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ABSTRACT

Background: Liver fibrosis is a major Egyptian health problem and a serious threat to human health.It is characterized by
repeated injury of the liver tissue resulting in the excessive accumulation of extracellular matrix. Liver is the only visceral
organ that possesses unique capacity to regenerate.

Aim of Work: To investigate the role of the regenerative capacity of the liver in restoring the normal structure after withdrawal
of carbon tetrachloride (CCL4) in mice.

Materials and Methods: A total number of thirty male healthy mice was used in the present study. The animals were
randomly divided into three groups (10 mice each): Group I: (control group = GI).Group I1: (CCL4 alone group = GII) were
injected 1 ml/kg carbon tetrachloride (CCL4) dissolved in olive oil (1:1) twice a week for 4 weeks intraperitoneally . At the
end of 4 weeks they were sacrificed. Group III (CCL4/recovery group=GIII): were injected with CCL4 as previous group,
then left for another four weeks without any intervention before sacrifaction. At the end of the experiment, the liver was
immediately dissected out and processed for histological and immunohistochemical examinations.

Results: In GII, there was marked disturbance of liver architecture in the form of marked cellular infilteration and vacuolation
associated with significant increase in the collagen and reticular fibers as well as increased expression of anti a-smooth muscle
actin in hepatic stellate cells. Proliferative cells were observed in excess as indicated by increase in immunofluorescent
staining of anti KI67. In GIII, moderate improvement was observed in liver architecture. Significant reduction in ALT and
AST was also observed. On the other hand, serum albumin level was significantly increased compared to (GII).
Conclusion: Withdrawal of CCL4 produced moderate improvement in the structure of the liver. As CCL4 chronic exposure
exceeds the regenerative capacity of the liver to restore the normal structure.
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INTRODUCTION and they produce excessive collagen that results in liver

. . . . fibrosis(®1.
The liver is a unique organ; it performs several

important functions such as detoxification, metabolic
activities and immunity!.

One of the serious Egyptian health problems is liver
fibrosis[. It is associated with increase in the formation of
extracellular matrix that results in many complications!,
such as ascites, variceal hemorrhage, and encephalopathy!.
Liver fibrosis is a result of many liver diseases as hepatitis
B and C (HBV and HCV) viral infection, malignant liver
tumors, and Wilson's disease*.

Liver fibrosis is induced in experimental animals by
Carbon tetrachloride (CCl4) that produces disturbance in
liver structure similar to human chronic diseases™.

Cells (HSCs). It can be activated and changed into
myofibroblasts when the liver is damaged. Myofibroblasts
are positive for alpha smooth muscle actin (a-SMA)
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Liver is a unique visceral organ that is characterized
by the ability to regenerate. Hepatocytes change from
being quiescent, they can quickly be activated and divided
to restore normal liver structure®. Few studies have dealt
with investigating the regenerative potential of the liver in
mice with liver fibrosis induced by CCL4 as regards the
hepatic stellate cells. We therefore aimed to investigate
this potential, after withdrawal of CCL4, on the liver
architecture.

MATERIALS AND METHODS

After approval of the institutional Committee of Ethics
in Assiut University, thirty male BALB/C healthy mice
(40 gm body weight each) were used in this study. They
were housed in clean capacious cages under strict care,
hygiene and appropriate temperature at the animal house
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of the faculty of Medicine, Assiut University. They were
fed standard diet and water.

Animals were divided randomly into the following
three groups (n=10): Group I: (control group = GI) mice
in this group divided into two subgroups: subgroup IA,
as a negative control (5 mice), they were left without
intervention. Subgroup IB, as a positive control (5 mice),
each animal was given 0.5 ml of olive oil (vehicle for
CCL4) twice a week for four weeks intraperitoneally.
Group II: (CCL4 group) mice were injected with CCL4
intraperitoneally!”? with 1 ml/kg carbon tetrachloride
(CCL4) (EI Nasr Pharmaceutical and Chemical Company
(Cairo, Egypt), dissolved in olive oil (1:1) twice a week
for 4 weeks. Group III: (CCL4/recovery group): mice
were injected with CCL4 as the previous group, then left
for another four weeks without any intervention before
sacrifaction. Mice were sacrificed after ether inhalational
anesthesia. Blood was taken from retro-orbital vein and
used to measure liver enzymes and albumin. The liver
specimens were taken and prepared for light microscopy.
Paraffin sections of 5 um thickness were obtained and
subjected to the following techniques: Histological criteria
were studied using Hematoxylin and Eosin stain. Collagen
fibers assessment was done using Masson trichrome stain
and reticular fibers by silver stain!'®. Immuno-histochemical
staining for: Alpha smooth muscle actin antigen using
anti - (o SMA) antibody (for detection of activated
HSCs!"12. Immuno-fluorescence staining for KI 67 using
anti-K167 antibody: for detection of proliferating cells.

For Immuno-Histochemical Staining

Sections were deparaffinized, rehydrated in descending
grades of ethyl alcohol down then distelled water.
Boiling of the tissue sections was done in 10 ml citrate
buffer in a microwave for 10 min for antigen retrieval.
Then the sections were left to cool for 20 minutes. The
primary antibody for o SMA (NB P1-30894, rabbit
monoclonal antibody, Novus-USA) was applied to the
sections in dilution of 1:100. Then, the sections were
incubated with secondary antibody (Biotinylated Goat
Anti-polyvalent) for 30 minutes at room temperature.
Incubation with "Streptavidin-Horseradish peroxidase"
was done for 15 minutes at room temperature (Ultra Vision
Detection System Anti-Polyvalent, HRP/DAB kit, Thermo
Scientific, USA, catalogue number TP-015-HA). Slides
were washed with distilled water after incubated at room
temperature for 15 minutes with diaminobenzidine (DAB)
chromogen. Counterstaining of slides was done with
Meyer’s hematoxylin. Dehydration, clearing, mounted
and examined by light microscopy. Positive and negative
controls were used. Control muscle was used as positive
control. For negative control staining, some sections were
incubated with PBS instead of the primary antibody. No
immunoreactivity was present in these sections.

For Immunofluorescence Staining

Staining was performed as previously described!!?,
using rabbit polyclonal antibodies (Ki 67, ab15580,

Abcam, UK), 1:200, dilution was used followed by
incubation with Alexa Fluor 647 conjugated secondary
antibody in 1:500 dilution in blocking buffer for 2 h at
room temperature (Alexa Fluor 647, Abcam,UK). Stained
sections were mounted with fluorescent mounting medium.
The reaction is nuclear for KI67. Thymus was used as
positive control for KI67 staining. An isotope control was
performed using rabbit-IgG with omission of the primary
antibody. The fluorescent images were captured using a
fluorescence microscope (Olympus microscope BXS51)
in Histology Department, faculty of Medicine, Assiut
university.

Biochemical Study

Blood samples were collected from the retro-orbital
venous plexus of all groups under mild anaesthesia,
using a fine heparinized capillary tube introduced into
the medical epicanthus of the mouse eye!'y. The serum
levels of Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT) and Serum albumin were assayed
by the method of Reitman and Frankel™, using the
commercial diagnostic kits.

Morphometric Study

Morphometric measurements!'®), were carried out using
a computerized image analyzer system software (Leica Q
500 MCO; Leica, Wetzlar, Germany) connected to a camera
attached to a Leica universal microscope at the Histology
Department, Faculty of Medicine, Assiut University. The
following measures were done:

The mean area percentage of collagen fibers and
reticular fibers, a SMA positive cells, KI67 positive cells in
the liver in Masson trichrome and silver stained sections, o
SMA and K167 immune stained respectively was measured.
The measurements were performed in 10 non-overlapping
fields at magnification of x40 and one to two sections were
taken from five different animals in each group.

Statistical Analysis

Data were expressed as mean and standard error
(SE) for the quantitative variable. Data were statistically
analyzed using statistical package SPSS version 22.
Comparisons between groups were done using ANOVA
(analysis of variance) followed by Tukey’s test for multiple
comparisons between groups. Significance was set at a P
value of less than 0.05 for all comparisons!!”.

RESULTS

I-Histological results
1- Control group (G1)

Histological examination of the liver in subgroup A
and IB showed nearly the same structures.

Examination of H&E stained liver sections of control
mice showed that, the liver cells were radiated from the
central vein in the form of cords toward the periphery
of the lobules. They were separated from each other
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by irregular vascular spaces, hepatic sinusoids. The
Hepatocyte appeared with acidophilic cytoplasm and large
central vesicular nucleus with prominent nucleolus. Some
hepatocytes contain two nuclei (Figurel). At the periphery
of hepatic lobule portal tracts were present, each tract
contained branches of portal vein, hepatic artery and bile
duct (Figure 2). With Masson trichrome stain, scanty fine
collagen fibers were observed around the central vein. No
collagen fibers were observed between the hepatocytes
(Figure 3). With Silver stain, few brown reticular fibers
were observed in the wall of central vein and between the
liver cells (Figure 4)

2- CCLA4 Treated Group (GII)

In H&E stain, the liver revealed disturbed architecture.
Most of the hepatocytes had vacuolated cytoplasm. Many
nuclei showed karyorrhexis, while other cells appeared
with illdefined nuclei (Figure 5). Dilated central vein with
intense cellular infiltration around it. Many hepatocytes
appeared with dense nuclei and deeply acidophilic
cytoplasm. Kupffer cells engulfing brown pigment were
observed (Figure 6). Portal tract appeared not affected
(Figure 7).

With Masson trichrome stain, increase in the collagen
fibers was noticed around central vein and in between liver
cells (Figure 8). With Silver stain, there was increase in the
reticular fibers in the wall of central vein and in between
the liver cells. It appeared as short thick brown to black
fibers (Figure 9).

3- Recovery group (GIII)

Withdrawal of CCL4 for one month led to a moderate
improvement in liver structure. There was a decrease
in the cellular infiltration around the central vein. The
hepatocytes had either vacuolated cytoplasm or deeply
acidophilic cytoplasm and dense nuclei (Figure 10).

With Masson trichrome stain, thick collagen fibers was
noticed around the central vein and in between liver cells
(Figure 11).With Silver stain, numerous reticular fibers
were observed, but they were finer than group II, in the
wall of central vein and between the liver cells (Figure 12).

Immunohistochemistry Results

Immunostaining of a-SMA: In group I, positive dark
brown immunoreaction to anti a-SMA was seen in the
media of central veins. No positive reaction was detected
between the liver cells (Figure 13). In group II, there was
a highly positive peri-sinusoidal reaction (Figure 14).
In group III, there was a decrease in the positive peri-
sinusoidal reaction compared to group II (Figure 15).

Immunofluorescence Results for K167

In group I, few positive nuclei of hepatocytes were
observed (Figure 16). In group II, many positive nuclei
were observed in the hepatocytes (Figure 17). In group III,
few positive nuclei were detected but more than group I
(Figure 18).

II-Biochemical results

Serum ALT and AST showed a significant high level
in CCL4 treated group. The recovery group showed
significant level reduction (Table 1,2; Histogram 1,2).

There was a significant reduction of serum albumin
of rats in CCL4 and recovery groups as compared to the
control group. (Table 3, Histogram 3).

III-Morphometric results

The area percentage of collagen fibers was significantly
higher in GII compared with other groups (Table 4,
Histogram 4). The area percentage of reticular fibers was
significantly higher in GII compared with other groups
(Table 5, Histogram 5). The area percentage of a-SMA-
positive cells was significantly higher in GII compared
with other groups (Table 6, Histogram 6). The number of
KI67-positive cells was significantly high in GII compared
with other groups (Table 7, Histogram 7).

4

Fig.1: A photomicrograph of a section of the liver of G1 male
mouse showing hepatic cords radiating from the central vein (C)
and separated from each other by hepatic sinusoids (S). Note
hepatocytes (H) with vesicular nuclei. Some hepatocytes contain
two nuclei (arrow). H&E, x 400

Fig.2: A photomicrograph of a section of the liver of G1 male
mouse showing a portal tract with branches of hepatic artery (A),
portal vein (V) and bile duct (B) surrounded by connective tissue
(arrow head). H&E x 1000
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Fig.3: A photomicrograph of a section of the liver of G1 male
mouse showing the scanty fine collagen fibers (arrow) around
central vein. Notice:No collagen fibers are observed between the
hepatocytes. Masson trichrome x400.

Fig.4: A photomicrograph of a section of the liver of GI male
mouse showing few brown reticular fibers are observed in
the wall of central vein (arrow) and between the liver cells
(arrowhead). Silver stain x400

Fig.5: A photomicrograph of a section of the liver of groupll
male mouse, showing that most of the hepatocytes have
vaculated cytoplasm (v). Many nuclei show karyorrhexis
(arrorhead). Other cells appear with illdefined nuclei (arrow).
H&E % 400.

Fig.6: A photomicrograph of a section of the liver of group II
male mouse, showing cellular infilteration (arrows) around the
central vein. Notice many cells appear with deeply acidophilic
cytoplasm and dense nuclei (arrow head). Also, Kupffer cells
engulfing brownish pigment are observed (*). H&E x 400.

Fig.7: A photomicrograph of a section of the liver of group II
male mouse, showing that the portal tract appear not affected.
Notice, portal vein (v), bile duct (B). Also, many vacuolated cells
are observed (arrow). H&E x 400

Fig.8: A photomicrograph of a section of the liver of group Il male
mouse, showing increase in collagen fibers deposition (arrows)
around central vein and between the hepatic cells(arrowhead).
Masson trichrome x400
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Fig.9: A photomicrograph of a section of the liver of group II
male mouse, showing increase in the reticular fibers in the wall
of central vein (arrow) and in between the liver cells. It appear as
short thick fibers (arrowhead). Silver stain x 400

Fig.10: A photomicrograph of a section of the liver of group
Il male mouse, showing decrease the cellular infilteration
around the central vein (arrow). Some hepatocytes have
vacuolated cytoplasm (V). Notice: some cells with deeply
acidophilic cytoplasm and dense nuclei (arrowhead).
H&Ex400

male mouse, showing thick collagen fibers deposition around the
central vein (arrow) and in between the liver cells (arrowhead).
Massson trichrome x400.

Fig.12: A photomicrograph of a section of the liver of group III
male mouse, showing numerous reticular fibers, they are finer
than group II. It appears in the wall of central vein (arrow) and
between the liver cells (arrowhead). Silver stain x400
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Fig.13. A photomicrograph of a section of the liver of group I
male mouse, showing that positive dark brown immunoreaction
is seen in the media of the central vein (arrow).No positive
reaction is detected between the liver cells. Anti- a-SMA
immunostainingx 1000
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Fig.14. A photomicrograph of a section of the liver of group II
male mouse, showing a highly positive reaction peri-sinusoidal
(arrow). Anti- a-SMA immunostainingx 1000




REGENERATIVE POTENTIAL IN CCL4 INDUCED LIVER FIBROSIS IN MICE

- J B VRN
g -
' e 5
'7. - A "
iy L £ } ‘;‘ ‘
» , «;“,‘ " y ‘i‘ »
> . /g
£ R \ > - - %
b - 43 e K v
ew 2 i 4 V-
O .-l' : % " - <
2 g A o
§.c . 4
A
. \ -
S 3

an - . -

Fig.15: A photomicrograph of a section of the liver of group
III male mouse, showing decrease in the positive reaction

perisinusoidal (arrow). Anti-a-SMA immunostainingx 1000
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Fig.16: A photomicrograph of a section of the liver of group I
male mouse, showing few scattered positive nuclei (arrow). Anti-
KI 67 immunofluoresence x400

@

Fig.17: A photomicrograph of a section of the liver of group Il male

mouse, showing multiple scattered positive nuclei are observed in
the hepatocytes (arrow). Anti-KI167 immunofluoresence x400

O

Fig.18: A photomicrograph of a section of the liver of group III

male mouse, showing relatively few positive nuclei of hepatocytes
in comparison to group I (arrow). Anti-KI167 immunofluoresence

x400

Table 1: Mean values (£SE) of ALT level in the studied groups

(U/L)

ALT (U/L) Control CCL4 alone CCLA4/ recovery
Mean + SD 39.80+0.84  68.80+5.40 47.60 +1.67
Range 39.0-41.0 63.0-77.0 45.0-49.0
P-value' 0.009* 0.008*
P-value’ 0.009*
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Histogram 1: comparing the mean values of ALT level in the

studied groups.

Table 2: Mean values (£SE) of AST level in the studied groups

(U/L)
ALT (U/L) Control CCL4 alone CCLA4/ recovery
Mean + SD 251.00 £2.65 478.20+2.77 385.40 £ 3.51
Range 248.0-255.0 474.0-481.0 380.0 - 389.0
P-value' 0.009* 0.009*
P-value’ 0.009*
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Histogram 2: comparing the mean values of AST level in the
studied groups

Table 3: Mean values (= SE) of Albumin level in the studied
groups (g/dl)

ALT (U/L) Control CCL4 alone CCL4/ recovery
Mean + SD 1.42+0.11 1.06+0.11 1.24 +£0.09
Range 1.3-1.6 09-1.2 1.1-13
P-value' 0.008* 0.016*
P-value’ 0.032%*
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Histogram 3: Comparing the mean values of Albumin level in
the studied groups

Table 4: Mean values (+SE) of area percentage of collagen fibers
in the studied groups

Control CCL4 alone CCLA4/ recovery
Mean + SD .96+.29 20.37+ .59 1299 +1.15
P-value' 0.000%* 0.000*
P-value? 0.000*

Mean area percentage of collagen
g

WL ==

control COL4 alone

CCLArecovery
Histogram 4: Comparing the mean values of area percentage of

collagen fibers in the studied groups

Table 5: Mean values (£SE) of area percentage of reticular fibers
in the studied groups

Control CCLA4 alone CCL4/ recovery
Mean + SD 1.40+.057 15.05 + .88 13.23+.75
P-value' 0.000* 0.000*
P-value’ 0.274

15,000

Mean area percentage of reticular fibers

control CCLANecovery

Histogram 5: Comparing the mean values of area percentage of
reticular fibers in the studied groups

Table 6: Mean values (£SE) of area percentage of a- SMA in the
studied groups

Control CCL4 alone CCL4/ recovery
Mean + SD 1.50+.05 9.45+ .56 4.00+ .28
P-value' 0.000* 0.003*
P-value’ 0.000*
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Histogram 6: Comparing the mean values of area percentage of
o- SMA in the studied groups

Table 7: Mean values (+SE) of number of K167 positive cells in
the studied groups

Control CCL4 alone CCLA4/ recovery

Mean £+ SD 6.00+.57 16.66=+ 1.85 12.00 £ 1.15
P-value' 0.001* 0.33
P-value’ 0.08
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Histogram 7: Comparing the mean values of number of KI67
positive cells in the studied groups

DISCUSSION

The liver plays a major role in maintaining the general
homeostasis of the body, the general metabolism, the
storage, synthesis and redistribution of nutrientst':'1,

This study investigated the regenerative potential of the
liver in mice after induction of liver fibrosis by CCLA4.

In the present study, few hepatocytes expressed positive
immunofluorescence for K167 in the control group, similar
observations were reported in mice”, using PCNA-
immune staining. This finding indicated that normal
hepatocytes replicated in a limited number and regulated
manner?!,

Accumulated hepatic toxins was found to induce
chronic liver injury which, can leads to liver fibrosis,
resulting in excessive increase in the extracellular matrix
(ECM) with accumulation of collagen®®*?,

Carbon tetrachloride (CCL4) is the most widely
accepted hepatotoxin used by many researchers to study
liver fibrosis in rodents. Several studies reported CCL4
model of liver fibrosis either in rats or mice. However,
mice are preferred, because they exhibit a higher metabolic
rate of CCL4 compared to rats!*l,

In the present study, liver tissue from CCL4 treated
group revealed disturbed liver architecture, with
inflammatory signs, dilated central vein surrounded with
intense cellular infiltration as well as degenerative changes
affecting many hepatocytes. Many cells appeared with
dense nuclei and acidophilic cytoplasm. The dilated blood
vessels observed in this work can be explained by portal
hypertension,

The intense cellular infiltration around central vein can
be explained by induction of inflammation which is one of
mechanisms of CCL4 induced liver toxicity?l.

Alpha smooth muscle actin (¢ —SMA), is a marker
of Hepatic Stellate Cell activation®”). It was detected, in
this study, early then followed by collagen deposition and
progressive fibrosis, leading to cirrhosisi?®.

In GII, there was a peri-sinusoidal highly positive
reaction for a-SMA as evidenced by increase in the area
percentage of a-SMA. This finding might be explained
by differentiation of HSCs into myofibroblasts after liver
injury. The later cells promote liver fibrogenesis?’..

In GII, we observed significant increase in the collagen
fibers around central vein and in between liver cells. Also,
there was an increase in the reticular fibers content in the
wall of blood vessels and in between the liver cells as
evidenced by area % of collagen and reticular fibers in
this study. These findings were similar to other previous
studies®®”. In liver fibrosis, there is imbalance between
ECM formation and degradation and there is significant
increase in both collagen type I and III (reticular fibers).
Activation of HSCs resulted in its conversion into
proliferative myofibroblasts, that synthesize and secrete a
large amount of fibers especially collagen type I and III
(reticular fibers)™. Both types of collagen constitute the
main components of the scar tissue during liver fibrosisi®'.

The degenerative effect of CCL4 on the liver can be
explained by several mechanisms. One of them is oxidative
stress which is a major cause. CCL4 is biotransformed
into trichloromethyl free radical (CCL3), by cytochrome
P-450 systems that causes lipid peroxidation and, thereby,
liver damage?. End products of lipid peroxidation
might enhance fibrosis of injuried hepatocytes®¥. In the
same time, necrosis as well as inflammatory response of
centrilobular hepatocytes, in CCL4-treated rats, might be
resulting from significant decrease in hepatic glutathione
(GSH) levelst**, Several cytokines after CCL4 treatment
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might be also accused in activation of HSCs and finally
liver fibrosisP®.

After CCL4 treatment, a significant increase in
hepatocytes positive KI67nuclei might be due to hepatocyte
regeneration which of the injured liver*’..

Recovery of the liver after injury includes removal
of dead cells and regeneration of hepatocytes to replace
damaged cells. The liver is the only visceral organ that has
great ability to regenerate; the hepatocytes can quickly
undergo division to restore the liver architecture after
injuryt®.

After injury of the liver, the hepatocytes proliferate to
restore the liver mass then it stopst®. This explains the
improvement in the liver structure after CCL4 withdrawal.

In GIII, more improvement were observed but not
reverted to that of control. Moderate improvement was
observed in liver architecture. Moderate cellular infiltration
was observed in between the liver cells compared to GII.
Mild to moderate degenerative changes were observed.

Significantly high percentage of collagen as well as
reticular fibers deposition was observed around central
vein and in between liver cells but they were finer than
group II.

Also, significant decrease in area percentage of a-SMA
was observed compared to group II. However, this means
decrease HSC activation and stoppage of fibrosis, but
recurrence is more likely to occur®®.

KI 67 immunfluorescence showed reduced number of
positive nuclei but still more than group L.

Previous studies proved that liver fibrosis is reversible
in early stages before damaging the normal architecture of
the liver and deteriorating the liver function*",

The liver is characterized by high regenerative capacity
that enable it to restore its normal function within days
especially after acute damage caused by hepatotoxins.
However, after chronic exposure to hepatotoxins, the
parenchyma not recovered from injury, and excess
collagen, (glycoproteins and proteoglycans) is formed
which leads to liver fibrosis!*!l.

These results can be explained by that the liver cells can
proliferate to replace damaged cells after CCL4 treatment,
this recovery caused reduction in diseased state.

Our results are in agreement with#>#445] but are
in contrary with*! who found that after recovery the
hepatocytes as well as liver functions were nearly similar
to that of the CCL4 alone group. In addition, a progressive
increase in the liver fibrosis was observed after recovery in
these cases as evidenced by increased collagen fibers and
a-SMA positive cells.

The findings of this study demonstrated that injection
of CCL4 to mice induced marked liver damage which is
evidenced by significant increase in the serum levels of

AST and ALT. This is due to damage of liver cells which
led to membrane permeability, and leakage of enzymes
into extracellular space*”. In liver fibrosis, there was also
significantly decreased serum albumin which means liver
dysfunction. These results came in agreement with those
of previous studies®**], who suggested that increase in
the liver enzymes is an indicator of acute hepatocellular
damage. In GIII of our study, there was reduction of liver
enzymes but they were still higher than GI.
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