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Abstract: The aim of the present work is to evaluate the possible therapeutic role of intravenous administration of
mesenchymal stem cells against CCL4-induced hepatotoxic changes. Hepatotoxicity was induced in this study by
injection of carbon tetrachloride (CCl4) subcutaneously at a dose of 0.2 ml/kg body weight twice weekly for four
and eight weeks durations. Another two groups were injected with CCl4 for four and eight weeks then left to observe
the effect of spontaneous recovery after four weeks. Bone marrow derived mesenchymal stem cells (MSC) were
injected into the tail vein at a dose of 1x106 stem cells labeled with PKH26 dye in 1 ml phosphate buffer saline in
two groups after injected with CCl4 for four and eight weeks. Liver specimens were examined by both light and
transmission electron microscopic methods. Different levels of liver enzymes (ALT, AST and GGT) were measured.
This study revealed that intravenous injection of MSC was more effective in rescuing liver failure than spontaneous
recovery and could be used as a suitable line of therapy than liver transplantation in end-stage liver disease.
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pathway from adjacent lobules toward the same bile
duct (Steven and Lowe, 2005) and the liver acinus
concept based on the gradient distribution of oxygen
along the venous sinusoids of adjacent lobule
(Junqueira and Caneiro, 2005).
Concerning ultrastructure of liver, the hepatocyte
is polyhedral; it is described as having six surfaces.
Two of its surfaces face the perisinusoidal space of
Disse. The plasma membrane of two surfaces faces
hepatocytes. The remaining two surfaces face bile
canaliculi (Theard et al., 2007). The hepatocytes have
abundant cytoplasmic organelles spherical to ovoid
mitochondria, electron dense lysosomes, Golgi
apparatus and parallel cisternae of smooth and rough
endoplasmic reticulum covered by ribosomes. (Das et
al., 2013).
Carbon tetrachloride (CCl4) is the common name
for tetra chloromethane, a nonflammable, volatile
liquid that has a high vapour density. In liquid form it
is clear, colourless, and has a characteristic odor. CCl4
has been used as a dry cleaning agent and fire
extinguisher material. It has also been used as a
solvent for rubber cement as well as for cleaning
equipment and machinery. Further uses include those
of a refrigerant and as a feedstock chemical for
fluorocarbon propellants (Lide, 2006). Due to its high
lipid solubility, it is readily absorbed through

1. Introduction:
Cirrhosis is defined as a diffuse process inducing
fibrosis and nodule formation. It is the final changes of
the fibrogenesis consequent to chronic liver injury
(Dooley et al., 2011).
There are four structural components of the liver:
primarily, the liver parenchyma consists of plates of
liver cells (hepatocytes). Secondarily, connective
tissue stroma that is continuous with the fibrous
capsule of Glisson. Blood vessels (arteries and veins),
nerves, lymphatic vessels and bile ducts travel within
the connective tissue stroma. Thirdly, sinusoidal
capillaries (hepatic sinusoids), the vascular channels
between the plates of hepatocytes and finally, the
perisinusoidal space (space of Disse) which lies
between the hepatocytes and the interrupted sinusoidal
endothelium (Ross and Pawlina, 2011). The sinusoids
are lined by endothelial cells (with small pores;
fenestrae) for macromolecule diffusion from blood to
hepatocytes. On the luminal side of the sinusoidal
endothelium are the phagocytic cells of the reticuloendothelial system (Kupffer cells) and pit cells with
natural killer function (Greets, 2001).
There are three concepts to describe the structure
of the hepatic functional units (Ross and Pawlina,
2011). The classic hepatic lobule concept based on
structural parameters Kierszenbaum (2002). The
portal lobule concept based on the bile drainage
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inhalation, ingestion, and possibly by dermal contact
with the liquid form (Walker et al., 2001).
Zowail et al. (2012) reported that eight weeks after
CCl4administration to rats, the liver appeared with
marked pathological changes where some hepatocytes
showed complete destruction with pyknosis of their
nuclei and presence of inclusions inside the cytoplasm
indicating irreversible stage of cell death. Other
hepatocytes showed depletion of the membranous
organelles.
Smyth et al. (2007) found that repeated administration
of CCl4 leads to significant elevation of plasma liver
enzymes activity (transaminases, gamma glutamyle
transferase).
The mechanism of these liver changes could be
attributed to the fact that CCl4 is bio-transformed by
the cytochrome P450 system in the mitochondria to
produce the highly reactive trichloro-methyl free
radical (CCl3). This free radical then combined with
cellular lipids and proteins in the presence of oxygen
to form a trichloromethyl peroxyl radical, which may
attack lipids on the membrane of endoplasmic
reticulum faster than CCl3. Thus CCl3 elicited lipid
peroxidation (Mohona-Rao et al., 2006).
Xiao et al. (2012) suggested that reactive oxygen
species (ROS) cause oxidative stress in the liver and
attack several cellular targets, including endoplasmic
reticulum, mitochondrial and plasma membranes,
which contribute to further cell damage.
Zhu et al. (2010) pointed out that CCl4 triggers
cellular necrosis and apoptosis via the transformation
of TNF- a and IL-1b into proapoptotic factors that
potentiate the apoptotic cascade from ROS- damaged
mitochondria. Furthermore, CCl4 interferes with
calcium homeostasis. It promotes influx of calcium
ions into the cytoplasm by physically disrupting
membrane integrity via lipid peroxidation and by
opening certain membrane calcium transport channels.
It also inhibits active transport of calcium ions out of
the cytoplasm (Manibusan et al., 2007). Zowail et al.
(2012) added that calcium also could contribute to cell
death by the over stimulation of calcium-responsive
cellular enzymes that initiate a cascade of events,
resulting in irreversible cell injury.
In mammals, there are two broad types of stem
cells: embryonic stem cells, which are isolated from
the inner cell mass of blastocyst, and adult stem cells,
which are found in various tissues. There are three
accessible sources of autologous adult stem cells in
humans: Bone marrow, adipose tissue (lipid cells) and
blood. Adult stem cells can also be taken from
umbilical cord blood just after birth (Scheers et al.,
2011). Light microscopic examination of stem cells
displayed a typical fibroblast-like morphological
features; stellate or branched star shaped, pale

basophillic cytoplasm and central oval nucleus with
visible nucleoli (Lennon and Caplan, 2006).
Stem cell therapy is an intervention strategy that
introduces new adult stem cells of damaged tissue in
order to treat disease or injury. The ability of stem
cells to self-renew and give rise to subsequent
generations with variable degrees of differentiation
capacities, offers significant potential for generation of
tissues that can potentially replace diseased and
damaged areas in the body, with minimal risk of
rejection and side effects (Gurtner et al., 2007).
Stem cells express hepatocyte-like markers,
which confer them a theoretical advantage for liver
cell transplantation (Karahuseyinoglu et al., 2007).
Rodents with liver damage was established using CCl4
injection demonstrated reduced hepatic inflammation
and extracellular matrix (ECM) deposition after MSCs
transplantation. Mechanisms mediating these effects
are thought to involve the modification of endogenous
secreted factors i.e. metalloproteinases by MSCs
(Huang et al., 2009, Rabani et al., 2010 and Takami
et al., 2014).
The aim of the this study is to evaluate the
possible therapeutic role of intravenous administration
of mesenchymal stem cells against CCL4-induced
hepatotoxic changes.
2. Material and Methods:
Animals and experimental design:
Eighty adult male albino rats weighing 180-220 g
were used in this study. They were obtained from the
animal house, Faculty of Medicine, Cairo University.
The rats were housed in separate cages and maintained
under standard laboratory and environmental
conditions with standard rat chow. The rats were
divided into eight groups 10 rats each:
Group I (Normal control): The rats of this group
received nothing and were sacrificed after 12 weeks.
Group II (Sham control): The rats of this group
were injected intravenously once with one ml of
isotonic saline and were sacrificed after 12 weeks.
Group III (CCl4-induced hepatotoxicity for
four weeks): The rats of this group were injected
subcutaneously with CCl4 twice weekly for four weeks
and were sacrificed after the last injection.
Group IV (CCl4-induced hepatotoxicity for four
weeks followed by scarification after another four
weeks): The rats of this group were injected
subcutaneously with CCl4 twice weekly for four weeks
and were sacrificed after eight weeks.
Group V (CCl4-induced hepatotoxicity for four
weeks followed by MSC injection): The rats of this
group were injected subcutaneously with CCl4 twice
weekly for four weeks followed by a single
intravenous injection of MSC 24 hours after the last
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dose of CCl4. The rats were sacrificed after eight
weeks.
Group VI (CCl4-induced hepatotoxicity for eight
weeks): The rats of this group were injected
subcutaneously with CCl4 twice weekly for eight
weeks and were sacrificed after the last injection.
Group VII (CCl4-induced hepatotoxicity for eight
weeks followed by scarification after another four
weeks): The rats of this group were injected
subcutaneously with CCl4 twice weekly for eight
weeks and were sacrificed after 12 weeks.
Group VIII (CCl4-induced hepatotoxicity for eight
weeks followed by MSC injection): The rats of this
group were injected subcutaneously with CCl4 twice
weekly for eight weeks followed by a single
intravenous injection of MSC 24 hours after the last
dose of CCl4. The rats were sacrificed after 12 weeks.
At the end of each experimental period, blood
sample from the tail vein of each rat was taken for
biochemical study then rats were sacrificed by cervical
dislocation
Chemicals:
CCl4 was supplied from Sigma Aldrich as a
solution mixed with olive oil 1:1 immediately before
use. It was injected subcutaneously at a dose of 0.2
ml/kg body weight twice weekly for four weeks and
eight weeks durations (Chappell et al., 2016).
Bone marrow (BM) - derived mesenchymal stem
cells (MSC) were obtained from stem cell research
unit at the Biochemistry Department of Kasr Al Aini,
Faculty of Medicine, Cairo University. PKH26, red
fluorescent cell linker mini kit for general cell
membrane labeling (Sigma Aldrich, USA), Sigma
brand, catalog number: MINI 26. It's in the form of
PKH26 dye stock solution (1 vial containing 0.1 ml, 1x
10-3 M in ethanol) and diluent C (1 vial containing 10
ml). This dye has been used in groups V and VIII.
Stem cell dose: 1x106 MSC labeled with PKH26
dye in 1 ml phosphate buffer saline (PBS) into the tail
vein (Levicar et al., 2008).
Methods:
1- The liver was excised and processed for the
following studies.
a-Light microscopic study using Hematoxylin
and Eosin stain, Masson's trichrome stain and Periodic
Acid Schiff reaction (PAS).
b- Electron microscopic study.
c- Fluorescence microscopic study to detect the
mesenchymal stem cells.
2- Biochemical study: assessment of serum
levels of liver enzymes Alanine Aminotransferase
(ALT), Aspartate Aminotransferase (AST) and
Gamma Glutamyl Trasferase (GGT).
3- Histomorphometric study.

3. Results
Histological and ultrastructural results:
Group Ӏ (normal control group):
In the histological sections of the rat liver of the
normal control group, stained with haematoxylin and
eosin, the parenchyma showed uniform architecture.
The hepatic lobules were seen consisting of
intersecting plates of liver cells (hepatocytes) radiating
outward from the central vein to the periphery of the
lobule. Hepatic sinusoids were observed intervening
between the hepatic plates, lined with flattened
endothelial cells and the occasional deeply basophillic,
stellate shaped Kupffer cells. The hepatocytes of this
group appeared polyhydral in shape with granular
acidophillic cytoplasm. Their nuclei were rounded in
shape with well defined regular outline, binucleated
hepatocytes were frequently encountered (Fig.1). The
portal triad in the normal control rat liver section was
seen formed of bile ductule lined with cuboidal or low
columnar epithelium, a branch of the portal vein
exhibiting a thin wall and wide lumen and branches of
the hepatic artery characterized by a thicker wall and
narrower lumen (Fig.2). In sections of rat liver of the
normal control group, stained with PAS, the
hepatocytes were shown to have a strong positive PAS
reaction in the form of small red granules filling their
cytoplasm denoting considerable amount of glycogen
(Fig.3). Sections of the normal control rat liver, stained
with Masson's trichrome visualized a normal pattern of
collagen deposition-a thin layer of collagen fibers
around the central vein and adjoining hepatic sinusoids
and a small amount of collagen tissue in which the
elements of the portal triad were located (Figs.4, 5).
Examination of semithin sections revealed normal
hepatic sinusoids and polyhydral hepatocytes with
rounded nuclei having prominent nucleoli (Fig.6).
Electron microscopic examination of sections of
rat liver of the normal control group revealed
polyhydral hepatocytes with intervening adjoining
hepatic sinusoids. The hepatocytes had an intact
plasma membrane and abundant cytoplasmic
organelles; spherical to ovoid mitochondria with intact
cristae, parallel cisternae of rough endoplasmic
reticulum covered by ribosomes andelectron dense
lysosomes. The nucleus was surrounded by a well
defined nuclear envelope with nuclear pores and
displayed evident nucleoli and dispersed chromatin
with intact Golgi apparatus opposite these pores
(Fig.7).
Group П (Sham control group): Specimens of rat
liver of the sham control group, examined both by
light and electron microscope revealed features similar
to those observed in the normal control group.
Group III (CCl4-induced hepatotoxicity for
four weeks):
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Histological liver sections of rats injected
subcutaneously with CCl4twice weekly for 4 weeks,
stained with haematoxylin and eosin showed
moderately disturbed hepatic parenchymal architecture
with inflammatory cellular infiltration around the
central vein that was moderately congested and the
elements of portal tract that exhibited moderately
congested portal vein. The hepatic sinusoids also
appeared congested or moderately dilated with
moderate increase of Kupffer cells. The hepatocytes in
the pericentral area (zone 3) and in the midzonal area
(2) revealed vacuolated cytoplasm. Some nuclei
demonstrated pyknotic like changes and some of them
appeared karyolytic (Figs. 8, 9). Specimens stained
with PAS displayed moderate positive PAS reaction
denoting moderate glycogen content (Fig. 10).
Applying
Masson's
trichrome
technique
visualized moderate increase in collagen tissue
deposition around the central vein, hepatic sinusoids
and the elements of portal tract (Figs.11, 12).
Examination of semithin sections revealed congested
hepatic sinusoids Most of hepatocytes exhibit nuclear
pyknosis and karyolysis with indentation of nuclear
envelope (Fig.13).
Electron microscopic examination of rat liver
from the same group revealed congested hepatic
sinusoid with Kupffer cells on its wall, thickened
disrupted plasma membrane, the cytoplasm exhibited
scattered areas of rarefaction and electron dense
lysosomes. In some specimens, the mitochondria
appeared normal but in other specimens they appeared
ballooned with damaged cristae. The rough
endoplasmic reticulum was swollen and fragmented,
they had partially lost their ribosomal surface. Some
nuclei showed clumps of chromatin material and
blebbing of nuclear envelope (Figs.14: a,14: b).
Group IV (CCl4-induced hepatotoxicity for four
weeks followed by scarification after another four
weeks):
Histological examination of liver sections of rats
injected subcutaneously with CCl4 twice weekly for
four weeks and left for spontaneous recovery for one
month revealed apparently preserved hepatic
parenchymal architecture in some specimens and
disturbed in others with inflammatory cellular
infiltration in the portal area. However, there was mild
to moderate congestion of the central vein and hepatic
sinusoids with mild increase in Kupffer cells. Some
hepatocytes showed mild vacuolation of their
cytoplasm. Some pyknotic and karyolytic nuclei were
observed (Figs.15,16).
In PAS stained sections, the hepatocytes revealed
moderate glycogen content evidenced by a moderate
PAS positive reaction (Fig.17). Using Masson's
trichrome stain technique to visualize the deposition of
collagen fibers showed mild increase around the

central vein, hepatic sinusoids as well as the portal
areas (Figs.18, 19). Examination of semithin sections
revealed congested hepatic sinusoids with Von
Kupffer cells in their walls. Some hepatocytes exhibit
nuclear pyknosis and karyolysis, few cells display
apparently normal nuclei with prominent nucleoli.
Mononuclear cellular infiltration can be observed
(Fig.20).
Electron microscopic examination of some
specimens of the rat liver of this group showed thick
plasma membrane and electron dense lysosomes.
Some hepatocytes exhibited moderate cytoplasmic
rarefaction. Some nuclei presented clumps of
chromatin material. Some mitochondria were
ballooned and others had been apparently normal,
rough endoplasmic reticulum were either fragmented
and some of them are apparently normal with intact
ribosomal surface and parallel cisterns (Fig. 21).
Group V (CCl4-induced hepatotoxicity for four
weeks followed by MSC injection):
MSCs labeled with PKH26 fluorescent dye
detected in the hepatic tissue, confirmed homing of
these cells into the liver tissue (Fig.22). Histological
sections of the rat liver of this group revealed an
apparently normal hepatic parenchymal architecture.
The central vein was neither dilated nor congested.
The hepatic sinusoids also appeared normal (Fig.23).
The hepatocytes in all three zones were mostly normal
with regular rounded nuclei, apart from few
hepatocytes in the pericentral area of the hepatic lobule
which exhibited minimal cytoplasmic vaculation. The
portal tract presented apparently normal features
(Figs.23, 24). In histological sections of the rat liver of
this group stained with PAS, most of the hepatocytes
revealed high glycogen content as demonstrated by
their strong positive PAS reaction (Fig.25). In
Masson's trichrome stained sections, there was only
minimal increase in the collagen fibers deposition
around the central vein, hepatic sinusoids or in the
portal tract (Figs.26, 27). Examination of semithin
sections revealed mild congestion of hepatic sinusoids.
Most of hepatocytes nuclei are apparently normal with
prominent nucleoli. Few hepatocytes exhibit nuclear
pyknosis and karyolysis (Fig.28).
Electron microscopic examination of the rat liver
specimens of this group showed apparently normal
hepatocytes with intact plasma membrane and rough
endoplasmic reticulum that had been evenly
distributed throughout the cytoplasm. The nuclei
appeared normal with dispersed chromatin and intact
nuclear envelope. Most of mitochondria appeared
normal but few had been swollen with damaged
cristae. Von Kupffer cell had been observed inside a
non-congested hepatic sinusoid (Fig. 29).
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Group VI (CCl4-induced hepatotoxicity for eight
weeks):
Histological examination of rat liver sections of
rats injected subcutaneously with CCl4 twice weekly
for 8 weeks revealed disrupted hepatic parenchymal
architecture in all specimens. The central vein was
markedly dilated and congested. The hepatic sinusoids
were also markedly dilated and congested especially in
the pericentral area where severe extravasation of
blood (haemorrhage) was also encountered. Marked
increase in Kupffer cells and areas of hyaline
degeneration have been observed as well (Fig.30).
The hepatocytes in all specimens displayed
extensive pathologic changes, more evident in the
pericentral area. The cells were swollen and their
cytoplasm presented variable degrees of vacuolations
and fatty degeneration. In all zones of the hepatic
acini, the nuclei of the severely affected hepatocytes
showed marked degenerative changes in the form of
pyknosis and karyolysis (ghost forms). There was
extensive inflammatory cellular infiltration in the
portal area and the portal vein was severely congested.
A markedly thickened wall of hepatic artery could be
observed (Figs.30, 31, 32). In specimens stained with
PAS, the hepatocytes showed faint PAS reaction
indicating reduced glycogen content (Fig. 33). Using
Masson's trichrome stain technique to visualize the
deposition of collagen fibers showed a marked
increase around the central vein, hepatic sinusoids as
well as the portal areas (Figs.34,35).
Examination of semithin sections revealed
marked congestion of hepatic sinusoids. Hepatocytes
display extensive nuclear damage in the form of
pyknosis and karyolysis (Fig. 36).
Electron microscopic study of rat liver specimens
of this group showed marked ultastructural changes in
the hepatocytes; electron dense lysosomes, thick
disrupted plasma membrane and the affected
hepatocytes markedly swollen with fatty degeneration
and extensive cytoplasmic vacuolation and rarefaction
suggestive of hydropic degeneration- a characteristic
feature of cellular damage. The nuclei in the majority
of hepatocytes presented pyknosis, degenerated and
marginated chromatin with blebbing of nuclear
envelope (indented). The mitochondria showed
variability in size and shape, enlargement (ballooning)
with complete loss of their cristae and accumulated
electron dense particles inside them. The rough
endoplasmic reticulum appeared markedly degenerated
forming aggregates near the nucleus in some
hepatocytes or fragments that had lost their surface
ribosomes in others and dilated congested hepatic
sinusoid (Figs.37, 38).
Group VII (CCl4-induced hepatotoxicity for eight
weeks followed by scarification after another four
weeks):

Histological examination of liver sections of rats
injected subcutaneously with CCl4 twice weekly for 8
weeks and left for spontaneous recovery for one month
revealed moderately disturbed hepatic parenchymal
architecture with marked inflammatory cellular
infiltration in the portal area and around markedly
congested and dilated central vein that was surrounded
by hyaline degeneration. Furthermore, the hepatic
sinusoids in the pericentral and midzonal areas showed
marked dilatation. Most of hepatocytes in the
pericentral and midzonal areas showed moderate
cytoplasm vacuolation, nuclear pyknosis and
karyolysis with marked increase in number of
binucleated hepatocytes (Figs. 39, 40, 41). In
specimens stained with PAS, the hepatocytes showed
faint PAS reaction indicating reduced glycogen
content (Fig.42). Using Masson's trichrome stain
technique to visualize the deposition of collagen fibers
showed a marked increase around the central vein,
hepatic sinusoids as well as the portal areas (Figs. 43,
44). Examination of semithin sections revealed
moderate congestion of hepatic sinusoids. Few
hepatocytes display apparently normal nuclei with
prominent nucleoli. Most of them show nuclear
pyknosis and karyolysis (Fig.45).
Electron microscopic examination of most
specimens of the rat liver of this group showed
congested hepatic sinusoid, intact hepatocytes plasma
membrane, scattered areas of cytoplasmic rarefaction
and fatty degeneration. Some of mitochondria
appeared normal and some of them had been markedly
dilated (ballooning) with damaged cristae. Some of
rough endoplasmic reticulum appeared markedly
degenerated forming aggregates near the nucleus or
fragments that lost their surface ribosomes, and some
had been apparently normal with parallel cisterns. The
nucleus displayed blebbing of nuclear membrane and
peripheral condensation of chromatin material
(Fig.46).
Group VIII (CCl4-induced hepatotoxicity for eight
weeks followed by MSC injection):
MSCs labeled with PKH26 fluorescent dye
detected in the hepatic tissue, confirmed homing of
these cells into the liver tissue (Fig.47). Histological
examination of liver sections of rats injected
subcutaneously with CCl4wice weekly for 8 weeks
followed by single a single intravenous dose of MSC
revealed preservation of normal hepatic parenchymal
architecture with moderate increase in Von Kupffer
cells. However, there was marked congestion and
dilatation of the central vein and hepatic sinusoids.
Some hepatocytes were binucleated. Several
hepatocytes in the two above mentioned areas showed
vacuolation of their cytoplasm. Some hepatocytes had
nuclei that displayed pyknosis and karyolysis (Fig.48).
The portal area showed moderately dilated congested
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portal vein, moderately thick- walled hepatic artery
with mild mononuclear cellular infiltration. Some
hepatocytes revealed cytoplasmic vacuolation,
pyknotic and karyolytic nuclei (Fig. 49). In PAS
stained sections, the hepatocytes revealed moderate
glycogen content evidenced by a moderate PAS
reaction (Fig.50). Using Masson's trichrome stain
technique to visualize the deposition of collagen fibers
showed a moderate increase around the central vein,
hepatic sinusoids as well as the portal areas (Figs.51,
52). Examination of semithin sections revealed
moderate congestion of hepatic sinusoids. Some
hepatocytes display apparently normal nuclei with
prominent nucleoli. Some of them show nuclear
pyknosis and karyolysis (Fig.53).
Electron microscopic examination of specimens
of the rat liver of this group showed preserved
hepatocytes plasma membrane, few areas of
cytoplasmic rarefaction and fatty degeneration. The
mitochondria had been apparently normal with their
cristae. The rough endoplasmic reticulum appeared
normal with parallel cistern and their ribosomal
surface. The nucleus appeared normal in some
spicemens with intact nuclear envelope and prominent
nucleoli, and displayed few clumps of chromatin
material with slightly indented (blebbing) nuclear
envelope in others (Fig.54).

significant difference with p-value (>0.05) as regards
to ALT level (table 9). However, there was
statistically significant decrease with p-value (<0.05)
between group III and group V as regards to ALT,
AST and GGT liver enzymes with high mean among
group III (table 11). In comparison between III and
VI study groups regarding level of liver enzymes,
there was statistically significant decrease with p-value
(<0.05) between both groups with high mean among
group VI (table 13) and between group IV and group
VII with high mean among group VII (table 15).
In CCl4 administration groups for eight weeks,
there was no statistically significant difference with pvalue (>0.05) between group VI and group VII as
regards to AST, ALT and GGT liver enzymes (table
17). On the other hand, there was statistically
significant increase with p-value (<0.05) between
group VI and group VIII as regards to AST, ALT and
GGT liver enzymes with high mean among group VI
(table 19).
Statistical study of degree of liver fibrosis:
The degree of liver fibrosis showed no
statistically significant increase or decrease between
group I and group II (table 2) and between group I
and group V (table 4) with p-value (>0.05). However,
there was statistically significant difference with pvalue (<0.05) between group I and group VIII as
regards to degree of liver fibrosis with high mean
among group VIII (table 6). There was statistically
significant difference with p-value (<0.05) between
group V and group VIII as regards to degree of liver
fibrosis with high mean among group VIII (table 8).
In CCl4 administration groups for four weeks, There
was no statistically significant difference with p-value
(>0.05) between group III and group IV (table 10).
There was statistically significant difference with pvalue (<0.05) between group III and group V (table
12) and between group III and group VI as regards to
degree of liver fibrosis (table 14). In CCl4
administration groups for eight weeks, there was
statistically significant decrease with p-value (<0.05)
between group IV group VII as regards to degree of
liver fibrosis with high mean among group VII (table
16). There was no statistically significant difference
with p-value (>0.05) between group VI and group VII
(table 18) and between group VI and group VIII with
p-value (>0.05) (table 20).

Results of histomorphometric study:
Statistical study of liver enzymes levels:
Further to the architectural disturbance, there was
functional impairment manifested as an increase in
liver enzymes concentration in groups injected with
CCl4. The levels of liver enzymes ALT, AST and
GGT showed no statistically significant increase or
decrease between group I and group II (table 1) and
between group I and group V (table 3) with p-value
(>0.05). However, there was statistically significant
increase with p-value (<0.05) between group I and
group VIII with high mean among group VIII (table
5). There was significant difference with p-value
(<0.05) between group V and group VIII as regards to
liver enzymes with high mean among group VIII
(table 7).
In CCl4 administration groups for four weeks,
there was statistically significant increase with p-value
(<0.05) between group III and group IV as regards to
AST and GGT liver enzymes with high mean among
group III. On the other hand there was no statistically

35

Journal of American Science 2017;13(6)

http://www.jofamericanscience.org

Fig. (1): Micrograph of group I (Normal control)
showing normal hepatic architecture- hepatocytes (H)
radiating from the central vein (CV) and hepatic
sinusoids (S) lined with flattened endothelial cells (E)
and Von Kupffer cells (kp). Binucleated hepatocytes
are also seen (arrow). (Hx. & E. X400)

Fig. (2): Micrograph of group I showing the portal
triad: bile ductile (B), portal vein (PV) and
hepaticartery (A).(Hx. & E. X400)

Fig. (3): Micrograph of group I exhibiting a strong
positive PAS reaction of the hepatocytic
platesradiating from the central vein (CV). (PAS;
X400)

Fig. (4): Micrograph of group I showing the normal
distribution of collagen bundles (arrows) around the
central vein (CV) and hepatic sinusoids.(Masson,s
trichrome; X400)

Fig. (5): Micrograph of group I, showing the normal
distribution of collagen bundles (arrows) around the
components of the portal triad: bile ductile (B), portal
vein (PV) and adjoining hepatic sinusoids. (Masson,s
trichrome; X400).

Figure (6): Micrograph of group I showing normal
hepatocytes (H) with prominent nucleoli (arrows) and
hepatic sinusoids (S). (Toludine blue x 1000).
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Fig. (7): Ultragraph of group I displaying hepatic
sinusoid (S) between polyhydral hepatocytes (H1,
H2, H3) that exhibit intact plasma membrane
(arrow),
abundant
mitochondria
(m)
and
roughendoplasmic reticulum (RER), electron dense
lysosomes (L). The nucleus (N1, N2, N3) is
surrounded by an envelope (arrowhead) and display
dispersed chromatin and evident nucleoli (n).(EM; X
3000).

Fig. (8): Micrograph of group III of the liver showing
disturbed parenchymal architecture. Thecentral vein
(CV) is engorged and dilated. Hepatic sinusoids (S)
appeared engorged. Hepatocytes exhibit cytoplasmic
vacuolation (V), pyknoticnuclei (P) and karyolysis
(K). Mononuclear cell infiltration (I) and increased
Von Kupffer cells (kp) can be observed. (Hx. & E.
X400)

Fig. (9): Micrograph of group III showing
mononuclear cell infiltration (I) around bileductules
(B) and engorged portal vein (PV). Hepatocytes
exhibit cytoplasmic vacuolation (V), nuclear pyknosis
(P) and karyolysis (K). (Hx. & E. X400)

Fig. (10): Micrograph of group III presenting
moderate
positive
PAS
reaction
denoting
moderateglycogen content in the hepatocytes radiating
from the central vein (CV). (PAS; X400).

Fig. (11): Micrograph of group III showing moderate
increase of collagen bundles (arrows) aroundthe
central vein (CV) and hepatic sinusoids.(Masson,s
trichrome; X400).

Fig. (12): Micrograph of group III displaying
moderately increased collagen fibers deposition
(arrows) around the portal triad: bile ductile (B),
portal vein (PV), hepatic arteriole (A) and
hepaticsinusoids. (Masson,s trichrome; X400)
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Figure (13): Micrograph of group III showing
congested hepatic sinusoids (S). Most of
hepatocytesexhibit nuclear pyknosis (P) and
karyolysis (K) with indentation of nuclear envelope
(arrow).(Toludine blue x 1000)

Fig. (14: a): Ultragraph of group III displaying Von
Kupffer cell (Kp) inside a congested hepaticsinusoid
(S). The hepatocyte exhibits thick (arrow) denuded
(short arrow) plasma membrane, cytoplasmic
rarefaction (R), electron dense lysosomes (L). The
nucleus (N) shows chromatin clumps (chr) and
blebbing (arrowhead) of nuclear envelope.(EM; X
5000)

Fig. (14: b): Ultragraph of group III displaying
cytoplasmic
rarefaction
(R),
ballooning
ofmitochondria with lost crista (m) and fragmented
rough endoplasmic reticulum forming cisterns and
partially lost ribosomal surface (RER). The nucleus
(N) shows chromatin clumps (chr) and blebbing
(arrowhead) of nuclear envelope. (EM; X 12000)

Fig. (15): Micrograph of group IV showing disturbed
parenchymal architecture and increased Von Kupffer
cells (kp). Engorged central vein (CV) and hepatic
sinusoids (S). Some hepatocytes exhibit cytoplasmic
vacuolation (V), nuclear pyknosis (P) and karyolysis
(K). (Hx. & E. X400)

Fig. (16): Micrograph of group IV showing mild
mononuclear cell infiltration (I) around bile ductules
(B) and engorged portal vein (PV). Nuclei of some
hepatocytes exhibit karyolysis (K). (Hx. & E. X400)

Fig. (17): Micrograph of group IV presenting
moderate
positive
PAS
reaction
denoting
moderateglycogen content in the hepatocytes radiating
from the central vein (CV). (PAS; X400)
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Fig. (18): Micrograph of group IV showing mild
increase of collagen bundles (arrows) around
thecentral vein (CV) and hepatic sinusoids. (Masson,s
trichrome; X400)

Fig. (19): Micrograph of group IV displaying mild
increase of collagen bundles (arrows) around
theportal triad: bile ductile (B), portal vein (PV),
hepatic arteriole (A) and adjoining hepatic
sinusoids.(Masson,s trichrome; X400)

Figure (20): Micrograph of group IV showing
congested hepatic sinusoids (S) with Von
Kupffercells (kp) in their walls. Some hepatocytes
exhibit nuclear pyknosis (P) and karyolysis (K), few
cells display apparently normal nuclei with prominent
nucleoli (arrows). Mononuclear cellular infiltration
can be observed (circle). (Toludine blue x 1000)

Fig. (21): Ultragraph of group IV displaying thick plasma
membrane (arrow), between two hepatocytes (H1, H2).
H1shows cytoplasmic rarefaction (R), ballooning of
mitochondria (m) with lostcristae, fragmented rough
endoplasmic reticulum (RER) forming cisterns and
apparently normal nucleus (N), while the binucleated (H2)
exhibits a karyolytic nucleus (N1) and another nucleus (N2)
withchromatin clumbs (chr) and blebbingof nuclear
envelope (arrowhead). Both (H1) and (H2) displayelectron
dense lysosomes (L) (EM; X 6000).

Fig. (22): labeling of MSCs with PKH26 dye.

Fig. (23): Micrograph of group V showing apparently
normal parenchymal architecture. Mosthepatocytes
(H) are apparently normal and display regular rounded
nuclei (N) few hepatocytes exhibit cytoplasmic
vacuolation (V). Hepatic sinusoids (S) are seen
radiating from the central vein (CV). (Hx. & E. X400)
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Fig. (24): Micrograph of group V showing apparently
normal portal triad: the portal vein (PV), bileduct (B)
and hepatic artery (A). Nuclei of few hepatocytes
appeared karyolitic (k). (Hx. & E. X400)

Fig. (25): Micrograph of group V exhibiting a strong
positive PAS reaction of the hepatocyticplates
radiating from the central vein (CV). (PAS; X400)

Fig. (26): Micrograph of group V displaying minimal
increase in collagen bundles (arrows) aroundthe
central vein (CV) and adjoining hepatic sinusoids.
(Masson,s trichrome; X400)

Fig. (27): Micrograph of group V showing minimal
increase in collagen bundles (arrows) aroundthe portal
triad: bile ductile (B), portal vein (PV), hepatic
arteriole (A) and adjoining hepatic sinusoids.
(Masson,s trichrome; X400)

Figure (28): Micrograph of group V showing mild
congestion of hepatic sinusoids (S). Most
ofhepatocytes nuclei are apparently normal with
prominent nucleoli (arrows). Few hepatocytes exhibit
nuclear pyknosis (P) and karyolysis (K). (Toludine
blue x 1000)

Fig. (29): Ultragraph of group V displaying apparently
normal nucleus (N) with dispersedchromatin, an intact
plasma membrane (arrow), abundant mitochondria
(m) with normal cristal pattern, intact rough
endoplasmic reticulumwith parallel cisterns (RER)
and cytoplasmic rarefaction (R). (EM; X 5000).
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Fig. (30): Micrograph of group VI showing
completely
disturbed
hepatic
parenchymal
architecture, marked increased in Von Kupffer cells
(kp), markedly congested central vein (CV) and
hepatic sinusoids (S). Most hepatocytes exhibit
extensive cytoplasmic vacuolation (V), fat
degeneration (F), nuclear pyknosis (P) and karyolysis
(K). Extravasated blood (Ext) can be seen. (Hx. & E.
X400)

Fig. (32): Micrograph of group VI displaying
markedly engorged portal vein (PV), marked
lythickend wall of hepatic artery (A) and marked
inflammatory cellular infilteration (I). Hepatocytes
exhibit extensive cytoplasmic vacuolation (V)
andpyknotic (P) nuclei. (Hx. & E. X400)

Fig. (34): Micrograph of group VI displaying marked
increase in collagen bundles (arrows) around the
central vein (CV) and adjoining hepatic sinusoids.
(Masson,s trichrome; X400)
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Fig. (31): Micrograph of group VI showing markedly
congested portal vein (PV). Hepatocytes areswollen
and exhibit fat degeneration (F), cytoplasmic
vacuolation (V), pyknotic (P) and karyolitic nuclei
(K). (Hx. & E. X400)

Fig. (33): Micrograph of group VI presenting faint
PAS reaction of hepatocytes radiating from the central
vein (CV). (PAS; X400)

Fig. (35): Micrograph of group VI displaying
extensively increased collagen bundles (arrows)
around the portal triad: bile ductile (B), portal vein
(PV), hepatic arteriole (A) and adjoining hepatic
sinusoids.(Masson,s trichrome; X400)
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Figure (36): Micrograph of group VI showing
marked congestion of hepatic sinusoids (S).
Hepatocytes display extensive nuclear damage in the
form of pyknosis (P) and karyolysis (K). (Toludine
blue x 1000)
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Fig. (37): Ultragraph of group VI displaying thick
(arrow) denuded (short arrow) plasmamembrane
between two hepatocytes (H1, H2) that display
degeneration of cytoplasm in the form of vacuolation (V),
rarefaction (R) and extensive fatty degeneration (F),
ballooned mitochondria with damaged cristae (m). The
nuclei of both hepatocytes (N1, N2) exhibit chromatin
clumbs (chr) with indentation (blebbing) of nuclear
envelope (arrowhead) of (N2). (EM; X 4000)

Fig. (38): Ultragraph of group VI displaying
cytoplasmic rarefaction (R) ballooned mitochondriawith
damaged crista (m) and electron dense particles inside,
fragmented largely dilated rough endoplasmic reticulum
(RER). The nucleus exhibitschromatin clumps and
peripheral margination of chromatin material (chr).
(EM; X 15000)

Fig. (39): Micrograph of group VII showing mildly
disturbed hepatic parenchymal architecture, marked
increase in Von Kupffer cells (kp) with moderately
congested dilated central vein (CV). Most of hepatocytes
(H) are binucleated and some of them are swollen.
Extensive cytoplasmic vacuolation (V) and nuclear
pyknosis (P) can be observed. (Hx. & E. X400)

Fig. (40): Micrograph of group VII showing area of
hyaline degeneration (Hy) and inflammatorycellular
infilteration (I) around moderately congested dilated
central vein (CV). (Hx. & E. X400)

Fig. (41): Micrograph of group VII displaying
moderately congested portal vein (PV), thick walled
hepatic artery (A) and moderate mononuclear cell
infilteration (I) around the bile ductules (B). Increased
binucleatedhyepatocytes (H) and pyknotic (P) nuclei.
(Hx. & E. X400)
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Fig. (42): Micrograph of group VII presenting faint
positive PAS reaction of hepatocytesradiating from
the central vein (CV). (PAS; X400)

Fig. (43): Micrograph of group VII displaying marked
increase in collagen fibers (arrows) deposition around
the central vein (CV) and adjoining hepatic sinusoids.
(Masson,s trichrome; X400)

Fig. (44): Micrograph of group VII displaying
markedly increased collagen bundles (arrows) around
bile ductile (B) and portal vein (PV) and adjoining
hepatic sinusoids. (Masson,s trichrome; X400)

Figure (45): Micrograph of group VII showing
moderate congestion of hepatic sinusoids (S).
Fewhepatocytes display apparently normal nuclei with
prominent nucleoli (arrows). Most of them show
nuclear pyknosis (P) and karyolysis (K). (Toludine
blue x 1000)

Fig. (46): Ultragraph of group VII displaying congested
hepatic sinusoid (S) betweenhepatocytes (H1, H3) that
display an intact plasma membrane (arrow). Hepatocytes
(H1, H2, H3) exhibit either fatty degeneration (F) or
cytoplasmic rarefaction (R), dilated rough endoplasmic
reticulum (RER), most of mitochondria are apperently
normal (m1) and few of them are ballooned with damaged
cristae (m2). The nuclei (N1, N2) in (H1, H2) exhibit
chromatin clumps and peripheral margination of chromatin
material (chr) with blebbing of nuclear envelope
(arrowhead). (EM; X 5000)

Fig. (47): labeling of MSCs with PKH26 dye.
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Fig. (48): Micrograph of group VIII showing
apparently normal
parenchymal
architecture,
moderate increase in Von Kupffer cells (kp) with
marked congestion of central vein (CV). Some
hepatocytes (H) are binucleated. Cytoplasmic
vacuolation (V) and pyknotic nuclei (P) can be
observed. (Hx. & E. X400)

Fig. (49): Micrograph of group VIII displaying mildly
engorged portal vein (PV), moderatlythick walled
hepatic artery (A) and mild mononuclear cell
infilteration (I) around the bile ductules (B). Some
hyepatocytes (H) exhibit cytoplasmic vacuolation (V),
nuclear pyknosis (P) and karyolysis (K). (Hx. & E.
X400)

Fig. (50): Micrograph of group VIII presenting
moderate
positive
PAS
reaction
denoting
moderateglycogen content in the hepatocytes
radiating from the central vein (CV). (PAS; X400)

Fig. (51): Micrograph of group VIII displaying
moderate increase in collagen bundles (arrows)
around the central vein (CV) and adjoining hepatic
sinusoids. (Masson,s trichrome; X400)

Fig. (52): Micrograph of group VIII displaying
moderate increase in collagen bundles (arrows)
around bile ductile (B), portal vein (PV) and
adjoining hepatic sinusoids. (Masson,s trichrome;
X400)

Figure (53): Micrograph of group VIII showing
moderate congestion of hepatic sinusoids (S).
Somehepatocytes display apparently normal nuclei
with prominent nucleoli (arrows). Some of them show
nuclear pyknosis (P) and karyolysis (K). (Toludine
blue x 1000)
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Table (4): Comparison between I, V study groups
regarding degree of liver fibrosis, p-value (>0.05).

Table (5): Comparison between I & VIII study
groups regarding level of liver enzymes with p-value
(<0.05).

Fig. (54): Ultragraph of group VIII displaying
apparently
normal
mitochondria
(m)
and
roughendoplasmic reticulum (RER) with its ribosomal
surface and scattered areas of cytoplasmic rarefaction
(R) and fatty degeneration (F). The nucleus (N)
appears normal with prominent nucleolus (n),
fewchromatin clumbs (chr) and blebbing of nuclear
envelope (arrowhead). (EM; X 10000)

Table (6): Comparison between I & VIII study
groups regarding degree of liver fibrosis, p-value
(<0.05).

Table (1): Comparison between I & II study groups
regarding level of liver enzymes with p-value
(>0.05).

Table (7): Comparison between V & VIII study
groups regarding level of liver enzymes. p-value
(<0.05)

Table (2): Comparison between I & II study groups
regarding degree of liver fibrosis with p-value
(>0.05).

Table (8): Comparison between V & VIII study
groups regarding degree of liver fibrosis. p-value
(<0.05)

Table (3): Comparison between I & V study groups
regarding level of liver enzymes with p-value
(>0.05).
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Table (9): Comparison between III & IV study
groups regarding level of liver enzymes. p-value
(<0.05).

Table (14): Comparison between III & VI study
groups regarding degree of liver fibrosis, with pvalue (<0.05).

Table (15): Comparison between IV & VII study
groups regarding level of liver enzymes. p-value
(<0.05)

Table (10): Comparison between III & IV study
groups regarding degree of liver fibrosis, p-value
(>0.05).

Table (16): Comparison between IV & V11 study
groups regarding liver fibrosis, p-value (<0.05).
Table (11): Comparison between III & V study
groups regarding level of liver enzymes. p-value
(<0.05)

Table (17): Comparison between VI & VII study
groups regarding level of liver enzymes, p-value
(>0.05).

Table (12): Comparison between III & V study
groups regarding degree of liver fibrosis, p-value
(<0.05).

Table (18): Comparison between VI & VII study
groups regarding degree of liver fibrosis, p-value
(>0.05).

Table (13): Comparison between III & VI study
groups regarding level of liver enzymes. p-value
(<0.05)
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with eventual peroxidation of membrane lipids leading
to loss of hepatocellular integrity and cell surface
membrane disruption. These findings were identical to
observations of the present work which revealed
disrupted plasma membrane of the hepatocytes.
Similar findings also observed by Kurk et al. (2000)
who stated that thromboxane B2, that increase in CCl4
toxicity, is responsible for plasma membrane bleb, an
early event in hepatocytes injury when exposed to
oxidative stress.
Thick plasma membrane has been observed in the
present study. Similar findings were observed by
Mehmetcik et al. (2008) who stated that thickening of
cell surface membrane is a part of inflammatory
reaction occurring in injured liver cells due to
accumulation of complement C3 on the membrane.
In the current work, the degree and extent of
hepatocyte lesion was observably proportionate to the
duration of exposure to CCl4; four and eight weeks
durations. It showed hydropic degeneration manifested
as cytoplasmic vacuolation of the hepatocytes by light
and electron microscope. However, with longer
duration of CCl4 administration, the hydropic
degeneration became observably marked in the form of
more numerous
and
extensive
cytoplasmic
vacuolation. Similar findings were reported by Zhu et
al. (2012) who proposed that this cytoplasmic
vacuolation occurred due to increased production of
toxic metabolites via activation of cytochrome P450.
Wacker et al. (2001) reported that the nuclear damage
produced by CCL4 appears to be due to its genotoxic
effect via its metabolites and lipid peroxidation
products
such
as
4-hydroxynonenal
and
malondialdehyde that can bind with DNA.
In the present study, histological data of CCl4 treated rats revealed dilatation and engorgement of the
central vein and hepatic sinusoids. These findings were
moderate following CCl4 administration for 4 weeks
and became more evident with longer duration of
administration of CCl4 for 8 weeks in which additional
manifestations were observed such as extravasation of
blood. These results were compatible with those
reported by Yang et al. (2011) who attributed these
vascular changes to the direct toxic effect of CCl4 on
the blood vessel wall in rats.
In the current work, there was marked
inflammatory cellular
infiltration
encountered
adjoining the portal tract of the liver specimens of
CCl4 - treated group for 8 weeks. These findings could
be attributed to the involvement of free radicals and
oxidative stress. Similar findings were reported by
Kazeem et al. (2011).
In the present work, swelling of hepatocytes was
observed. This was in accordance with Newmeyer and
Ferguson-Miller (2003) who suggested that inverting
of active transport system (Na+, Ka+- ATPase) causes

Table (19): Comparison between VI & VIII study
groups regarding level of liver enzymes. p-value
(<0.05)

Table (20): Comparison between VI & VIII study
groups regarding degree of liver fibrosis, p-value
(>0.05)

4. Discussion
In the present work, manifestations of the
pathological impact of CCl4 on the rat liver were
recorded. Light microscopic examination revealed
disrupted hepatic parenchymal architecture, dilatation
and congestion of the central vein and hepatic
sinusoids, increased number of Kupffer cells,
inflammatory cellular
infiltration,
hepatocytic
degeneration in the form of nuclear pyknosis,
cytoplasmic vacuolation and fatty degeneration. The
histiomorphometric study showed increased amount of
collagen fiber deposition. The electron microscopic
examination demonstrated ultrastructural alterations in
the form of disrupted thick plasma membrane,
ballooning of mitochondria, fragmented rough
endoplasmic reticulum and degenerated nucleus.
Similar findings were reported by Ren et al. (2010)
who observed that chronic exposure to CCl4 resulted in
extensive hepatic fibrosis and marked disturbance of
hepatic functions.
In the present study, administration of CCl4 for 8
weeks resulted in disrupted hepatic parenchymal
architecture which was demonstrated by light
microscopic examination. However, the hepatic
architecture was not apparently disrupted in
administration of CCl4 for 4 weeks. This was in
agreement with the findings of Zowail, et al. (2012)
who found that light microscopic examination of liver
sections of rats injected with CCl4 at a dose of 1ml/kg
twice weekly for 8 weeks showed that hepatocytes lost
their normal architecture which appeared in haphazard
fashion, hepatocyte swelling, variations in liver cell
size and shape, that are considered precancerous
lesions, and attributed these pathological changes to
generation of oxygen free radicles and oxidative stress
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sodium to enter and accumulate inside the cells and
potassium to diffuse out followed by increased water
entry, leading to cellular swelling and dilatation of the
endoplasmic cistern at the level of ultrastructural
study.
Frequent fatty degeneration of hepatocytes was
encountered in the present study, seen as accumulation
of lipid vacuoles of the CCl4 treated group for 8 weeks.
This steatosis formed clear vacuoles within the
cytoplasm of hepatocytes. Fatty change is often seen in
the liver because it is the major organ involved in fat
metabolism, resulting in triglyceride accumulation in
hepatocytes (Farrell and Larter, 2006). The nuclei of
hepatocytes of CCl4- treated rats manifested
degenerative changes as observed by both light and
electron microscopic examination. These changes were
moderate in CCl4- treated rats for 4 weeks, in the form
of clumping and marginatation of nuclear chromatin
leading to karyolysis in few nuclei. However, these
nuclear changes became more evident in CCl4- treated
rats for 8 weeks inducing pyknosis in which nuclei
were shrunken with increased basophilia due to
progressive chromatin clumping and marked
degeneration of the nuclei with damage of their
nucleoli and chromatin material (karyolysis). Edinger
and Thompson (2004) attributed these nuclear
changes to nonspecific breakdown of DNA while,
Golstein and Kroemer (2007) described them as
manifestations of irreversible cell damage; the nucleus
might undergo progressive dissolution and the
basophilia of the chromatin might fade and disappear
(karyolysis), a change that reflect loss of DNA because
of enzymatic degradation by endonucleases.
In the present work, mitochondrial swelling
associated with partial or complete loss of cristae was
found. Whiteman et al. (2008) stated that altered
mitochondrial membrane permeability leads to an
osmotic imbalance that induces the swelling and loss
of cristae. Activated neutrophils release hydrogen
peroxide and produce hypochlorous acid, which has
been shown to cause mitochondrial dysfunction and
cell death.
In the present study, depletion of the glycogen
content of many hepatocytes appeared in both CCl4treated groups for 4 weeks and for 8 weeks as revealed
by PAS reaction. This glycogen depletion could most
probably be due to hepatocellular dysfunction resulting
from hepatocellular injury. This explanation could be
confirmed by Kumar et al. (2009) who stated that
reduction in the oxygen supply to cells and cease of
oxidative phosphorylation, result in decrease of
cellular
ATP
and
increase
in
adenosine
monophosphate. These changes stimulate phosphor
fruktokinase and phosphorylase activities, leading to
an increased rate of anaerobic glycolysis, which is
designed to maintain the cell's energy sources by

generating ATP through metabolism of glucose
derived from glycogen are rapidly depleted. Kumar et
al. (2009) suggested that anaerobic glycolysis results
in the accumulation of lactic acid and inorganic
phosphates from the hydrolysis of phosphate esters.
This reduces the intracellular PH, resulting in
decreased activity of many cellular enzymes.
In the current work, discontinuation of CCl4
treatment for one month led to partial restoration of
glycogen content in the liver in group IV (moderate
positive PAS reaction) but it was completely depleted
in group VII (faint positive PAS reaction). This was
partially in agreement with Muriel et al. (2005) who
observed in their study, that glycogen was depleted by
two, three or four months of chronic intoxication with
CCl4 and discontinuation of CCl4 treatment in two or
three months led to a complete restoration of the
content of glycogen in the liver.
Increased collagen fiber deposition in the liver
was observed in the present study in both CCl4treated groups as compared to the normal control
group by light microscopic examination in Masson's
trichrome stained sections. On the level of
histomorphometric study, the area percentage of the
collagen fibers of both CCl4- treated groups, showed
statistically significant increase in their values (P<
0.05) as compared to the control group indicating that
CCl4 administration induced liver fibrosis. This
fibrosis was more obvious with long duration of CCl4
administration (group V) which showed highly
significant increase in the area percent of collagen
fibers of groups VII and VIII treated with MSC were
much lower than those of groups (IV and V) treated
only with CCl4. The high numerical value of F- ratio
indicated that the variation in the values of the
measurements between the different groups was highly
significant.
Normal liver has a connective tissue matrix
which includes type IV collagen (non - fibrillary),
glycoproteins, including fibronectin and laminin, and
proteoglycans, including heparan sulphate. These
constituents comprise the basement membrane in the
space of Disse (Dooley et al., 2011). Friedman (2008)
added that this phenotypic switch is also characterized
by production of type I collagen, the high - density
interstitial collagen characteristic of the cirrhotic liver,
as well as matrix - degrading enzymes.
The present work showed that serum levels of
liver enzymes (ALT, AST and GGT) were
significantly higher (p<0.05) in CCl4- treated groups
(III and VI) as compared to both normal and sham
control groups in a variable degrees; this difference
was higher in group VI than group III. These findings
were also confirmed by Wafeeq et al. (2012) who
reported that plasma ALT and AST activities were
significantly elevated by CCl4 as early as 3 h after
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injection of CCl4 and GGT is a more sensitive and
more accurate reflector of CC14 induced
hepatotoxicity in rats than AST. The variation in the
enzyme concentration in rats treated with CCl4 may be
caused by the ability of this compound to induce
hepatic cells degeneration, damage of the blood
vessels in addition to the disturbance of metabolic
activity of liver. There was statistically significant
difference with p-value (<0.05) between group III and
group IV as regards to AST and GGT liver enzymes
with high mean among group III. On the other hand
there was no statistically significant difference with pvalue (>0.05) as regards to ALT level. However, in
CCl4 administration groups for eight weeks, there was
no statistically significant difference with p-value
(>0.05) between group VI and group VII as regards to
liver enzymes. In comparison between group IV and
group VII there was statistically significant difference
with p-value (<0.05) between both groups as regards to
liver enzymes with high mean among group VII.
These findings were in accordance with Gonçalves et
al. (2013) who observed in their study, but with shorter
duration, that levels of these enzymes were not
significantly decreased in rats treated with CCl4 for 12
days and left for spontaneous recovery for another 12
days. In contradistinction to the results of the present
study Copple et al. (2008) pointed out that the
elevation of AST and GGT from the second to sixth
week of exposure to CCl4 followed by gradual
decrease from eighth to tenth week may be explained
by auto-protection which may occur either by
induction of genes of some defensive enzymes or by
cytochrome P2E1(CYP2EI) inactivation.
In the current work, there was statistically
significant difference with p-value (<0.05) between
group IV and group VII with high mean among group
VII and between group VI and group VIII as regards
to liver enzymes with high mean of group VI. This
was in accordance with Zhao et al. (2012) who stated
that transplantation of MSC in CCl4- treated rats
causes marked decrease in serum levels of liver
enzymes and serum bilirubin more than effect of
spontaneous recovery and the results were better with
early treatment with MSC due to restoration of normal
cellular and functional pattern of hepatocytes as result
of MSC hepatic differentiation into hepatocytes.
In groups treated with CCl4 and left for
spontaneous recovery showed mild to moderate
improvement of pathological features in both light and
electron microscopic examination depending on the
duration of exposure of animals to the drug; in group
IV after four weeks of CCl4 administration there was
partial improvement of hepatic parenchymal
architecture, congestion of the central vein and hepatic
sinusoids, mitochondrial damage fragmentation of
rough endoplasmic reticulum, nuclear pyknosis and

karyolysis that were observed in the pericentral area.
Moderate increase in glycogen content in PAS stained
sections was also encountered in this group.
Masson's trichrome stained sections showed mild
to moderate increase in collagen fibers deposition
around the central vein, hepatic sinusoids as well as
the portal areas. This was in accordance with Yoshiji et
al. (2002) who stated that fibrosis is a dynamic and
potentially reversible process. The authors added that
resolution of liver fibrosis is due to hepatic stellate
cells apoptosis (that transform into fibroblasts) which
play important role in pathogenesis of collagen fibers
deposition, by natural killer cells and increased activity
of the interstitial collagenase enzymes i.e. matrix
metalloproteinases which are responsible for
degradation of collagen fibers and they are expressed
particularly by HSCs and Kupffer cells. However,
Kisseleva and Brenner (2012) in their study in animal
models and human liver fibrosis, indicated that
interstitial collagenase enzymes activity decreases in
liver extracts in advanced fibrosis that would promote
net collagen deposition and irreversible liver cirrhosis
that was not in agreement with the results of this study.
In the present work, the collected data of electron
microscopic examination of the CCl4 and MSC treated
rats were complementary and similar to that observed
by the light microscopy. In groups treated with both
CCl4 and MSC, there was disappearance of the
cytoplasmic vacuolation and rarefaction in most of the
observed hepatocytes. Their cytoplasm contained
intact cell organelles, such as mitochondria and rough
endoplasmic reticulum, which were regularly
distributed throughout. However, in group VIII
slightly ballooned mitochondria were occasionally
encountered suggesting mild structural effect in this
group treated with CCl4 for 8 weeks followed by MSC
administration.
In the current work, MSC administration
ameliorated the light microscopic and ultrastructural
alterations induced by CCl4 exposure through
differentiation of MSC into mature hepatocytes with
restoration of their structural and functional activity
regaining the normal hepatic parenchymal architecture.
In addition, MSC administration decreased liver
fibrosis. Similar findings were observed by Fang et al.
(2004) who observed that MSC could repair CCl4 injured liver by reducing mononuclear cell infiltration,
collagen deposition, and remodeling and MSC
treatment to 4-week CCl4 –injected rats would result in
significant reduction of liver fibrosis.
CCl4 -induced liver fibrosis was ameliorated after
transplantation of MSC. These cells could ameliorate
liver fibrosis by expressing certain antifibrotic factors,
such as matrix metalloproteinase 9 (MMP-9) and by
releasing some factors, such as soluble Kit-ligand
related to the differentiation and proliferation of
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transplanted MSC in liver ameliorated inflammation
induced by continuous injection of CCl4. Moreover,
MSCs secrete certain growth factors, such as hepatic
growth factor, nerve growth factor, and many
cytokines. These have antiapoptotic activity in
hepatocytes and play an essential part in the
regeneration of liver (Segovia-Silvestre et al.,2011).
Zhao et al. (2012) reported that MMP-9 exerts active
chemo tactic role in the migration of MSC towards the
damaged site. Transplanted MSC resulting in the
degradation of the extracellular matrix may
presumably lead to improved liver function and better
survival of mice. According to the reported data,
increased expression of GFP+ cells at the site of liver
injury contributed to the degradation of interstitial
collagens, which has been shown by cirius red
staining. This collagen is degraded to gelatin, which
was degraded by MMP-9 resulting in the regression of
fibrosis. Contradistinction to the observed data of the
present study, Yan et al. (2009) have demonstrated
that mesenchymal stem cells display a profibrogenic
propensity. Indeed, intravenously infused umblical
cord MSC contributed to the myofibroblast population
(αSMA and fibroblast secretory protein-1 positive
cells) in mice with CCl4 induced liver injury.
Other possible explanations for regeneration of
diseased liver and improvement of function were
suggested by many authors, including the facilitation
of the release of vascular endothelial growth factor
from stem cells, thus, increasing the blood supply to
cells and helping to repair damaged tissue (Tang et
al.,2006). Stem cells may also act by up-regulating the
Bcl-2 gene and suppressing apoptosis (Chen et
al.,2001) or by suppressing inflammation in the
diseased organ via the interleukin-6 (IL-6) pathway
(Wang et al.,2006). Finally, hepatic stellate cells may
stimulate tissue-specific stem cells, such as oval cells
in the liver, facilitating regeneration of the target organ
(Austin and Lagasse, 2003).
It could be concluded that administration of CCl4
exert a deleterious effect on the hepatic structure and
functions which was duration dependent. Intravenous
injection of MSC is more suitable line of therapy than
liver transplantation in end-stage liver disease.
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