  

showed positive PAS reaction Fig. (5A). The liver  

tissue of CCl4 Fig. (5B) or CCl4-fibroblast groups  

Fig. (5D) showed more strongly positive PAS  
reaction of hepatocyte however fatty cells showed  
no reaction and weak reaction were observed in  

the septa. The PAS stained sections of HSC treated  
group showed moderate positive reaction Fig. (3C).  

Immunohistochemical staining of αSMA protein:  
Immunohistochemical stained sections of the  

control group for α SMA protein expression re-
vealed a weak reaction for α SMA protein Fig.  
(6A). In the CCl4 Fig. (6B) or CCl4-fibroblast  
group Fig. (6D), strong positive reaction was  

detected in numerous cells that present in between  

the hepatocytes, in portal area and in fibrotic scar.  
The CCl4-HSC showed a moderate positive α -
SMA reaction in the lining of portal vein and in  
few cells that seen in between the hepatocytes  
Fig. (6).  

Characterization of HSCs by CD34 +  immuno-
reactions:  

Liver sections of HSC group expressed a CD34 + 
 

positive immune reaction in the hepatocytes around  

portal and central veins Fig. (7A,B) while liver  
section from others group (control, CCl4 treated  

group and CCl4-fibroblast treated group) showed  

negative immune reaction in the hepatocytes around  
central vein and portal vein Fig. (7C,D,E).  

Effect of HSC on liver function:  

The results of this study showed marked eleva-
tion of levels of liver enzyme, total and direct  

bilirubin with marked reduction of albumin serumin  

CCl4 and CCl4-fibroblast. ANOVA showed highly  
significant difference between studied group (p  
<0.001) (Table 2). By using least significance  
difference test, it was recorded a highly significant  
difference between CCl4 and CCl4-fibroblast  

groups when compared to the CCl4-HSC regarding  

activities of the liver serum enzymes ALT, AST,  

and ALP, level of albumin serum and total and  
direct bilirubin (p<0.001).  

Expression of albumin and TGF- β  genes:  

MRNA expression of albumin and TGF- β  in  
hepatocytes showed that the expression level of  
albumin genes in rats treated with CCl4 or CCl4- 
fibroblast was significantly lower than those of  

CCl4-HSC treated groups (p<0.05). While the  
expression of TGF-β  gene in CCl4 or CCl4- 
fibroblast groups was significantly higher than  
control and CCl4-HSC (p<0.05) (Table 3).  

Morphometric results:  

Regarding the morphometrical results of area  

% of collagen fibers, area % of α -SMA and optical  
density of immunoreaction of α SMA revealed a  
highly significant differences among the studied  
groups by using ANOVA test (p-value <0.001).  
The highest mean was recorded in the CCl4 group  

and CCl4-fibroblast then CCl4/HSC group while  

the lowest level was found in the control rats. LSD  

showed a highly statistical significant difference  

between the CCl4 or CCl4-fibroblast and control  

or CCl4-HSC groups (p-value <0.001). No  
significant difference was found between the control  
and CCl4-HSC groups for the same parameter  

(p>0.05) (Table 4) Charts (1,2).  

Table (2): Liver function assessment in the studied rat groups.  

Studied groups  ALT U/L  AST U/L  ALP U/L  
Albumin  
gm/dL  

Total bilirubin  
mg/dL  

Direct bilirubin  
mg/dL  

Control  32.1± 1.26  117.1 ±3.11  124.4± 12.2  3.6±0.2  0.73±0.04  0.35±0.42  

CCl4  78.3±3.31  268.4±68.40  335±31  2.5±0.32  2.98±0.6  1.2±0.5  

CCl4-HSC  35.2±9.14  129.2± 16.27  142.6±21.4  3.3±0.15  1.11 ±0.15  0.27±0.3  

CCl4-Fibroblast  75.8±2.35  265.6±65.31  333±29  2.2±0.31  2.7±0.6  1.1 ±0.3  

F  90.31  21.13  115.6  18.1  40.3  K=4.51  

p 
 0.04*(S)  0.00**(HS)  0.00**(HS)  0.00 **(HS)  0.00**(HS)  0.03*(s)  

Statistical significant difference *p<.05.  
**HS: Highly Significant.  
K : Krusskalwallis test F-test for ANOVA.  
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Fig. (1): (A) A photomicrograph of control liver rats shows normal arrangement of hepatic cords around Central Vein (CV), hepatocytes  

appear with rounded vesicular nuclei with acidophilic cytoplasm (curved arrow), hepatic sinusoids appear between the hepatic cords(S) with  

its lining epithelium (arrow head) and binucleated cells also appeared (arrow). (B): A photomicrograph of control liver rats shows portal vein  

(arrow) and bile duct (curved arrow) at the portal area. (C): A photomicrograph of CCl4 treated rats shows formation of Cirrhotic Nodules (CN)  

which contain hepatocytes that revealed shrunken nuclei with deeply acidophilic cytoplasm (curved arrow) and surrounded by fibrotic scar  

(arrow head) with bile duct proliferation (arrow). (D): A photomicrograph of CCl4 treated rats shows (H & E at magnification X400, Bar 50).  

Fig. (2): (A) A photomicrograph of CCl4/HSC treated rats showing nearly normal arrangement of hepatocytes around Central Vein (CV),  

the hepatocytes appear with rounded vesicular nuclei with acidophilic cytoplasm (arrow head), some hepatocyte with vacuolated cytoplasm  

also noticed (arrow) while some hepatocyte are binucleated cells (curved arrow). (B): A photomicrograph of CCl4/HSC treated rats showing  

portal area containing Portal Vein (PV) and bile duct (D). Hepatocytes appear with rounded vesicular nuclei with acidophilic cytoplasm (arrow  

head), some hepatocyte revealed vacuolated cytoplasm also seen (arrows). (C): A photomicrograph of CCl4 treated rats shows formation of  

cirrhotic nodules which contain some hepatocytes with fatty degeneration (F) and others revealed shrunken nuclei with deeply acidophilic  

cytoplasm (curved arrow) and surrounded by Bridging Fibrotic scar (BF). (D): A photomicrograph of CCl4/fibrobl ast treated rats shows thick  

walled portal vein (curved arrow) inside the fibrotic scar (arrow heads) the hepatocytes which revealed shrunken nuclei with deeply acidophilic  

cytoplasm (arrow) (H & E at magnification X400, Bar 50).  
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Fig. (3):  (A) A photomicrograph of control liver rats shows few amount of collagen fibers (arrow) around (CV). (B):  A photomicrograph  
of control liver rats shows few amount of collagen fibers around portal vein (arrow). (C,D): A photomicrograph of CCl4 treated rats shows  
formation of collagen fibers around cirrhotic nodules (arrow heads) and excessive amount of green stained collagen fibers around portal vein  

(arrow) (A, B, D  at magnification X400, Bar 50, C at magnification X100, Bar 200) (Masson trichrome).  

Fig. (4): (A) A photomicrograph of CCl4-HSC treated rats showing few amount of collagen fibers around central vein. (B):  A photomicrograph  
of CCl4-HSC treated rats showing few amount of collagen fibers in the portal area. (C): A photomicrograph of CCL4/fibroblast treated rats  
shows excessive amount of collagen fibers (arrow heads) around the Cirrhotic nodules (CN) and around blood vessels (arrows). (D):  A  
photomicrograph of CCL4/fibroblast treated rats shows excessive amount of collagen fibers around the portal vein (A, B, D  at magnification  
X400, Bar 50, C at magnification X100, Bar 200) (Masson trichrome).  
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Fig. (5): (A) A photomicrograph of PAS stained sections of the control group showed positive PAS reaction in the hepatocytes (curved  

arrow) around the Central Vein (CV) (PAS X400). (B): A photomicrograph of PAS stained sections of the liver tissue of CCL4 treated group  

showed very strong positive PAS reaction inside the hepatocytes (arrow) while other cells with fatty degeneration showed no reaction (curved  

arrow) and weak reaction was observed in the septa (arrow head) (PAS X400). (C) The PAS stained sections of CCl4-HSC treated group showed  

moderate positive reaction in the hepatocytes (curved arrow) around the (CV) (PAS X400). (D): A photomicrograph of PAS stained sections  

of the liver tissue of CCL4/fibrobl ast treated group showed very strong positive PAS reaction inside the hepatocytes (curved arrow) while other  

cells with fatty degeneration showed no reaction (zigzag arrow) and weak reaction was observed in the septa (arrow head) (PAS X400).  

Fig. (6): (A) A photomicrograph of control rats showing weak positive immunreaction in the portal area (arrow) and in lining of the sinusoid  

(zigzag arrow). (B): A photomicrograph of CCl4 treated group showing strong positive immunreaction in the portal area (arrow) and between hepatocytes  

(arrow head). (C): A photomicrograph of CCl4-HSC treated rats showing moderate positive immunreaction in few cells between the hepatocytes  

(curved arrow) and in the portal area (arrow). (D): A photomicrograph of CCl4/fibroblast treated group showing strong positive immunreaction in  

the portal area (arrow) wall of sinusoids (curved arrow) (immunoperoxidase technique for  α -smooth muscle actin X400, bar 50).  
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Table (3): Gene expression of albumin and TGF- β  genes  
between different studied groups.  

Studied groups  Albumin  TGF-β  

Control  3.83±0.68  0.20±0.06  

CCl4  0.87±0.24  1.03±0.28  

CCl4-HSC  2.61 ±0.71  0.58±0.18  

CCl4-Fibroblast  0.81±0.25  1.01 ±0.31  

F  45.129  19.430  

p  0.00**  0.00**  

Control CC 14 CC 14- 
HSC  
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Fig. (7): (A,B) A photomicrograph of CD34 +  immunohistochemical stained sections of stem cells treated group showing strong positive  

expression of CD34 +  stem cells in the hepatocytes around central vein (A) and in the hepatocytes around portal vein (B) (immunoperoxidase  

technique for CD34 +  X400). (C, D, E): A photomicrograph of CD34 +  immunohistochemical stained sections of control, CCL4 and CCL4/  

fibroblast treated group showing negative expression of CD34 +  stem cells in the hepatocytes around central vein and portal area (immunoperoxidase  

technique for CD34+  X400).  

Table (4): The area % of collagen fibers, area % of α  smooth  
muscle actin and optical density α  smooth muscle  
actin in different groups.  

Area % of  
collagen fibers  

Area % of  
α  smooth  

muscle actin  

Optical density  
of α  smooth  
muscle actin  

Control  1.03±0.4  1.34± 1.1  0.8±0.16  

CCl4  27.6±11.3  21.2±2.2  2.84±0.56  

CCl4-HSC  10.1 ±3.2  2.6±1.62  1.83 ±0.5  

CCl4-Fibroblast  25.5±10.4  20.4±2.0  2.63 ±0.5  

F  16.5  240.6  33.23  

p 
 

0.000**  0.000**  0.000**  

* : Significant (p<0.05).  
**: Highly significant (p<0.001).  

Chart (1): The area % of α  smooth muscle actin and collagen  
fibers in the different studied groups.  

3.0  

2.5  

2.0  

1.5  

1.0  

0.5  

0.0  
Control CC14 CC14- 

HSC  
Optical density  

Chart (2): The optical density of immune reaction to α-smooth  
muscle actin in the different studied groups.  

CC 14- 
fibroblast  
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Discussion  

The liver transplantation is considered as most  

beneficial treatment for patients who suffering  

from chronic liver diseases. However, for many  
patients it is difficult to have transplantation due  

to unavailable donor livers and about 10% of the  
patients while they are waiting transplantation they  

die. The survival rate in patients who had received  

liver transplantation was 93% in the first 3 months,  

85% at the first year and 78% at 3 years [21] .  

Hematopoietic stem cells as the chief population  
of bone marrow stem cells, were expressing its  
own surface marker CD34 + . HSCs had the ability  
to move away from the bone marrow and circulate  

into the blood. Their mobilization depended on  

easily substances released during tissue injury  
particularly Granulocyte-colony stimulating factor  

[22] . They were self-renewable that can be differ-
entiated into progenitor cells [23] . CD34+  peripheral  
blood stem cells had exhibited a great effect on  

experimental animal models of liver disease and  
voluntaries patients who suffering from chronic  

hepatic diseases [19,21,24] . So this study was de-
signed to investigate if hematoipoietic stem cells  

have the capability to retain the hepatic structure  

in experimental rat model of liver cirrhosis.  

In the current work, Carbon tetrachloride  

(CC14) was used to induce experimentally cirrhosis  

in rat liver as the CC14 model was the most one  

that resemble cirrhosis of human liver [25] .  

In the present study, the H & E stained sections  
of control livers revealed classic characteristic  

appearance of hepatic lobules which consisted of  
cords of hepatocyte radiating from central vein.  

Portal area is present at the corner of lobule con-
taining branches of portal vein, hepatic artery and  
bile duct. Hepatocytes had large vesicular nuclei  

with acidophilic cytoplasm. Some binucleated  
hepatocytes were noticed. Blood sinusoids which  
lined by endothelial cells and Kupffer cells were  

noticed between cords of hepatocytes and These  
results were in agreement with [26,27] .  

In the this study, livers of CCl4 treated group  
indicated loss of normal hepatic architecture which  
replaced by different size and shapes cirrhotic  

nodules with bridging fibrosis extending between  

central and portal veins. Haemosiderin engulfing  

cells were observed. These results were in accord-
ance with [28,29] .  

In the CCl4-HSC treated group, there were  

remarkable improvement as the severity of massive  

fatty degeneration and liver cirrhosis was markedly  

decreased and the liver retained its architecture  

and liver cell becomes more or less similar to  

normal. However some areas still had distorted  

architecture. The CCl4-fibroblast showed similar  

picture to CCl4 group  [30] .  

It was reported that hematopoietic stem cells  

not only had the ability of homing to specific  

damaged tissues, but also capability of differenti-
ation and stimulation of local repair response  [31] .  
Two mechanisms were involved in liver regenera-
tion by Hematopoietic stem cells; the first one is  

the self-generation of hepatocytes by trans-
differentiation and the second is the genetic pro-
gramming of the resident hepatocytes by cell fusion  

[30] .  

Masson Trichrome stained sections of the con-
trol group revealed minimal amount of collagen  
fibers around the central vein and in the portal  

area. These findings were in agreement with [32] ,  
but the Masson Trichrome stained sections of CCl4  

group revealed extensive collagen fibers in bridging  

fibrosis, the portal area and the around central  

vein. These results are proved morphmetrically by  

significant increase of area percentage of collagen  

fibers in CCl4 treated groups.  

Yang et al.,  [33]  explained that increased colla-
gen fibers were due to oxidative stress produced  
by CCl4. Moreover [33,34]  mentioned that damaged  
hepatocyte promoted the activation of Kupffer  

cells with subsequent production of growth factor  
and cytokines which promoted transformation of  

the hepatic satellite cells into myofibroblasts like  

cells. These myo-fibroblasts like cells had the  
capability of depositing huge amounts of the main  
components connective tissue like collagen and  

adhesive glycoproteins.  

Administration of HSC to CCl4 treated rat  
resulted in massive reduction of collagen fibers as  
monitored by Masson trichrome stained section  

and proved by morphmetrically calculation of area  
percent of collagen fibers. HSCs were not only  

considered as the primary source of new regener-
ated hepatocytes but also their actions were asso-
ciated markedly with macrophages, that gave rise  

to a series of collagenases that facilitated the  

process of liver regeneration  [35] .  

In control and HSC groups, there were positive  
PAS reaction that can explained by that normal  

hepatocytes had considerable amount of glycogen  

these results were in accordance with results of  
[36] . Moreover, the CCl4 treated and CCl4/ fibrob-
last treated groups exhibited more positive PAS  
reaction and these results were agreed by [44]  who  
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explained that regenerated cirrhotic nodule contain  

huge glycogen granules.  

In CCl4 or CCl4/fibroblast treated groups re-
vealed increased positivity of α -SMA immunore-
actions as detected morphometrically by significant  

increased area percent and optical density of α -
SMA positive cells. These results passed in parallel  
line with increased collagen level as monitored  

morphometrically by increased area percent of  

collagen fiber in Masson trichrome section. α -
SMA was taken as a real marker for the hepatic  

satellite cells activity which were known as the  

primary cell that caused fibrogenesis [37] .  

There was positive immunoreaction for CD34 + 
 

cells in the HSC group that appeared in hepatocytes  

around central vein and in portal area. This was  

due to differentiation of CD34 +  cells around the  
hepatocytes of vascular area. These results were  

matched with other studies [19]  but there was neg-
ative immunoreaction for CD34 +  cells in other  
groups of this study.  

Liver dysfunction was obvious in both CCl4  
or CCl4-fibroblast treated groups. As there were  

significant elevation of serum levels of ALT, AST  

and ALP and a marked reduction of albumin level.  

These results are in accordance with Zaho et al.,  
[39]  who detected liver dysfunction in rat after  

induction of liver fibrosis by CCl4, also they ob-
served absence of recovery after CCl4 withdrawal  

[38] . Explained that marked increase of ALT, AST,  
ALP, direct and total bilirubin in addition to reduc-
tion albumin levels is due to liver inflammation  
with subsequent edema of the organelles and struc-
tural damage [39] .  

In the present study, there were non-remarkable  

changes seen in liver biochemical tests including  

albumin, bilirubin, ALP, ALT and AST levels in  
HSC group versus the control group. It was reported  

that transplanted CD34 +  HSC had the ability to  
restore the serum albumin and bilirubin level and  
markedly decrease the strength of liver cirrhosis  

and fibrosis in a rat model of injured liver [30,40] .  

In the present study there is increased expression  

of TGF-β  gene in CCl4 or CCl4-fibroblast groups.  
Several studies focused on the role of TGF- β  
expression in vascular endothelial cells for endoglin  

production. Endoglin which was known as the  
main expressed profibrogenic cytokines that had  

vital role in transdifferentiation of satellite cells  

to myofibroblasts like cells. This also can recog-
nized by α -SMA immunoreactions [41,42] .  

Improvement of cirrhotic liver after HSC treat-
ment was proved also by increase expression of  
albumin gene and by decreased expression of TGF-
β  gene. This is may be due to resolution of cirrhosis  
and repairing of the diseased hepatocytes [43] . Gene  
expression results added supportive evidence for  

biochemical, histological, immunohistochemical  

and morphometrical results. These results provided  
a new hope for ameliorating liver cirrhosis by  
instead of liver transplantation as traditional treat-
ment with its common complications.  
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