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ABSTRACT
Introduction: Partial hepatectomy is indicated as the main curative approach for traumatic rupture of the hepatic parenchyma, 
and hepatocellular carcinoma. Hepatic stellate cells (HSCs) are vital and have a significant importance in their emerging role 
in hepatic regeneration.
Aim of the Work: Study the role of hepatic stellate cells and angiogenesis in liver regeneration after 70% partial hepatectomy 
in adult male albino rats.
Materials and Methods: Forty adult male albino rats(4-6months) weighing 150-200 gm were randomized into 5 groups of 
eight rats each; group I was the sham control group, and the animals were subjected to 70% partial hepatectomy in groups 
II, III, IV and V in which they were postoperatively sacrificed 3, 7, 14 and 21 days respectively. At the time of scarification 
specimens were taken for histological and immunohistochemical studies. H and E and immunohistochemical staining for 
proliferating cell nuclear antigen (PCNA), vascular endothelial growth factor (VEGF) and α-smooth muscle actin (α- SMA) 
were done. Image analysis and statistical analysis of the obtained results were performed. 
Results: The liver showed disturbed histological architecture with distortion of the neatly arranged hepatocyte plates in group 
II which was restored in the following groups. Wide distribution of Kupffer cells, was also noted in group II and continued 
in group III. The PCNA and VEGF activity showed significant positive reaction in groups II and III , insignificant positive 
immunoreaction was reported in groups IV and V . The α- SMA showed significant positive reaction in group II, insignificant 
immunoreaction was reported in the remaining other groups. 
Conclusion: Partial hepatectomy stimulated liver regeneration in the remaining liver lobes with reconstitution of most of 
the liver mass 21 days postoperatively. This regenerative process was associated with angiogenesis and HSCs activation as 
denoted by VEGF expression and α- SMA expression respectively.
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INTRODUCTION                                                                                                                                                                                                        

Partial hepatectomy (PH) is mainly indicated for 
primary or secondary tumors of the liver and biliary ducts. 
It is also indicated for benign lesions such as traumatic 
rupture of the hepatic parenchyma, hepatic abscesses, 
polycystic liver disease and liver hydatid cyst[1].

Hepatocellular carcinoma (HCC)is one of the most 
common liver tumors in Asia and Africa[2]. Partial 
hepatectomy(PH) and liver transplantation are the 
preferred treatment modalities as they give a chance of a 
cure for HCC[3].

The efficient regeneration of the liver after PH 
determines the clinical prognosis of the patient with 
hepatic malignancies. The wide safety margin resection 
does not leave enough functioning liver parenchyma after 
operation[4].

Moreover, in liver transplantation, the characteristic 
regenerative capacity of the liver is important for the donor 
to maintain the appropriate mass and function as well as for 
the recipient to guarantee a good outcome[5].

Liver regeneration is a complicated process. It can be 
triggered by primary reduction of liver mass as in partial 
hepatectomy (PH) or liver transplantation with small size 
grafts. Also, it can be triggered by secondary reduction 
of a viable liver mass induced by liver injury as in viral 
hepatitis, drug injury or steatosis[6and7].

Partial hepatectomy is the most often used model of 
liver regeneration because it is not associated with tissue 
injury or inflammation when compared with other methods 
that use hepatic toxins such as carbon tetrachloride[8and9].

Liver regeneration can be evaluated by using 
proliferating cell nuclear antigen (PCNA), an endogenous 
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nuclear protein, as a marker of hepatocyte proliferation 
after PH in rats[10]. 

The response of liver regeneration is also thought to 
be dependent on angiogenesis because the expansion 
of avascular hepatocyte clusters, formed during 
regeneration throughout liver lobule, is followed by 
subsequent proliferation and invasion of the sinusoidal 
endothelium. This process is stimulated by the release of 
different angiogenic growth factors including vascular 
endothelial growth factor (VEGF) which is synthesized 
by hepatocyte[11].  However, the overall requirement of 
angiogenesis for liver regeneration was even denied by 
some authors[12].

Hepatic stellate cells (HSCs)  have a significant 
importance in their emerging role in hepatic fibrosis. 
There is growing evidence that stellate cells are also vital 
in hepatic regeneration, which needs to be confirmed by 
further investigations. Activated stellate cells express 
alpha- smooth muscle actin (α -SMA) which is used as a 
reliable marker for their detection[13].

The present work was planned to trigger liver 
regeneration through an experimental model of 70% 
partial hepatectomy in male albino rats. This was done 
to investigate the role of HSCs and angiogenesis as 
demonstrated by immunohistochemistry for α-SMA and 
VEGF respectively and its correlation with hepatocyte 
proliferation as detected by PCNA.

MATERIAL AND METHODS                                              

Animals 
The present study was carried out on forty male albino 

rats(4-6 months) with an average weight of 150-200 
gm. The animals were obtained from the animal house 
of Kasr Al Aini, Faculty of Medicine, Cairo University. 
Following the guidelines for animal research issued by 
the National Institute of Health and approved by animal 
ethics committee, Cairo university .The rats were housed 
in hygienic cages , maintained on  a standard pellet diet and 
were allowed free access to water.

The rats were randomly divided into 5 groups
•	 Group I: Included 8 rats which served as control 

group and were subjected to sham operation where 
midline laparotomy incision was done with gentle 
manipulation of the liver. The remaining four 
groups, included eight rats each, were subjected to 
70% partial hepatectomy according the technique 
first described[14]. Then, the experimental animals 
were sacrificed by cervical dislocation at each of 
the following intervals after partial removal of the 
liver.

•	 Group II: Animals in this group were sacrificed 
three days postoperative. 

•	 Groups III: Animals in this group were sacrificed 
seven days postoperative. 

•	 Group IV: Animals in this group were sacrificed 
fourteen days postoperative. 

•	 Groups V: Animals in this group were sacrificed 
twenty one days postoperative.

Partial hepatectomy procedure
All operations were carried out in the period 

between 9-12 am at room temperature.The animals were 
anesthesized by intramuscular injection of Ketamine (90 
mg/kg) and Xylazine (10 mg/kg)[15]. A mid-line abdominal 
incision was done; and expose the liver. The left lateral 
lobe was first legated by 3-0 silk suture then removed.   
The median lobe was then legated by the same suture then 
removed. In this way, portions of the hepatic parenchyma 
ranging in extent from 65% to 75% of the total liver 
mass were removed while; the right lateral lobe and the 
small caudate lobe remained within the peritoneum.The 
peritoneal cavity was irrigated with procaine penicillin in 
a dose of 10,000-30,000 IU/KG. Finely, the abdomen was 
closed in two layers using 3/0 silk suture.  The abdominal 
wall muscles were sutured in one layer followed by the 
skin in the second layer. Disinfection with betadine was 
then used along the suture line[16].

Mortality and post-operative care 
Animals were left in airy room until they recovered 

from anesthesia and thereafter, they were housed in 
hygienic cages with suitable temperature, maintained 
on a standard pellet diet and were allowed free access to 
water. Two rats of the experimental animals died during the 
operation due to intraoperative bleeding caused by surgical 
injury to large blood vessel which could not be controlled. 
These rats were excluded from the study and replaced by 
other animals. No postoperative mortality was observed in 
the operated animals .

At the end time of each group, each rat was weighed 
(B) then sacrificed by cervical dislocation. A midline 
incision was done and the abdomen was opened. From 
each animal, the regenerated liver was dissected from the 
surrounding adhesions then removed and weighed (A). 
The liver weight to body weight ratios (LW/BWR) were 
calculated by dividing A to B multiplied by 100 .

Liver weight /body weight ratio (%) = A/B x 100[17].

Histological study
For light microscopy, the specimens of the liver were 

fixed in 10% formol saline and processed for paraffin 
sections which were cut into thin sections of  7 um thickness 
and were subjected to the following staining techniques: 

1.	 Routine haematoxylin and eosin (H and E) 
staining[18].

2.	 Immunohistochemical detection for proliferating 
cell nuclear antigen (PCNA), as a marker of 
proliferation. It was done   by using monoclonal 
antibodies against PCNA[19].
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3.	 Immunohistochemical detection for vascular 
endothelial growth factor (VEGF), as a marker of 
angiogenesis. It was done by using polyoclonal 
antibodies against VEGF[19].

4.	 Immunohistochemical detection for alpha- smooth 
muscle actin (α -SMA), as a marker for HSCs 
activation. It was done by using monoclonal 
antibodies against α -SMA[19].

Both anti-PCNA and anti- α -SMA are specific 
mouse   monoclonal antibodies. Anti- VEGF antibody is a 
specific rabbit polyclonal antibody (lab vision corporation 
laboratories, USA). They are all specific antibodies that 
are reactive to human, mouse and rat tissues. They are 
supplied as prediluted antibody ready to use for staining 
formalin-fixed and paraffin-embedded tissues. They were 
stored at 2-8°C.

The detection kit used in this study was Zymed LAB-
SA system (Zymed Laboratories Inc, South San Francisco, 
CA.).

The contents of the kit were serum blocking solution 
(10% non immune goat serum ), biotinylated secondary 
antibody, streptavidin peroxidase conjugate, 0.6% hydrogen 
peroxide (H2O2) solution, concenterated substrate buffer, 
concenterated chromogen solution(DAB), haematoxylin 
solution and Histomount. Negative controls were done by 
omitting step of the primary antibody and its replacement 
by PBS. 

Morphometric study 
The Leica Qwin 500 image analyzer computer system 

(England) was applied. The image analyzer was first 
calibrated automatically to convert the measurement units 
(pixels) produced by the image analyzer program into 
actual micrometer units. It was used to measure the area 
percent of PCNA, VEGF and α-SMA immunoreactions. 
For each group, ten measuring fields in each specimen were 
randomly selected, using objective lens of magnification 
40 i.e. at total magnification of 400.

Statistical study
The data obtained (LW/BWR, the area percent of 

PCNA, VEGF and α-SMA) for all groups were expressed 
as means and standard deviations (SD) and subjected 
to statistical analysis then tabulated and represented 
graphically. One way ANOVA (Analysis of variance) was 
used to test the difference about mean values of measured 
parameters among groups, multiple comparisons between 
pairs of groups were performed using  Post hoc range test; 
LSD (Low significant difference). For interpretation of the 
results of tests of significance, as regard the P value:

•	 Significant was adopted at P<0.05. 

•	 Non significant was taken at P>0.05. 

RESULTS                                                                                    

Morphometric and statistical results

(1) The mean liver weight/body weight ratio                      
(LW/BWR)

The mean LW/BWR showed a significant decrease 
(P<0.05) in group II (three days postoperative) when 
compared to control.  Gradual significant increase (P< 0.05) 
was observed in the remaining groups when compared to 
each other however, this increase in the mean LW/BWR 
in group III and IV was still significantly lower (P<0.05) 
than the control level. On the other hand, no significant 
difference (P>0.05) was found in group V (twenty one 
days postoperative) in relation to control.

(2) The mean area percent of PCNA
Statistical analysis was performed using ANOVA 

followed by post hoc range test. It revealed that there was a 
significant increase (P<0.05) in the mean area % of PCNA 
positive reaction in group II and III when compared to 
control although, there was a significant decrease in group 
III when compared to group II. On day 14 (group IV) and 
day 21 (group V), no statistical significant difference was 
noted when compared to control (P>0.05).  

(3) The mean area percent of VEGF
Statistical analysis showed that there was a significant 

increase (P<0.05) in the mean area % of VEGF positive 
reaction in group II and III when compared to control 
although, there was a significant decrease in group III 
when compared to group II. In group IV and group V, the 
mean area % showed no statistical significant difference  
(P>0.05) when compared to control group. 

(4) The mean area percent of α-SMA
Application of Post Hoc ANOVA test showed that there 

was a significant increase (P<0.05) in the mean area % of 
α-SMA positive reaction in group II when compared to 
control. In group III, IV and V, no significant difference    
(P>0.05) was noted as compared to control.

Results of gross appearance of the liver 
Regarding the gross picture of the liver in group I 

(control rats), the liver appeared as multilobed solid organ 
composed of four distinct lobes, with smooth surfaces 
and dark red color. No gross changes were observed. In 
group II (animals sacrificed three days after PH), the liver 
appeared very pale when compared to control liver while, 
it appeared more or less normal with no pallor in group III 
(animals sacrificed seven days after PH) and, returned back 
to normal control color in group IV (animals sacrificed 
fourteen days after PH) and group V (animals sacrificed 
twenty one days after PH). Yellowish discoloration of the 
liver tissue was observed around the surgical stump in all 
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experimental groups. Intraabdominal adhesions were seen 
between the liver and diaphragm, stomach, surrounding 
intestine and spleen. These adhesions were mild in group 
II and group V while, marked in group III and group IV.  

Light microscopic results

1. HandE

Group I (sham control)

Histological examination of HandE stained sections 
from rat liver of group one revealed normal histological 
architecture of the liver.  Hepatocytes were arranged in the 
form of branching and anastomosing cords radiated from 
the central veins and separated by blood sinusoids. The 
neatly arranged hepatocytes appeared polyhydral in shape 
with acidophilic granular cytoplasm and central rounded 
vesicular nuclei. Kupffer cells and endothelial cells were 
seen lining the blood sinusoids. The portal area was found 
at the periphery of the lobules and contained branches of 
the portal vein, hepatic artery and bile duct (Figure 1).

Group II (animals sacrificed 3 days after PH)

Histological examination of HandE stained sections 
from rat liver of group two revealed loss of the neatly 
arranged hepatocytes in radiating anastomosing plates 
with dilatation and congestion of the intervening blood 
sinusoids. The blood sinusoids appear numerous, distorted, 
wider and shorter with interrupted course when compared 
to control group which appear straight and relatively 
maintain constant sinusoidal width along the hepatic 
lobule. In some sections, hepatocytes appeared swollen, 
lightly stained nuclei and prominent nucleoli. The majority 
of hepatocytes showed vacuolations of their cytoplasm 
while other cells appear with discontinuous cell membrane, 
and karyolysis or pyknotic nuclei .Clusters of pale stained 
hepatocytes were observed and each cluster contained 
many pale stained cells (Figure 2). Mitotic figures were 
observed among the hepatocytes with different stages 
including metaphase, anaphase and telophase (Figure 3).

The portal area showed dilated congested portal vein 
branch, more branching of the bile duct which showed 
stratification of the lining epithelium, and also revealed 
the large number of flattened cells around the bile duct               
(Figure 4). 

The sinusoidal endothelial cells were enlarged as 
compared to control . Large irregular cells with large oval 
or triangular nuclei and heterogenous cytoplasm (Kupffer 
cells) were widely distributed lining the blood sinusoids. 
Most of hepatocytes showed vesicular nuclei with 
prominent nucleoli or multiple nucleoli. Some hepatocytes 
appear with different stage of apoptosis, some cells show 
fragmented chromatin and deeply acidophilic cytoplasm, 
others cells appear with distorted nuclei with clumped or 
dispersed chromatin material (Figures 5 and 6).

Group III (animals sacrificed 7 days after PH)
The HandE stained sections from rat liver of group three 

revealed partial restoration of the hepatocyte arrangement 
in plates radiating from the dilated central vein (Figure 7). 

Hepatocytes appeared swollen in most sections 
with acidophilic and granular cytoplasm. Flattened 
branched cells in wide space of disse could be seen                                                                                           
(Figures 7 and 8). The portal area showed more branching 
bile duct with stratification of the lining epithelium 
and large number of flattened cells around the bile duct                
(Figure 8).  

The intervening blood sinusoids were dilated, regularly 
arranged between the hepatocytes plates and lined by 
enlarged endothelial cells which appeared detached 
in some sections. Many Kupffer cells with condensed 
heterogenous cytoplasm and dark nuclei were also seen                                
(Figures 7 and 8).
Group IV (animals sacrificed 14 days after PH)

Microscopic examination of the HandE stained 
sections from rat liver of group four revealed restoration 
of the histological architecture of the liver. Hepatocytes 
were arranged in branching anastomosing cords radiating 
from the central vein which was dilated and congested                  
(Figure 9).

Almost all hepatocytes were more or less normal. The 
nuclei appeared vesicular with prominent nucleoli and more 
condensation of the nuclear chromatin than the previous 
two groups. Cytoplasm was acidophilic and granular. The 
flattened branched cells could be seen. Small bile duct 
branch was appeared surrounded by large number of cells 
with oval nuclei (Figure 10).The portal vein appeared 
dilated and congested. The intervening blood sinusoids 
were dilated and lined with proliferating endothelial cells 
and Kupffer cells (Figures 9 and 10).

Group V (animals sacrificed 21 days after PH)
Histological examination of the HandE stained sections 

from rat liver of group five revealed preserved histological 
architecture of the liver. Hepatocytes were arranged 
in anastomosing plates radiating from the central vein              
(Figure 11).Hepatocytes were apparently normal. The 
nuclei were vesicular having prominent nucleolei and 
more condensed nuclear chromatin than in group II and III. 
Cytoplasm was acidophilic and granular (Figure 11).

The portal area was infiltrated with mononuclear cells 
as well; these infiltrates were noted among the hepatocytes 
as well as developing hepatic cords (proliferating 
hepatocytes) nearby the cellular infiltration were appeared. 
The flattened spindle cells and the branched cells with oval 
nuclei could be seen(Figure 12).  The intervening blood 
sinusoids were dilated and congested.  Flat endothelial cells 
and Kupffer cells were seen lining the blood sinusoids. 
Also, dilatation  and congestion of the portal vein branch 
(Figures 11,12). 
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2.PCNA immunostaining 

- Group I
Immune-histochemically stained sections from rat 

liver of control group showed scattered hepatocytes with 
positive nuclear immunoreactions localized in the region 
of the central vein (V) and the portal tract (Figure 13). 

- Group II
Numerous hepatocytes with positive nuclear 

immunoreactions were detected all over the section, around 
the central vein and the portal tract (Figure 14).

- Group III
Positive nuclear immunoreaction for PCNA was 

detected in few hepatocytes around the central vein and 
near to the portal tract (Figure 15).

- Group IV
Very few hepatocytes with positive nuclear 

immunoreactions were observed near to the central vein 
and portal tract (Figure 16).

- Group V
The positive nuclear immunoreactivity was limited to 

very few hepatocytes around central vein and near to the 
portal tract (Figure 17).

VEGF immunostaining

- Group I
The VEGF positive cytoplasmic immunoreaction was 

limited to the pericentral hepatocytes. The hepatocytes 
around portal tract showed negative immunoreaction 
(Figure 18). 

- Group II
Diffuse VEGF positive cytoplasmic immunoreactions 

were shown in all hepatocytes around central vein and 
those around portal tract (Figure 19).

- Group III
Immune-histochemcally stained sections showed 

positive cytoplasmic immunoreaction for VEGF limited 
to midzonal hepatocytes and some cells around the central 

vein. Hepatocytes around the portal tract showed negative 
immunoreaction (Figure 20). 

- Group IV
Few hepatocytes around central vein showed positive 

cytoplasmic immunoreactivity and those around portal 
tract showed negative immunoreaction (Figure 21).

- Group V
Positive VEGF cytoplasmic immunoreaction was 

detected in few hepatocytes around central vein and those 
around portal tract showed negative immunoreaction 
(Figure 22).

3. α-SMA immunostaining 

- Group I
Immune-histochemcally stained sections from rat 

liver of control group showed positive cytoplasmic 
immunoreactivity for α-SMA in the cytoplasm of the 
smooth muscles of the vessels wall. The surrounding 
hepatocytes showed negative immunoreaction (Figure 23).

- Group II
Spindle shaped cells with positive cytoplasmic 

immunoreaction for α-SMA were observed around the 
blood sinusoids (Figure 24).  Also, flat and branched cells 
with positive cytoplasmic immunoreaction were seen 
among the vacuolated hepatocytes (Figures 25,26). 

- Group III
The α-SMA positive cytoplasmic immunoreactivity 

was limited to the smooth muscles of the wall of central 
vein as well as the portal vessels (Figure 27).

- Group IV
The immunoreaction for α-SMA was localized in the 

smooth muscles of the central vein and the vessels wall in 
the portal tract (Figure 28).

- Group V
α-SMA immunohistochemical staining of sections 

from rat liver of group five showed positive cytoplasmic 
immunoreaction  in the smooth muscles of the central vein 
and the portal vessels (Figure 29).



1075

		                               Jimmy et al.

Fig. 1: A Photomicrographs of a section in rat liver of control group (A)  showing regularly arranged hepatocyte plates radiated from the central vein and the 
portal tract. The hepatocytes have rounded vesicular nuclei with prominent nucleoli and acidophilic granular cytoplasm (black arrows).The blood sinusoids 
are regularly arranged and lined by endothelial cells with flattened nuclei (black arrowheads). The portal tract shows branches from the portal vein (PV), bile 
duct (Bd) and hepatic artery (A). (B) Showing the endothelial cells (black arrowheads) and Kupffer cell (red arrowhead) lining the blood sinusoid. Hepatocytes 
appear with acidophilic granular cytoplasm and vesicular nuclei with prominent nucleoli (black arrows). (HandE. A X400-B X1000)

Fig. 2: Photomicrographs of a section in rat liver of group two(A)revealing distorted hepatocytes plates with disturbance of the intervening blood sinusoids (S). 
Some hepatocytes appear swollen with enlarged, lightly stained nuclei and prominent nucleoli (black arrows),while other cells appear with discontinuous cell 
membrane, and karyolysis or pyknotic nuclei (green arrow).Marked hypertrophy of Kupffer cells (red arrowheads) with engorged heterogeneous cytoplasm 
and condensed nuclei within the blood sinusoids which lined by endothelial cells (black arrowheads). (B) revealing cluster of vacuolated hepatocytes with pale 
cytoplasm (zigzag arrows) with dilatation and congestion of blood sinusoids (stars) which appear numerous, distorted, wide and short with interrupted course.
(A:HandE X1000-B: HandE  X400)
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Fig. 3:  photomicrographs of a section in rat liver of group two showing different stages of mitotic figures (double arrows). A: Metaphase stage. B:  Metaphase 
and anaphase stages. C: Two daughter cells in telophase stage. (HandE. X400)

Fig. 4: Photomicrographs of a section in rat liver of group two, in the portal region, (A)revealing dilatation andcongestion of the portal vein branch (PV) and 
more branching of the bile ducts (Bd) with stratification of the lining epithelium. Notice, the vacuolated hepatocytes (zigzag arrows). (B) revealing marked 
increased branching of the bile ducts (Bd) with stratification of the lining epithelium . Notice, the large number of flattened cells around the bile duct(green 
arrow). (HandE. X400)

Fig. 5: A photomicrograph of a section in the rat liver of group two showing prominent endothelial cells (black arrowheads) lining the blood sinusoids. Kupffer 
cells with dark nuclei (red arrowheads) are also seen. Some hepatocyte appear with distorted nuclei and clumped chromatins(black arrow), while other cell 
shows fragmented chromatin(green arrow). Notice, the anaphase stage (double arrows). (HandE.  X1000) 



1077

		                               Jimmy et al.

Fig. 6:  Photomicrographs of a section in the rat liver of group two (A) showing irregular Kupffer cells with  large oval pale nuclei and heterogenous 
cytoplasm (red arrowheads) lining the blood sinusoids. The hepatocytes appear with different stage of apoptosis, some cells show fragmented chromatin and 
deeply acidophilic cytoplasm(green arrow),others show nuclei with dispersed chromatin material and prominent nucleoli (black arrows) .(B) showing some 
hepatocytes have vesicular nuclei with prominent nucleoli or multiple nucleoli(black arrows),others show nuclei with fragmented chromatin(green arrow). 
Kupffer cells with dark nuclei (red arrowheads) are also seen. (HandE.  X1000)

Fig. 7: Photomicrographs of a section in rat liver of group three showing regular arrangement of hepatocytes in anastomosing and branching cords radiating 
from the dilated central vein (V). The blood sinusoids (S) are dilated, regularly arranged and lined by flattened endothelial cells (black arrowheads) and kpuffer 
cells (red arrowheads) with condensed cytoplasm.Swollen hepatocytes around central vein (V) with large vesicular nuclei and acidophilic granular cytoplasm 
are seen (black arrows).Notice, the fibroblast like cells (green arrow). (HandE   X 400)

Fig. 8: Photomicrographs of a section in rat liver of group three, in the portal region,(A) revealing more branching bile duct (Bd) with stratification of the 
lining epithelium and large number of flattened cells around the bile duct(green arrow). The wide plates are with  swollen  hepatocyte ,acidophilic vacuolated 
cytoplasm and pale nuclei (black arrows).(B) revealing enlarged endothelial cells (black arrowheads) and many  Kupffer cells with heterogenous cytoplasm 
and dark nuclei, lining blood sinusoids (red arrowheads). The hepatocytes nuclei appear lightly stained with dispersed chromatin and prominent nucleoli (black 
arrows). Notice, the flattened branched cell (green arrow) in wide space of disse. (HandE . A  X400-B  X1000)
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Fig. 9: Photomicrographs of a section in rat liver of group four showing regular arrangement of hepatocytes in radiating, anastomosing and branching cords. 
Hepatocytes are apparently normal with acidophilic cytoplasm and large vesicular nuclei (black arrows) while, the central vein (V) is dilated and congested. 
The intervening blood sinusoids show some congestion (star). (HandE  X400)

Fig. 10: Photomicrograph of a section in rat liver of group four, in the portal region,(A) showing portal vein branch (PV) is dilated and congested with 
endothelial cells proliferation(arrow head). Small bile duct branch is seen (Bd) surrounded by large number of cells with oval nuclei(green arrow).Hepatocytes 
appear with acidophilic cytoplasm and vesicular nuclei (black arrows). (B) showing regular arrangement of hepatocytes in plates separated by dilated blood 
sinusoids (S) lined by flat endothelial cells (black arrowheads) and Kupffer cells (red arrowheads). The hepatocyte with vesicular nuclei (black arrows). Notice, 
the flattened branched cells(green arrow). (HandEA  X400 – B X1000)

Fig. 11: A photomicrograph of a section in rat liver of group five (A) showing regularly intervened dilated and congested blood sinusoids (stars). Endothelial 
cells (black arrowhead) are seen lining the blood sinusoids. (B) showing regularly arranged hepatocyte plates, separated by dilated blood sinusoids (S). Kupffer 
cells (red arrowhead) and endothelial cells (black arrowheads) are lining blood sinusoids. Hepatocytes appear with average size and acidophilic granular 
cytoplasm and vesicular nuclei with condensed chromatin and prominent nucleoli (black arrows).  (HandE. A    X400-B X1000)
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Fig. 12: A photomicrograph of a section in rat liver of group five (A) showing congestion of the portal vein branch (PV), the portal area infiltrated with 
mononuclear cells (black arrow) and developing hepatic cords(proliferating hepatocytes)(star)nearby the cellular infiltration. Notice, the flattened spindle cells 
(green arrow) (B) showing an island of mononuclear cell infiltration among the hepatocytes (black arrow) and developing hepatic cords (star). Notice, the 
branched cells with oval nuclei (green arrow). (H and E. X400)

 

Fig. 13: (A) photomicrograph of a section in rat liver of control group positive nuclear immunoreaction near to the central vein (V).(B) showing one hepatocyte 
with positive nuclear immunoreaction near to the portal tract (black arrow). (PCNA immunoreactivity. X400)

 

Fig. 14: photomicrographs of a section in rat liver of group two immunostained for PCNA (A) showing positive   nuclear immunoreaction of most hepatocytes 
(black arrows) around the central vein (V).(B) showing positive nuclear immunoreaction of almost all hepatocytes (black arrows) around the portal vein (PV) 
and hepatic artery (A). ( PCNA immunoreactivity X400)
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Fig. 15: photomicrographs of a section in rat liver of group three  immunostained for PCNA(A)  showing  positive nuclear immunoreaction  in only  few   
hepatocytes around the central vein(V) (black arrows).(B) showing very few hepatocytes near the portal area, with positive nuclear immunoreaction (black 
arrows).  ( PCNA immunoreactivity X400)

 

Fig. 16: A photomicrograph of a section in rat liver of group four(A) showing very few hepatocytes near the central vein (V) (black arrows), with positive 
nuclear immunoreaction for PCNA.(B) showing only two immunostained hepatocyte nuclei for PCNA, around the portal area (black arrows). (PCNA 
immunreactivity   X400)

 

Fig. 17: A photomicrograph of a section in rat liver of group five(A) showing  few dispersed hepatocytes' nuclei (black arrows), which are positive for PCNA, 
around the central vein (V).(B) showing only two hepatocytes with positive  nuclear immunoreaction (black arrows) close to the portal area, showing  the portal 
vein (PV) and hepatic artery (A) branches. (PCNA immunoreactivity. X400)
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Fig. 18: A photomicrograph of a section in rat liver of control group(A) showing positive cytoplasmic immunostaining for VEGF in most hepatocytes around 
the central vein (V). Some nearby hepatocytes also show positive immunostaining (black arrows).(B) showing negative cytoplasmic reaction of all hepatocytes 
(black arrows) around the portal tract. (VEGF immunoractivity, X400)

 

Fig. 19: photomicrographs of a section in rat liver of group two immunostained for VEGF (A) revealing diffuse positive cytoplasmic immunoreaction of all 
hepatocytes (black arrows) around the central vein (V).(B) revealing diffuse positive cytoplasmic immunoreaction of all hepatocytes around the portal tract 
(black arrows). (VEGF immunoreactivity X400)

 

Fig. 20: A photomicrograph of a section in rat liver of group three immunostained for VEGF (A)showing midzonal hepatocytes and those around central 
vein (V) with positive immunoreaction(black arrows).(B) showing the portal area and the surrounding hepatocytes (black arrows) with negative cytoplasmic 
immunoreaction for VEGF. (VEGF immunoreactivity.    X400)
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Fig. 21: A photomicrograph of a section in rat liver of group four (A)showing positive cytoplasmic immunoreaction for VEGF in few hepatocytes mostly 
around central vein (black arrows). (B) showing hepatocytes around portal tract with negative cytoplasmic immunoreaction for VEGF (black arrows). (VEGF 
immunreactivity   X400)

 

Fig. 22: A photomicrograph of a section in rat liver of group five(A) revealing VEGF positively immunostained hepatocytes (black arrows) mostly around the 
central vein (V). (B) revealing all  hepatocytes around the portal tract, with negative VEGF immunostaining (black arrows). (VEGF immunoreactivity.    X400)

 

Fig. 23: A photomicrograph of a section in rat liver of control group (A)showing only cytoplasmic immunostaining in the cytoplasm of smooth muscle of 
the wall of the central veins (V).(B) showing only cytoplasmic immunostaining in the cytoplasm of the smooth muscle of the vessel wall  in the portal area. 
(α-SMA immunoreactivity.    X400)
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Fig. 24:  photomicrographs of a section in rat liver of group two showing spindle shaped cells with positive cytoplasmic immunostaining for α-SMA (red 
arrows) in the wall of blood sinusoids. α-SMA immunoreactivity X1000

 

Fig. 25: Photomicrographs of a section in rat liver of group two showing branched cells (red arrows) with positive cytoplasmic immunoreaction for α-SMA 
scattered among the vacuolated hepatocytes (zigzag arrows).                                
A: α-SMA immunoreactivity X400                 B: α-SMA immunoreactivity X1000

Fig. 26: A photomicrograph of a section in rat liver of group two showing α-SMA positive flat cells (red arrows) among the vacuolated hepatocytes (zigzag 
arrows). (α-SMA immunoreactivity.    X400)
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Fig. 27: A photomicrograph of a section in rat liver of group three(A) showing only cytoplasmic immunoreaction  in the cytoplasm of smooth muscle of the 
central vein (V). (B) showing only cytoplasmic immunoreaction in the smooth muscle of the vessel wall in the portal tract.  (α-SMA immunoreactivity. X400)

 

Fig. 28:  A photomicrograph of a section in rat liver of group four(A) showing only cytoplasmic immunoreaction in the smooth muscles of the wall of the 
central vein (V).(B) showing only cytoplasmic immunoreaction in the smooth muscles of the vessel walls in the portal area. (α-SMA immunoreactivity. X400)

 

Fig. 29: A photomicrograph of a section in rat liver of group five(A) revealing cytoplasmic immunoreaction for α-SMA in the wall of the central vein (V).(B) 
revealing positive cytoplasmic immunoreaction of smooth muscles of the vessel wall in the portal tract. (α-SMA immunoreactivity.    X400)
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Table 1: The mean ± SD of the LW/BWR of the different groups 
(%) and their relation to the control

Group Mean LW/BWR (%) SD

Group I (control) 4.51 0.05

Group II (D3) 2.16■ 0.12

Group III (D7) 3.28▼■ 0.26

Group IV (D14) 4.16▼■ 0.20

Group V (D21) 4.74▼ 0.34
Where D=day, SD= standard deviation.
■ = significant when compared to control
▼= significant when comparing each group with previous one

Table 2: The mean ± SD of the area % of PCNA positive reaction 
of the different groups and their relation to the control

Group Mean LW/BWR (%) SD

Group I (control) 3.95 1.02

Group II (D3) 18.06■ 2.01

Group III (D7) 8.89▼■ 1.43

Group IV (D14) 3.92 1.04

Group V (D21) 3.99 1.04
Where D=day, SD= standard deviation.
■ = significant when compared to control
▼= significant when comparing each group with previous one

Table 3: The mean ± SD of the area % of VEGF positive reaction 
of the different groups and their relation to the control

Group Mean LW/BWR (%) SD

Group I (control) 2.55 0.96

Group II (D3) 68.21■ 5.07

Group III (D7) 35.05▼■ 4.81

Group IV (D14) 2.47 0.96

Group V (D21) 2.48 0.88
Where D=day, SD= standard deviation.
■ = significant when compared to control
▼= significant when comparing each group with previous one

Table 4: The mean ± SD of the area % of α-SMA positive reaction 
of the different groups and their relation to the control

Group Mean LW/BWR (%) SD

Group I (control) 3.24 1.41

Group II (D3) 12.36■ 3.85

Group III (D7) 3.17 1.48

Group IV (D14) 2.86 1.12

Group V (D21) 2.96 1.47
Where D=day, SD= standard deviation.
■ = significant when compared to control
▼= significant when comparing each group with previous one

Histogram 1: Showing the mean liver weight /body weight ratio of the 
different groups (%) in comparison to the control group.

■ = significant when compared to control

▼= significant when comparing each group with previous one

Histogram 2: Showing the mean area % of PCNA of the different groups 
in comparison to the control group.

■ = significant when compared to control.

▼= significant when compared to group II.

Histogram 3: Showing the mean area % of VEGF of the different groups 
in comparison to the control group.                

■ = significant when compared to control.

▼= significant when compared to group II.
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Histogram 4: Showing the mean area % of α-SMA of the different groups 
in comparison to the control group.

■= significant when compared to control.

DISCUSSION                                                                             

Hepatocellular carcinoma ranks the fifth in frequency, 
among all malignancies, all over the world. It is the third 
most common cause of cancer mortality, with about 500,000 
cancer related deaths annually. Hepatocellar carcinoma is 
resistant to both cytotoxic chemotherapy and radiotherapy, 
leaving surgery the main therapeutic approach[20]. Most 
hepatectomies are performed for the treatment of hepatic 
neoplasms, both benign or malignant. Benign neoplasms 
include hepatocellular adenoma, hepatic hemangioma and 
focal nodular hyperplasia. The most common malignant 
neoplasms of the liver are metastases; those arising from 
colorectal cancer are among the most common, and the 
most amenable to surgical resection. The primary malignant 
tumour of the liver is the hepatocellular carcinoma. 
Hepatectomy may also be the procedure of choice to treat 
intrahepatic gallstones or parasitic cysts of the liver. Partial 
hepatectomies are also performed to remove a portion of a 
liver from a live donor for transplantation[1]. 

The objective of this study was to establish an animal 
model of liver regeneration after partial hepatectomy to 
investigate the regenerative phenomenon at different time 
intervals and to elucidate the role of hepatic stellate cells 
(HSCs) and angiogenesis in this type of liver regeneration 
after PH. In the current study, liver regeneration was 
induced by surgical resection of about 70% of the liver 
parenchyma according to the technique first described[14].

The choice of partial hepatectomy as a model for liver 
regeneration depended on many aspects. The removal of the 
resected tissue was not associated with massive necrosis or 
inflammation, when compared to the acute inflammation 
and necrosis produced by other methods that use hepatic 
toxins such as carbon tetrachloride. The operation could be 
also, performed in a few minutes with immediate initiation 
of the regenerative response so; it can be well timed from a 
specific starting point. Subsequently, precise and accurate 
calculation and evaluation of the regenerative process can 
be obtained[9and21].

The 70% partial hepatectomy is the most often used 
model because it is simple, easy, reproducible and well 

tolerated by the rats without postoperative mortality[22]. In 
addition, regeneration of liver tissue has a threshold of 30% 
partial hepatectomy (PH), below which, liver regeneration 
slows down[23], whereas an 80% PH leads to failure of liver 
regeneration and a high mortality rate[24].

As regard to the gross results observed in the present 
work, marked pallor of the liver tissue was observed in 
group II and not in the other groups. Mild adhesions of the 
liver to the diagram and adjacent abdominal organs were 
also, noted in the same group. Extensive adhesions were 
observed in group III and IV which decreased in group V 
to become minimal. In addition, yellowish discoloration at 
the resected stump was seen in all groups. These findings 
were consistent with those obtained by some researchers[25]

who reported similar results after PH in dogs, in addition 
to the fatty degeneration seen at the surgical stump as a 
complication of the operation. Previous study also, reported 
pallor of the liver tissue and its adhesion to the peritoneal 
cavity after PH in rats[26].

At day three, there was a significant decrease (P< 0.05) 
in the mean liver weight to body weight ratio (LW/BWR) 
when compared to the control group. At days 7, 14 and 
21, there was gradual significant increase (P< 0.05) in the 
mean LW/BWR that reached the control level only at day 
21 with no significant difference (P>0.05) as compared to 
control. This could indicate proliferation and regeneration 
of the remaining two liver lobes so that, the LW/BWR 
was restored and reached the control number 21days 
postoperatively. This was in agreement with some authors 
who found that reconstitution of the liver mass took place 
2-3 weeks after PH in rats[27].

However, other investigators reported that the 
restoration of the original liver mass took place at different 
time intervals after PH. In addition, reported an increase 
in the LW/BWR that reached the control value 7days after 
70% PH in mice[28]. They showed that the majority of the 
liver weight occurred by postoperative day 4 and the entire 
mass of the original liver was reconstituted by postoperative 
day 8 following 2/3 PH in mice. Other researcher detected 
an increase in the LW/BWR 12 hr after PH in mice and 
most of liver mass was restored by day 7[29].  Moreover, an 
increase in the LW/BWR after 70% PH in rats, which had 
returned to the preoperative levels by 14 days[30].

Many explanations were mentioned as reasons for 
the increase in the weight of the liver. In addition to the 
regeneration of hepatocytes, many authors attributed the 
increase in liver weight to other factors. Previous study 
proved that this increase was due to the lymphocyte 
generation in the liver itself during the early phase of liver 
regeneration (12 hours postoperative)[31]. Some authors 
rationalized the increase in liver weight to the increase in 
the portal inflow. They declared that proper portal supply of 
either venous or arterial source could initiate and maintain 
liver regeneration[32]. This was evident in this work where 
congestion of the blood sinusoids, portal vein branches 
and central veins were clearly observed in the studied 
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groups. It was explained that the increase in liver weight 
was due to hepatocyte hypertrophy caused by partial lipid 
and glycogen accumulation within hepatocyte cytoplasm. 
However, the lipid and glycogen amount returned to normal 
levels by the completion of liver regeneration[33]. This could 
be confirmed in the current study where vacuolation of the 
hepatocyte cytoplasm was early observed in group II.

Some researchers demonstrated that the restoration 
of the lost liver mass was correlated with the number 
of proliferating hepatocytes. They suggested that the 
gain of liver weight depended principally on hepatocyte 
proliferation which constituted a fundamental cellular 
mechanism responsible for hepatic regeneration after PH[29]. 
However, it was reported that the increase in hepatocyte 
number alone, could not account for the increase in the 
liver weight. Moreover, a combination of an increase in 
hepatocyte size and number could account for the increase 
in liver weight after 70% PH[34].

Regarding the H and E results in the present study, 
in group II (three days postoperative), vacuolation of the 
hepatocyte cytoplasm was observed and not in the remaining 
groups. This was in accordance with some authors who 
reported vaculation within the hepatocyte cytoplasm 
8 weeks after PH in dogs, and observed macrovesicular 
steatosis early after PH in mice[25and35]. These vaculations, 
together with the grossly apparent liver pallor in this group 
could indicate fatty accumulations which physiologically 
occur in early regeneration following PH in rodents. 
Previous study reported that transient fatty liver occurs 24h 
to 72 h after PH in rats and disappears spontaneously[21and36]. 
This was thought to represent a metabolic adaptation of 
hepatocytes, so that the emerging new ones would have 
readily available energy and material they could use to 
build cellular membranes. They added that the regenerative 
process is greatly dependent on caveolin protein which is 
concerned with the physiological accumulation of fat.

However, some authors attributed these vacuolations 
to ultrastructural alterations of the cytoplasmic organelles 
of hepatocytes accompanied by decreased glycogen and 
increased lipid content in the cytoplasm[37]. Other study 
explained the vaculations seen within the hepatocytes 
cytoplasm 8 weeks after PH in dogs, by vacuolar 
degeneration caused by the hypoxia resulting from the 
regenerated hepatocytes that need more oxygen and 
nutrition than the available amount[25]. Moreover, previous 
researchers observed macrovesicular steatosis early after 
PH in mice and explained it by failure of the enzyme 
system to metabolize lipids[38].

Hepatocyte swelling was noted in groups II and III; 
while apparently normal hepatocytes were seen in the 
remaining two groups. These findings agreed with some 
authors who observed similar results[35]. Hypertrophy of 
hepatocytes may be a major component of the regenerative 
process, which may precede or coincide with hepatocyte 
proliferation. Hepatocytes hypertrophy was predominant 
after 30% PH, however a combination of both hypertrophy 
and hyperplasia was present after 70% PH[34].

Moreover, loss of the neatly arranged hepatocytes was 
noted three days postoperatively (group II), which appeared 
to be more regularly arranged in the following groups. 
This was similar to previous authors who noted disturbed 
hepatocyte arrangement and clustering. This could indicate 
remodeling of the hepatic lobular architecture, which was 
temporarily distorted by the regenerative response[38]. 

In the present work, HandE stained sections revealed 
rapid activity of mitosis detected mostly on third 
postoperative day. Different hepatocytes were seen in 
different stages of mitosis which were randomly distributed 
in the liver lobules with no specific localization. These 
mitotic figures could explain the early onset of liver 
regeneration immediately after PH. The early onset of liver 
cell proliferation after partial hepatectomy was documented 
by other investigators[39] reported a peak of the proliferative 
index 12-36h after PH up to 48 hours postoperatively.
Some researchers stated that after 70% PH, the hepatocytes 
tended to proliferate in the periportal regions and the peak 
of mitosis was reached 36 hours postoperatively[40].

In the present study, multiple hepatocytes with pale 
cytoplasm were observed on third day after PH. This 
finding was consistent with other studies which reported 
avascular hepatocyte clusters.  Some authors confirmed the 
presence of nonvascular hepatocyte clusters at day three 
and seven, while others reported these finding at day two 
and three after PH. They explained their formation by the 
early onset of hepatocyte proliferation after PH and later 
on proliferation of nonparenchymal cells (NPCs) which 
was delayed for 24 hour after hepatocyte proliferation. 
This chronological order of cell proliferation resulted in 
the formation of avascular hepatocyte islands throughout 
the liver lobule[38and41]. 

Dilatation and congestion of the portal vein branches 
and blood sinusoids were observed in group II while, 
dilation of the central vein and blood sinusoids was 
observed in group III. The central vein, blood sinusoids 
and portal vein branche of group IV were dilated and 
congested. This could be explained by the relatively more 
blood volume reaching the remaining two lobes after 
the operation.  In group V, the dilation and congestion 
were limited to the blood sinusoids alone which may be 
a compensatory mechanism to accommodate the more 
incoming blood, throughout life after PH, to minimize the 
central and portal venous pressure.  Previous researchers 
stated hemodynamic changes following 2/3 PH in rats. 
They postulated a threefold increase in the portal vein 
blood going to the residual lobes following the operation. 
After 2/3 PH, the entire portal circulation continues to 
traverse through a liver reduced to 1/3 of its original size 
so, the portal blood flow per hepatocyte or unit liver mass 
increased 3 folds after 2/3 PH[9]. 

In group II, the blood sinusoids are numerous, distorted, 
wider and shorter with interrupted course when compared 
to control group which appear straight and relatively 
maintain constant sinusoidal width along its course. This 
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could point to the formation of new blood vessels which 
is interrupted by the proliferating islands of hepatocytes. 
Previous authors demonstrated that sinusoidal dilatation, 
loosening of endothelial cells and increased porosity were 
the first steps in angiogenesis and new vessel formation[42]. 
This was evident in the current result which showed 
marked sinusoidal dilatation in groups II, III and detached 
endothelial cells in group III only. In addition, the fatty 
accumulation reported in group II could be considered as a 
land mark for increased porosity and fenestration diameter 
which allowed greater access for chylomicrons into space 
of Disse and hepatocytes[43].

Regarding nonparenchymal cells, the present study 
revealed wide distribution of von Kupffer cells (KCs) in 
the sinusoidal wall, mainly in groups II and III. In addition, 
they had heterogenous cytoplasm and nuclei with variable 
degrees of chromatin condensation denoting activity 
of Kupffer cells. This finding may go parallel with the 
increased proliferation of hepatocytes. This could point 
to the integrative role of KCs and hepatocytes and to the 
enhancing effect of KCs on liver regeneration after PH. 
Previous studies showed an inhibitory effect of KCs on 
the regenerative process, after PH. An inhibitory effect of 
KCs, as their selective depletion resulted in enhanced liver 
regeneration[44]. 

A stimulatory role of KCs on hepatic regeneration 
after PH by enhancing the expression of TNF-α, IL-6 
and HGF. Moreover, KCs had a stimulatory effect on 
liver regeneration, greatly dependant on macrophage 
colony stimulating factor (M-CSF) whose deficiency 
resulted in marked reduction in the number of KCs and 
inhibition of hepatocyte proliferation[45and46]. Previous 
authors elucidated the role of KCs in liver regeneration. 
They demonstrated that KCs are a major source of both 
pro-proliferative andanti-proliferative mediators that could 
be encountered in both stimulatory and inhibitory effects 
during regeneration. They attributed the discrepancy in 
the previous results to the difference of the time factor.   
Kupffer cell depletion whether, before or after PH could 
affect the regenerative process. The activity of KCs during 
early regeneration was marked in the early priming phase, 
but decreased after seven days postoperatively, in the late 
termination phase[47and48].

Enlargement of the sinusoidal endothelial cells was 
reported in groups II and III. Few endothelial cells were 
seen detached in group III which may be attributed to the 
haemdynamic changes and sinusoidal shear stress caused 
by the increased portal flow after PH. These findings run 
parallel with those of some authors who proved activation 
of hepatic SECs early after PH due to the higher sensitivity 
of SECs to the increased portal flow. They clarified their 
vital role in supplying nutrients and growth factors to the 
proliferating hepatocytes through the formation of new 
vessels during regeneration[49]. Endothelial cell enlargement 
may be associated with the hepatocyte hypertrophy and 
the wide distribution of Kupffer cells, observed in the 
same two groups, as a component of the regenerative 

phenomenon. Both hepatocytes and nonparencymal cells 
are quiescent under normal conditions but were activated 
and proliferated up to 5 days after PH[50].

In only groups II and III, the portal area showed more 
branching of the bile ducts with apparently increased 
size and number of their epithelial lining, which could 
indicate a regenerative process within the biliary system. 
This regenerative process goes hand in hand with 
hepatocyte proliferation and could form an accessible 
drainage pathway for the bile secreted by the proliferating 
hepatocyte. Similar histological changes in the portal areas 
after PH in dogs have been reported[25]. Proliferation of the 
bile ducts could also, be controlled by oval cells[51].

In the current study, mononuclear cellular infiltrations 
around the portal area as well, scattered among the 
hepatocytes cords were reported in group V. These cellular 
infiltrations were observed late, 21 days postoperatively 
and not seen in the previous groups. They could be 
engaged or encountered in the termination process of liver 
regeneration as they might secrete certain mediators and 
cytokines that prevent the overshooting of the regenerative 
process impeding the formation of liver cancers. Working 
in mice, mononuclear cellular infiltrations, 4-12hrs, after 
PH up to the 7th day, the same day when the LW/BWR was 
restored[31]. Moreover, inflammatory cell infiltrates early 
after PH during the first 3 days postoperative[24].

Regarding the PCNA immunohistochemical results in 
the present work, the control sections revealed very few 
hepatocytes with positive immunoreaction. This result 
was consistent with previous authors who mentioned that 
approximately, one hepatocyte in 20,000 (0.005%) is in the 
mitotic phase of the cell cycle and the rest are quiescent[52].

Moreover, the current study revealed a significant 
increase (p<0.05) in the mean area % of PCNA positive 
reaction in groups II and group III, when compared to the 
control although, this increase was significantly lower 
(p<0.05) in group III when compared to group II. In groups 
IV and V, no significant difference (p>0.05) was noted 
when compared to the control. The PCNA results indicated 
early hepatocyte proliferation occurred as early as the 
first three days after PH which could be correlated with 
the mitotic figures detected in HandE stained sections in 
this group. This rate of hepatocyte proliferation decreased 
gradually to reach the normal proliferating rate around day 
fourteen.

These results were in accordance with those of some 
authors who studied hepatocyte  proliferation at different 
time intervals after PH in rats[38]. They found an increase 
in the hepatocyte proliferation, as shown by the hepatocyte 
proliferation marker (Ki67) expression, 2 days after PH 
and up to the fourth day.  Moreover, An increase in the 
PCNA expressing hepatocytes 24hr after PH in rats and 
decreased 5 days postoperativelyand high proliferation of 
hepatocytes, denoted by Ki 67 positive immunreaction, on 
day 2 and 4 after 70% PH in rats  have been reported[15and53]. 
Similarly, some researchers reported increased PCNA 
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expression in hepatocyte nuclei 3 day after PH in rats and 
decreased at day 7[10].

In the present study, proliferating cells after PH were 
observed in both periportal and pericentral regions at day 
3 postoperatively. This observation could be explained 
that initial hepatocyte proliferation started about 24 hour 
after resection in the periportal areas and then involved 
both periportal and pericentral areas by 36–48 hours, 
with completion of the hepatocytes replication after 
72 hours[21]. The periportal hepatocytes differed from 
those in the pericentral area in that they had different 
functional capacities caused by the higher concentrations 
of incoming oxygen, hormones and gut derived 
hepatotrophic factors which resulted in zonal distribution 
of hepatocytes proliferation[54and55]. Moreover, the 
existence of ultrastructural difference between periportal 
hepatocytes and pericentral ones, which led to  an increase 
in the reactive oxygen species (ROS) production after 
PH, due to mitochondrial alterations. The increased ROS 
played a significant role in the modulation of hepatocyte 
proliferation so, cell proliferation initiated in the periportal 
zone, and then proceeded into the pericentral vein region[56].

The distribution of the positive VEGF immunostained 
hepatocytes, in the present study, suggests that VEGF is 
normally secreted by the pericentral hepatocytes which suffer 
from lack of O2 and nutrition. After partial hepatectomy, 
the mean area percent of VEGF immunostaining showed a 
significant increase in groups II and III when compared to 
control. The VEGF immunoreaction was diffuse in group 
II, including all hepatocytes around central vein and those 
around the portal tracts while limited to midzonal and 
pericentral hepatocytes in group III. This may be consistent 
with the appearance of dilated, congested blood sinusoids 
in HandE in group II. The current results could point to 
the role of hepatocytes in secretion of VEGF early after 
PH. VEGF may aggravate new blood vessels growth to 
supply the rapidly growing masses of hepatocytes with 
nutrition and oxygen.  In the last two groups, IV and V, all 
hepatocytes showed negative VEGF immunoraction with 
no significant difference (p>0.05) when compared to the 
control. This could indicate that the requirements of liver 
regeneration, including hepatocyte proliferation as well 
as angiogenesis were completed by the first postoperative 
week and only remodeling of the extracellular matrix with 
redistribution of hepatocytes and restoration of the lobular 
structure of the liver occurred during the second two weeks.

These results were consistent with that obtained 
by some authors who reported positive cytoplasmic 
immunostaining, in control rats, limited to the pericentral 
hepatocytes around central vein[57]. In addition,some others 
reported that VEGF expression in periportal hepatocytes 
and reached a maximal level in both periportal and 
pericentral areas 48–72 hours after PH. They also, found 
marked increase in the expression of VEGF mRNA 
between 48 and 90 hours after 70% PH in rats, and 
decreased gradually in the following hours[58]. Morover, an 
increase in the hepatocyte expression of VEGF between 

days 3 and 4 that dropped at day 7, reaching almost the 
preoperative levels at day 14 postoperatively[38].

However, previous authors showed that VEGF 
expression started to increase, as early as 26 hour after 
PH with a peak at 28 hour. Furthermore, the hepatocyte 
proliferation showed an increase 50 h after operation. They 
concluded that the VEGF release by hepatocytes preceded 
the hepatocytes proliferation during liver regeneration 
after PH in mice, which was inconsistent with the current 
results[59].

Some researchers declared a complex paracrine 
interaction between hepatocytes and endothelial cells 
present during liver regeneration. Hepatocytes do not 
typically express VEGF receptors, although exogenously 
added VEGF has been shown to increase hepatocyte 
proliferation, suggesting a paracrine effect operating 
through the endothelial cells[28]. While others demonstrated 
that the importance of VEGF during liver regeneration 
was mediated through its receptor VEGFR1 and VEGFR2. 
VEGF binds to its receptors with subsequent proliferation 
of the endothelial cells which release growth factors such 
as IL-6 and hepatocyte growth factor (HGF) triggering 
angiogenesis and liver regeneration. Furthermore, blockage 
of VEGFR2 by intraperitoneal injections of anti-VEGFR-2 
antibodies led to impairment of liver regeneration[60]. 

The present study showed that VEGF expression in the 
regenerating liver reached peak at day 3 postoperatively 
and decreased gradually at day 7, which coincided 
with hepatocyte proliferation, as assessed by PCNA 
immunostaining. The parallel course of both PCNA 
and VEGF during this study could be explained by the 
importance of VEGF for early liver regeneration after 
PH. It seems to be a viscous circle as the proliferating 
hepatocytes secrete VEGF which stimulates further 
hepatocyte proliferation. 

As regard to the α-SMA, the control liver showed only 
positive cytoplasmic immunreaction in the cytoplasm of 
the smooth muscle of the vessels wall in the portal areas 
and central veins. A significant increase (p<0.05) in the 
mean area % of α-SMA positive immunoreactivity was 
reported on the third day (group II) postoperative while, no 
significant difference (p>0.05) was noted in groups III, IV 
and V as compared to the control group. 

In group II, in addition to the positive immunreaction 
in the vessels wall, the results showed flat branched cells 
with α-SMA positive immunreaction, in blood sinusoids 
and in between hepatocytes, denoting activated hepatic 
stellate cells. The presence of activated HSCs in between 
hepatocytes and their timing of activation which coincided 
with the appearance of hepatocytes clusters in HandE 
sections could indicate hepatocyte interaction with HSCs 
affecting each other. In addition, the presence of HSCs in 
blood sinusoids may indicate their role in remodeling of the 
blood sinusoids and restoration of normal liver sinusoidal 
structure. Parallel to the current results, some authors 
demonstrated that the sinusoidal localization of HSCs 
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with their long cytoplasmic processes promoted them to 
interact with adjacent cell types. They have direct contact 
with endothelial cells and interact with hepatocytes via 
microspines projecting from the cytoplasmic processes[61]. 

In the current work, activation of HSCs in group II was 
associated with marked expression of VEGF in the same 
group, and the significant decrease in the VEGF expression 
in group III was associated with inactivation of HSCs as 
denoted by α-SMA immunostaining. This chronological 
course could indicate interdependence between the 
activation of HSCs and VEGF expression. The release 
of several mediators, by HSCs, as TGF-β1 and PDGF, 
were known to have potent proliferative and angiogenic 
properties which increased the VEGF expression[28].

The finding of this study concerning α-SMA results 
were consistent with that of previous researchers who 
reported a clear increase in α-SMA expressing HSCs on 
day 1, after 70% PH in rats, which peaked on day 3 and 
declined again by day 7[38and41]. Some authors detected 
α-SMA expressing HSCs which were maximal at day 3 
after PH and decreased at day 14[62]. 

The results of negative immunohistochemical 
expression of α –SMA in group III were inconsistent 
with those of previous authors who detected positive 
immunohistochemical expression. This discrepancy 
may be attributed to little expression of α –SMA in 
the HSCs 7 days after PH that could not be detected by 
immunohistochemical techniques and further sensitive 
methods may be needed for detection[62].

In transgenic mice models, the finely tuned HSCs 
response is an important factor to ensure adequate liver 
regeneration as deficiently or uncontrolled activation of 
HSCs could translate into regenerative defects[63]. In mice 
with genetically lacking HSC functions, an insufficient 
HSCs activation with an abnormal liver repair[64]. On 
the other hand, in mice with genetic mutation in the α1 
(I) chain of type I collagen, persistent HSCs activation, 
progressive liver fibrosis,  in addition to failure of proper 
liver regeneration after CCl4 injury[65].

The role of HSCs in hepatocyte proliferation in primary 
culture models. They showed that HSCs might stimulate 
the hepatocyte proliferation through the generation of 
hepatocyte growth factor (HGF), Heparan sulphate (HS) 
and Heparan sulphate proteoglycans (HSPG)[66]. 

In more recent studies, the proliferative effects of HSCs 
on hepatocytes were confirmed by previous authors who 
found severe liver damage and decreased survival rate 
of the animals due to depletion of activated HSCs with 
gliotoxin. In addition, they reported a threefold increase in 
hepatocyte apoptosis and a 66% decrease in the number of 
proliferating ones. They added that depletion of activated 
HSCs inhibited oval cell reaction[67].

Collectively, regarding the role of nonparenchymal 
cells in liver regeneration, the results showed that Kupffer 

cells were widely distributed three and seven days after PH, 
the same time intervals of hepatocyte proliferation  while, 
HSCs were activated only three days postoperatively. This 
could point to an integrative role between hepatocytes 
and nonparenchymal cells. Kupffer cells could play a 
role in stimulating hepatocyte replication three days 
postoperatively and terminating it at day seven as noted 
by PCNA assessment. Kupffer cells are predominant 
source of both stimulatory (TNF and IL-6) and inhibitory                                                                                                  
(TGF- β) mediators that are secreted early during 
hepatocytes replication. However, the regenerating 
hepatocytes are transiently resistant to TGF-β's inhibitory 
action that may result from down-regulation of the receptors 
or upregulation of signalling inhibitors[68]. Hepatic stellate 
cells could be involved in the establishment of the 
sinusoids and their walls that will supply the proliferating 
hepatocytes. This could be supported by some authors who 
mentioned that HSCs could secrete extracellular matrix 
3-4 days after PH to reestablish the connection between 
hepatocytes and the sinusoidal epithelium[69].
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الملخص العربى

دور الخلايا النجمية الكبدية وتكوين الأعية الدموية في تجدد 
أنسجة الكبد بعد الاستئصال الجزئى للكبد في ذكور الجرذان البالغه 

البيضاء: دراسة هستولوجية وهستوكيميائية مناعية

سعاد جيمى تادروس١، داليا محمد المراكبي٢، مها محمد ابو جازيه٢، أحمد عبد الرحمن مرسي٣

قسم الهستولوجيا- كليه الطب –جامعه القاهره١ – جامعه كفر الشيخ٢ – جامعه الفيوم٣

المقدمـــة: تناول هذا البحث دراسة استجابة الكبد للتجدد بعد الاستئصال الجراحى الجزئى لحوالي ٧٠% من أنسجته 
في الجرذان البيضاء البالغة، كما تناول البحث متابعة عملية التجدد، من خلال وجود مراحل مختلفة من انقسام الخلايا 
وظهور مستضد الخلية النووي التكاثرى، وربطها بدور الخلايا النجمية الكبدية وكذلك التكوين الجديد للأوعية الدموية.
مواد وطرق البحث: استخدم في هذه الدراسة عدد ٤٠ جرذا من ذكور الجرذان البيضاء البالغة، وقد قسمت هذه الجرذان 
إلى ٥ مجموعات، كلا منها اشتمل على ٨ جرذان. المجموعة الأولى، وهى المجموعة الضابطة حيث تم تعريضهم 
لعملية صورية، أما باقى الجرذان فقد أجريت لهم جميعاً عملية استئصال لـ ٧٠% من الكبد ثم تم التضحيه بهم على 
فترات مختلفة بعد عملية الإفاقة، بعد ٣ أيام )المجموعة الثانية(، بعد ٧ أيام )المجموعة الثالثة(، بعد ١٤ يوم )المجموعة 
الرابعة(، ٢١ يوم )المجموعة الخامسة(. وعند الوقت المحدد، تم استخراج الكبد المتجدد ووزنه، ثم تثبيته في محلول 
بالهيماتوكسيلين والإيوسين، والصباغات  الفورمالين، وجهزت منها قطاعات شمعية )سمك ٥ ميكرون( وتم صبغها 
الهيستوكيميائية المناعية للكشف عن وجود مستضد الخلية النووي التكاثرى، عامل النمو البطانى الوعائى وألفا أكتين 
زيادة  أظهرت  والتي  كله  الجسم  وزن  إلى  الكبد  وزن  نسبة  متوسط  لقياس  دراسات  تم عمل  وقد  الملساء.  العضلات 

تدريجية في هذه النسبة طوال فترة البحث إلى أن تم استعادة هذه النسبة إلى طبيعتها بعد ٢١ يوم.
التـركيـب  في  خـلل  حـدوث  عـن  والإيوسين  الهيماتوكسيلين  صبغة  باستخدام  الدراسة،  هذه  كشفت  النتائـــــج: 
خـلايـا  فـي  وإنقـسـام  تضـخـم  وجـد  حيـث  الثـانيـة(  )المـجمـوعـة  الجـراحـة  من  أيـام   ٣ بعـد  للـكبـد  الهيسـتولـوجـي 
الكبـد بالإضـافـة إلـى تجـمع موضعـي للخـلايـا المتجـددة، فجـوات فـي سـيتوبـلازم خـلايـا الكبـد، تضـخـم فـي أنـويـة 
الخـلايـا التـى أصـبحـت باهتـة اللـون، إحتـقـان فـي الـوريـد المـركـزي والبـابـي وجيـوب الـدم، تـضخـم و تـفرع فـى 
لجـيوب  المبـطنـة  الخـلايـا  في  كـوفـر وتضـخم  فـي خـلايـا  ملـحـوظ  إنتـشـار  إلـى  بالإضـافـة  الصفـراويـة  الـقنـوات 
الـدم. أمـا فـي المجـموعـة الثـالثـة، فقـد لـوحـظ إستـعـادة جـزئيـة للتـرتيـب الهـيستولـوجي لخـلايـا الكـبد مع إستـمرار 
التـضخم في تـلك الخـلايـا وأنـويتها والتـى مـازالـت باهتـة اللـون. فـي المـجموعتـين الرابعـة والخـامسـة، أصـبحت 
خـلايـا الكـبد قـريبـة جـدا من نظيـرتها فـي المجـموعـة الضابطـة مـن حيـث الحـجم والأنـويـة والسـيتوبـلازم، بخـلاف 

وجـود إحـتقان فـي جـيوب الكـبد فـى الـمجمـوعتيـن، وتغـلل للخـلايـا أحـاديـة النـواة فى المجـموعـة الخـامسـة فـقـط.
التفـاعـل  تبيـن وجـود زيـادة ذات أهــمية إحـصـائيـة فـي  فقـد  المنـاعيـة،  الهيـستوكيميائيـة  بـإسـتخـدام الصبـغـة  أمـا 
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مـن  أيـام  ثلاثـة  بعـد  الكبـد  خـلايـا  أنـويـة  ظـهرفـي  الـذي  التـكاثـري  النـووي  الخليـة  لمستـضـد  المضـاد  المنـاعـي 
الجـراحـة فـي المـجموعـة الثـانية وذلـك عنـد مقارنتـه بالمـجموعـة الضـابطـة. فـي المـجموعـة الثالثـة، وجـد إنـخفـاض 
ذو دلالـة إحـصائيـة فـي ذات التـفاعـل وذلـك عنـد مقارنتـه بالمـجموعـة الثانيـة وفـي الوقـت ذاتـه، تبيـن زيادتـه عند 
مقارنتـه بالمـجموعـة الضابطـة بـعـد إسـتخـدام الصـبغـة المنـاعيـة لعـامـل النـمو البطـانـي الوعـائـي، فقـد أظـهرت 
فى  بينـما  الضـابطـة.  بالمـجموعـة  مقـارنتـها  عنـد  الثـانية  المـجموعـة  فـي  إحـصائـي  معنـى  ذات  زيـادة  الـدراسـة 
الثـانيـة، وفـي الوقـت  التـفاعـل عنـد مقـارنـته بالمـجموعـة  الثـالثـة، فـقـد تـبين إنـخفـاض هـام فـي ذات  المـجموعـة 
ذاتـه تبـين زيـادتـه بالمـقارنـة بـالمـجموعـة الضـابـطة. أخيـرا، بـالنسبـة  للصـبغـة المنـاعيـة لألفـا أكتـيـن العضـلات 
الملـساء, فقـد تـبين وجـود زيـادة ذات دلالـة إحـصائـية فـي المـجموعـة الثـانيـة بالمـقارنـة بالمـجموعـة الضـابطـة، أمـا 

بـاقي المـجموعـات، فـلا يـوجد إختـلاف إحـصائـي بالمـقارنـة بالمـجموعـة الضـابطـة.
الأستنتاج:

•  الاستئصال الجراحى الجزئى لحوالي ٧٠% من أنسجة الكبد أدى إلى استنفار عملية التجدد والانقسام في الجزء 	
إلى تجمع موضعى  أدى  الكبد  إنقسام خلايا  أن  تبين  المستئصلة. كما  الفصوص  لنمو  استعادة  بدون  المتبقى منه، 
للخلايا المتجددة في مراحل مبكرة بعد العملية، مع حدوث خلل في ترتيب خلايا الكبد والذى تم استعادته في الأيام 

التالية للجراحة.
•	 تبين نشاط واضح في الخلايا النجمية الكبدية والتي من الممكن أن يكون لها دور هام في تجدد الكبد حيث أنها قد 

تشارك في تكوين جدار جيوب الدم الجديدة.
•	 تبين أن تكأثر خلايا الكبد وتزامن مع ظهور عامل النمو البطانى الوعائى ونشاط الخلايا النجمية الكبدية، يؤكد أن 

تجدد الكبد عملية دقيقة تحتاج إلى تعاون مشترك بين خلايا الكبد المختلفة.
•	 في مجال زراعة الكبد، تبين من البحث إحتمالية عدم وجود مخاطر صحية على الأجزاء المتبقية من الكبد بالنسبة 

للمتطوعيين بالتبرع ، من تجدد كامل للأجزاء المستئصلة.
التوصيـــات:

•	 هناك حاجة ملحة لبذل قصارى الجهد لإبتكار أدوية جديدة وطرق جراحة تؤدى بدورها إلى تحفيز الكبد على التجدد، 
وبالتالي يمكن الاستفادة منه في ظروف طبية معينة تتطلب استحثاث الكبد على الانقسام، ومن ثم فإنه يتيح خيارات 

علاج جديدة لمرضى الكبد.
•	 هناك حاجة لإجراء أبحاث متقدمة ودراسات معملية للتعمق في معرفة دور الخلايا النجمية الكبدية في تجدد الكبد.


