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ABSTRACT

Introduction: Acute liver failure (ALF) is one of the emergency illnesses Bone marrow mesenchymal stem cell derived (BM-
MSC) exosomes are broadly used in recovering medicine.

Aim of the Work: Demonstration of the role of BM-MSC exosomes in hepatic regeneration after acute liver damage induced
by carbon tetrachloride model in adult male albino rats.

Materials and Methods: 55 adult male albino rats were separated into three groups: Group I (control), group II [given a single
intraperitoneal injection (0.05 ml/kg) of carbon tetrachloride (CCl4) and group III [given a single tail vein injection of 50 pg
of BM-MSC exosomes in 100 pl phosphate buftered saline 24 hours post-CCl4]. The rats were sacrificed after 7 and 14 days.
Histological examination of liver tissue was performed with biochemical analysis of AST and ALT.

Results: Group Il revealed altered hepatic architecture with focal cellular access. Congestion and widening of portal and central
veins. Sinusoids appeared disorganized and obliterated. Most hepatocytes had deeply acidophilic cytoplasm with condensed
nuclei, while others were seen with pyknotic nuclei and vacuolation in cytoplasm. Collagen fibers were significantly increased.
Examination by electron microscope showed hepatocytes with irregular heterochromatic nuclei and rarified cytoplasm with
plenty of lipid droplets. Mitochondria decreased in numbers and sizes. Hepatic stellate cells were devoid of lipid droplets.
Blood sinusoids showed multiple Kupffer cells. ALT & AST levels were significantly elevated. The exosomes treated rats
showed improvement of the previously mentioned histological and biochemical changes.

Conclusion: Failure of liver regeneration and repair through 2 weeks after CCl4 induced toxicity. A single dose of bone
marrow mesenchymal stem cells derived exosomes improved the hepatic regeneration after acute injury induced by CCl4.
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INTRODUCTION of donor, the transient nature of artificial liver therapy, the
high rate of post-operative complications, and the high
financial expenditures®. Many researchers are interested
in bone marrow MSC-exosomes as an innovative cell-free
technique used in liver revival®.

Through the inactivation and effective removal
of harmful chemicals and metabolites, the liver had a
significant responsibility in biological detoxication of
xenobiotics. The goal of metabolic processes involved

in detoxications is to make xenobiotics more polar and The International Society for Extracellular Vesicles
water soluble!". The causes of acute liver failure (ALF) (ISEV) defined Extracellular vesicles (EVs) as particles
vary. When the amount of liver cells damage surpasses the with lipid bilayer. They are emitted by cells spontaneously
capacity of hepatic regeneration, ALF becomes apparent. and lack the ability to replicate!®. Exosomes are produced
Worldwide, hepatitis caused by viruses and medications by late endosomes or multivesicular bodies (MVBs)
are the two most frequent causes of ALF?2. Acute and budding as intraluminal vesicles (ILVs)".. Exosomes are
extensive damage to the liver cells cause the abrupt loss recognized as drug carriers despite their innate biological
of liver function. Death eventually follows additional activity because of their tiny size, excellent propensity to
deterioration into multiple organ failure, septicemia, and transfer beneficial components like proteins, nucleic acids,
cerebral oedemal™, and tiny compounds'®.

Currently available treatments include plasma It is now known that exosomes containing proteins,
exchange, liver transplantation, non-natural liver treatment, lipids, and nucleic acids peculiar to a particular cell can
and; however, there are limitations due to scarcity of livers function as a channel for intercellular communication.
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Exosomes have the promise to interact with target cells,
changing their behavior and phenotypic characteristics®.
Exosomes of MSCs are widely used in regenerative
medicine to treat a variation of disorders, contributing
to the majority of MSCs' therapeutic benefits. Exosomes
provide an opportunity for cell-free therapy, which lessens
the concerns about employing live cells in a safe manner!'”,

Ghasempour et al'! evidenced that MSCs secrete
exosomes that are simpler, smaller, and less immunogenic
than their parent cells. This helps to prevent the pulmonary
embolism, iatrogenic tumor growth, and cell rejection load
that come with transplanting MSCs, which is better than
using correlated MSCs.

Since exosomes are recognized as transporters that lump
many signal transduction pathways, much research was
done to determine how exosomes and ALF interact and if
they have the ability to chunk multiple signal transduction
pathways to reduce fibrosis and inflammation in the liver
and, consequently, the decline in organ failure!'?.

Bala et al.l"! stated that carbon tetrachloride (CCl4)
causes oxidative stress, apoptosis, and fibrosis in mice, it
is frequently employed in ALI models. These effects are
similar to those observed in the majority of liver illnesses
in humans. So, goal of this research was to demonstrate the
role of exosomes from mesenchymal stem cell on hepatic
regeneration in acute liver damage caused by carbon
tetrachloride in adult male albino rats histologically and
biochemically..

MATERIALS AND METHODS
Cells

Isolation and culture of MSCs from young weaned
male rat’s bone marrow was done at Stem Cell Research
Unit, ASU, Faculty of Medicine, Department of Histology,
based on Anastasio et al.l'. The femurs and tibiae of the
rats were dissected and immersed in 70% alcohol then
transferred to centrifuge tubes containing PBS. In laminar
flow hood, bones were washed in PBS solution three times,
ends of the femurs and tibia were cut. Each bone shaft was
flushed with 2 ml of complete culture media. The marrow
plugs were collected and dissociated. The dispersed cells
were centrifuged at 1400 round per minute (rpm) for 10
minutes in a Bench top centrifuge. The whole media was
aspirated and added for suspension. Suspension of bone
marrow cells in 10 ml of culture media in a T-75 flask.
Incubation of the flasks was done at humidity (85%),
37°C, CO2 (5%). Before culturing, calculation of the
cells and examination of their viability was done using
the hemocytometer. Fifty microliters of the culture media
containing the cells were mixed with trypan blue and were
examined by the inverted microscope. cell number was
counted in four small squares. The cells that did not take
the trypan blue stain were considered viable. The total
number was divided by four to obtain the average number
of cells. It was then multiplied by the dilution factor and
10%. The starting cell count was estimated by equation:

dilution factor xStandard number of cells per small square
x10*. Aspiration of the culture media containing the non-
adherent cells was done, while adherent cells were cleaned
with a sterile phosphate buffer saline two times. When the
cells became confluent, isolation of exosomes was done.

Isolation and Characterization of Exosomes

Isolation of exosomes was done by ultracentrifugation
method according to Coughlan ez a/l'>l. Ultracentrifugation
was done at National Research Center, Cairo, Egypt
by ultracentrifuge machine (Sorval-MTx150, made in
Jaban). Resuspension of isolated exosomes in PBS (50—
200 pl) was done for downstream use and were stored at
-80°C. Characterization of exosomes!'®! was done using
transmission electron microscope (TEM), JEOL- 1010;
80kv, at Al- Azhar University in the Regional Center of
Mycology and Biotechnology (RCMB), (Figure 1).

100 nm

Mag: 43500x @ 51 mm

03,1423 HV=80.0kV

Direct Mag: 100000x
AMT Camera System

Fig. 1: Identification of MSC-Ex (1) with transmission electron
micrograph. Scale bar 100 nm

Animal Studies

The experiment took place at ASU, Faculty of Medicine,
Medical Research Center. The scientific research ethical
committee of the ASU Faculty of Medicine and animal
care requirements were followed in carrying out all of
the experimental procedures under Wide Assurance No.
FWAO000017585. Fifty-five adult male albino rats with
average weight between 220-250 g was separated into
three groups. Group I (Control group) (n=15) was then
subdivided into Subgroup la was left without interference
(n=5), Subgroup Ib was injected by olive oil buffer
intraperitoneally (n=5) and Subgroup Ic was injected by
phosphate buffered saline through tail vein (n=5). Group II
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(CCL4 group) (n=20) were given a single intraperitoneal
injection of (3% vol/vol in olive oil) at 0.05 ml/kg of
carbon tetrachloride (CCl4). Group II was subdivided to
subgroup Ila which was sacrificed after one week of CCl4
injection, and subgroup IIb which was sacrificed after
two weeks. Group III (CCl4 + exosomes treated group)
(n=20) were given 50 ug of exosomes in 100 pl phosphate
buffered saline through tail vein 24 hours post-CCl4 for
the treatment group. Group III was subdivided to subgroup
IIla which was sacrificed after one week of exosomes
injection, and subgroup IIIb which is sacrificed after two
weeks.

Biochemical and Histological Analyses

To measure aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), blood samples were taken
from retro-orbital veins. All groups' right liver lobes were
removed, fixed in 10% neutral buffered formalin, and then
processed to create paraffin blocks. Haematoxylin and
Eosin stain and Modified Masson's Trichrome staining
were applied to five pm-thick slices!!”). Brief segments of
liver tissue were quickly preserved by submerging them
in 2.5% glutaraldehyde, and subsequently subjected to
transmission electron microscopy (TEM) analysis!'”. The
samples were inspected and captured on camera using a
Japanese-manufactured JEOL-1010 TEM at the electron
microscopy unit of the Al-Azhar University's Regional
Centre of Mycology and Biotechnology (Cairo, Egypt).

Morphometry and Statistics

All the groups underwent morphometric analysis to
determine the area % of collagen fibers. For morphometric
research, a computer in the Department of Histology,
Faculty of Medicine, ASU, was equipped with an image
analyzer Leica Q win V.3 application. The Leica DM2500
microscope (Wetzlar, Germany) was linked to the computer.
Three separate slides with measurements of every subgroup
that was acquired from every animal were used. For every
slide that was used, five randomly chosen non-overlapping
fields were looked at. The mean + SD was used to express
all measurements. The SPSS statistical program, version
21, was used to compare groups using a one-way analysis
of variance test (ANOVA) (IBM Inc., Chicago, Illinois,
USA). P value<0.05 was used to determine the data's
significance; p>0.05 is non-significant, and p< 0.001 is
highly significant.

RESULTS
% of deaths
During the experiment, there were four rats died in the

CCl4-treated group with 20% mortality rate. In the other
groups, no further deaths were registered.

Clinical observation

The rats of the control group were alert and active
during the two weeks of the experiment. After the first
week, the rats of the subgroup Ila showed decreased
activity and alertness. While rats of subgroup Illa seemed

more active and alert than subgroup Ila. After the second
week, the rats of subgroup IIb demonstrated severely
restricted locomotor function. While the motor function of
rats of subgroup I1Ib was as same as control group.

Gross examination of the liver (Figure 2)

After two weeks of the experiment, livers of control
group had normal consistency, size, texture, and color
with intact lobes. Whereas livers of CCI4 -treated rats of
subgroup IIb displayed firmer consistency, brittle texture,
and paler color in comparison with those of control groups.
With the administration of exosomes in the subgroup IIIb,
the liver appeared darker in coloration than that of CCl4
-treated rats, and with comparable texture to that of control

group.
Histological findings
sections stained with H&E

Hepatocytes in the control group's liver tissue exhibited
branching and anastomosing cords. Hepatocyte cords
extended outward from the central vein within each plate.
The hepatocytes had a polyhedral appearance, with rounded
vesicular nuclei and granular acidophilic cytoplasm.
A few cells seemed to have two nuclei. Flat endothelial
cells bordered the central vein. Hepatic sinusoids drained
into the central vein by passing between the hepatocyte
cords. The nuclei of the endothelial cells lining the hepatic
sinusoids were flat. In the sinusoids, kupffer cells with
spherical nuclei were seen (Figure 3A).

The hexagonal traditional lobule has one portal canal
at each corner. The portal triads that encircled the portal
canals were made of loose stromal connective tissue.
Three basic structures were observed embedded in
connective tissue: a thin-walled portal venule lined with
flat endothelial cells; a thicker, smaller-diameter branch of
the hepatic artery lined with flat endothelial cells; and a
bile ductule lined with a single layer of cubical epithelial
cells (Figure 3B). After one week of CCl4 injection, the
liver of subgroup Ila revealed obvious focal alteration in
the hepatic architecture. Some hepatic lobules showed
features of centrilobular and periportal necrosis Most of
the hepatic lobules showed variable forms of affection in
which some of their hepatocytes nearby the central vein
appeared swollen and vacuolated with darkly stained
nuclei. Others seemed smaller, their nuclei compacted and
their acidophilic cytoplasm heavily discolored. Also, there
were apparent dilated and congested hepatic sinusoids,
portal veins and central veins which showed obvious
endothelial discontinuity. Periportal cellular infiltration
was markedly apparent (Figures 3C,D).

In Subgroup IIla (one week after exosome injection),
A notable improvement was observed in certain lobules of
the liver, where the hepatocyte cords were arranged in an
organized manner around the central veins. The majority of
hepatocytes had pale acidophilic cytoplasm and spherical,
vesicular nuclei. Central veins and blood sinusoids were
almost identical to those of the control group (Figure
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3E). Nonetheless, there was still noticeable mild portal
venous congestion with little periportal cellular infiltration
(Figure 3F).

After two weeks, most of the hepatic lobules of subgroup
IIb showed marked distortion of their architecture with
extensive affection of most of hepatic lobules. Hepatic
cords appeared disorganized with dilated congested blood
sinusoids in between. Some sections showed hepatic
lobules with loss of hepatic tissue and nearby hemorrhagic
areas. Most of the lobules showed several patches of deeply
acidophilic hepatocytes with condensed nuclei. Most of the
central veins showed congestion with discontinuation of
their lining endothelium. In between the hepatocytes, cells
with spindle-shaped nuclei were seen (Figure 4A). The
portal veins appeared to be dilated and congested in the
majority of the portal locations. There appears to have been
an increase in bile ductules. There was very little invasion
of mononuclear cells. Few cells displayed vesicular nuclei,
but the majority of the hepatocytes surrounding the portal
area displayed profoundly acidophilic cytoplasm and
condensed nuclei (Figure 4B).

While the liver tissue of rats of subgroup IIIb
demonstrated a noticeable improvement in the liver
tissue's structure. It seems to be similar to the control
group's. Organized branching and anastomosing cords of
hepatocytes radiating from the central veins with blood
sinusoids in between were seen in the majority of the
hepatic lobules. The majority of the hepatocytes had pale
acidophilic cytoplasm and spherical, vesicular nuclei.
Endothelium layers that were still intact lined the central
veins. Kupffer cells and flat endothelial cells bordered the
blood sinusoids (Figure 4C). The hepatic artery, portal
vein, and bile ductule were visible in the portal regions,
and there was no longer any congestion or mononuclear
cellular infiltration (Figure 4D).

Sections stained with Masson trichrome

In the control group, a small number of green collagen
fibers were seen between the hepatocyte cords, around the
portal triad, and around the central vein (Figures 5A,B).
Collagen fibre content was higher in Subgroup Ila than in the
control group's (Figures 5C,D). On the other hand, grouping
[I1a displayed less collagen fibers than subgroup Ila (Figures
5E,F). Further evidence of increased collagen deposition
was found in subgroup IIb (Figures 5G,H), but subgroup I1Ib
showed further evidence of decreased collagen deposition,
which was similar to control group (Figures 5L,J).

Electron microscopy analysis revealed that the
hepatocytes in the control group had rounded, euchromatic
nuclei that had nucleoli and were encircled by nuclear
membranes connected to peripheral heterochromatin.
Numerous mitochondria with distinct cristae and variable
shapes and sizes, a rough endoplasmic reticulum, and
rosettes of glycogen granules were visible in the cytoplasm.
Short microvilli were protruded into the lumen of bile
canaliculi between adjacent hepatocytes. The nearby
junctional complexes were clearly seen (Figure 6A).

In some sections Kupffer cells were located in the
lumen of sinusoids with several pseudopods and many
lysosomes in their cytoplasm. Multiple lipid droplets were
detected in the cytoplasm of hepatic stellate cells (also
known as Ito cells, stellate fat storage cells), which had an
oval nucleus (Figure 6B).

Following a week-long CCl4 injection, the liver
of subgroup Ila revealed that certain hepatocytes had
irregularly shrunken nuclei with increased peripheral
heterochromatin, as well as rarified cytoplasm. The
number of mitochondria shrank, and they had an electron-
dense appearance with barely noticeable cristae. Glycogen
rossets and the rough endoplasmic reticulum were hardly
visible. The hepatic stellate cells appeared devoid of lipid
droplets with spindle shaped nuclei and nearby collagen
fibrils (Figure 6C). Congestion of the blood sinusoids was
obvious with an apparent increase in Kupffer cell number
(Figure 6D).

After one week of exosomes injection, the liver of
subgroup IIla showed that in comparison to the control
group, a small number of hepatocytes had smaller nuclei
and appeared to have more heterochromatin. Rough
endoplasmic reticulum as well as the quantity and size of
mitochondria appeared to be increasing. The majority of
the mitochondria had recognizable cristae as compared to
subgroup ITa. While the glycogen granules were hardly
seen (Figure 6E). Kupffer cells appeared located in the
lumen of sinusoids. In the perisinusoidal space, HSCs
showed no signs of lipid droplets within their cytoplasm
and nearby collagen strands were detected (Figure 6F).

After two weeks, most of the hepatocytes of the liver
of subgroup IIb showed plenty of lipid droplets of variable
sizes and well-defined edges, most of them appeared with
low electron density, and others were electron dense. Most
of the hepatocytic nuclei appeared shrunken with irregular
nuclear membranes and increased heterochromatin.
Cristae were shown to be disorganized or to completely
vanish in mitochondria (a condition known as cristolysis).
RER couldn’t be demonstrated. The glycogen granules
were hardly seen. Additionally, rarefaction was visible
in a few cytoplasmic regions (Figure 7A). In addition,
some areas of the cytoplasm showed rarefaction. Hepatic
sinusoids were congested. Kupffer cells apparently
increased in number and appeared with kidney shaped
nuclei and multiple cytoplasmic lysosomes. Neutrophil
cells with multi-segmented nuclei were also demonstrated
(Figure 7B).

In subgroup IIb, compared to group IIb, the majority of
the hepatocytes in the EM sections appeared to be devoid of
lipid droplets, their nuclei were rounder and contained less
heterochromatin. It was evident that the quantity and size of
mitochondria had increased, and they had distinct cristae,
rER and glycogen rosettes were demonestrated. The bile
canaliculus was clearly seen with short microvilli in their
lumen as well as apparently seen junctional complexes
between the hepatocytes (Figure 7C). The lipid droplets
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were still present in the hepatic stellate cells, which were
almost identical to those in group I (Figure 7D).

Morphometric analysis of area % of collagen fibers

Comparing the area% of collagen fibers in subgroups
ITa and IIb (P<0.05) to that of the control group (group
I), there was a significant increase. In contrast, the area
% of collagen fibers in subgroups Illa and IIIb was
considerably lower (P<0.05) than in rats treated with
carbon tetrachloride. But between the exosomes groups
and the control group, there was no significant change
(P>0.05) (Table 1, Histogram 1).

Biochemical results

After one week, the carbon tetrachloride group
(subgroup I1a) had significantly higher serum ALT and AST

A

\ Fig.2 A

levels (P<0.05) than the control group (Group I). Rats who
were given exosomes (subgroup IIla) had considerably
lower levels of ALT and AST than the group that was given
carbon tetrachloride (P<0.05). The levels of serum ALT
and AST did not differ significantly (P >0.05) between the
exosomes group and the control group. Following a two-
week period, the carbon tetrachloride group (subgroup IIb)
exhibited significantly higher serum ALT and AST levels
(P<0.001) in comparison to the control group (Group
I). ALT and AST levels were substantially lower in rats
that received exosomes (subgroup IIIb) than in rats that
received carbon tetrachloride (subgroup IIb) (P<0.05).
(Table 2, Histogram 2) show that there was no significant
difference (P>0.05) in the serum ALT and AST levels
between the exosomes group and the control group
(Group I).
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Fig. 2: The gross changes of the liver after treatment of induced acute injury by exosomes. A, control group shows normal reddish brown color with intact
lobes. B, group IIb displays a pale light yellowish brown color and small size. C, group IIIb appears reddish brown.
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Subgroup lla Control group

Subgroup llla

Fig. 3. H&E-stained sections of liver from different groups X400. [A, B]: control group, A, showing central vein (CV), hepatic cords with blood sinusoids (»)
in between. Endothelial cells A and Kupffer cells A are lining the sinusoids. Binucleated cells (11) are also seen. B, showing the portal triad, hepatic artery A,
portal vein A and bile ductule (7). [C&D]: subgroup Ila, C, shows distorted hepatic architecture and obliteration of sinusoids (» ). Dilated central vein (CV)
with discontinuity of its endothelial lining (1) is seen. Swelling and ballooning of some hepatocytes with vacuolated cytoplasm (A) in the centrilobular zone is
noticed. Some hepatocytes appear with darkly acidophilic cytoplasm and condensed nuclei (A). D, shows dilatation and congestion of portal vein (PV) with
periportal cellular infiltration (). Some hepatocytes appear with dark acidophilic cytoplasm and condensed nuclei (A). [E&F] subgroup Illa, E, shows focal
inflammatory cell infiltration (A ) near the central vein (CV). Most of the hepatocytes appear with vesicular central nuclei and pale acidophilic cytoplasm (1).
Few hepatocytes appear with condensed nuclei and dark acidophilic cytoplasm (A). F, shows the portal vein () with minimal periportal cellular infiltration
(1). Most of hepatocytes have pale acidophilic cytoplasm and vesicular nuclei (A), some few hepatocytes have condensed nuclei and dark acidophilic cytoplasm

(&)
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Fig. 4: H&E-stained sections of liver from different groups X400. [A&B]: subgroup IIb, A, shows marked distortion of hepatic architecture with loss of hepatic
tissue (*) in some areas. Hepatocytes appear with condensed nuclei and dark acidophilic cytoplasm (A). The blood sinusoids are congested (A ). The inset
shows cells with spindle shaped nuclei (1) between the hepatocytes. B, shows dilatated congested portal vein (PV) with periportal cellular infiltration (»).
Some hepatocytes have dark acidophilic cytoplasm and condensed nucleus (A). Notice the proliferation (1) of the bile ductules (BD). Fig [C&D]: subgroup
1IIb, C, shows branching and anastomosing cords of hepatocytes with rounded vesicular central nuclei and pale acidophilic cytoplasm (1) around central vein
(CV). Organized blood sinusoids (») are seen between hepatic cords. Note the flat nuclei of the endothelial cells (11) and the spherical nuclei of Kupffer cells
(A) in the lining of the sinusoids. D, shows the portal vein (A), the hepatic artery (P ), and a bile ductule (7). Nearly all the hepatocytes (A ) in the periportal
area display vesicular nuclei and pale acidophilic cytoplasm.
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Control group

Subgroup lla

Subgroup llla

Subgroup lib

Subgroup lilb
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Fig. 5: Masson trichrome stained sections of liver from different groups X400. Green collagen fibers (1) around central vein, portal vein, bile duct and between
hepatic cords. [A&B] control group, [C&D] subgroup Ila, [E&F] subgroup Illa, [G&H] subgroup IIb and [1&J] subgroup III.

Histogram (1) The mean values of area percentage of collagen fibers measured among the different groups.

1242



Lotfy et. al.,

Subgroup lla Control group

Subgroup llla

Fig. 6: transmission electron micrographs of different groups. [A&B] control group. A, shows euchromatic nucleus (N), multiple mitochondria of different size
and shape with distinct cristae (M), and rough endoplasmic reticulum (RER). Notice the bile canaliculus in between adjacent hepatocytes (1) and the nearby
junction complex (A ). B, shows the blood sinusoids containing a red blood cell (R). Hepatic stellate cell (HSC) shows multiple lipid droplets in its cytoplasm
(). The perisinusoidal space contains the microvilli (1) of the hepatocytes (H). [C&D]: subgroup Ila, C, shows heterochromatic nucleus (N) of the hepatocyte
(H), few number of condensed coalesced mitochondria with indistinct cristae (M), a rarified cytoplasm (the star), and a lipid droplet in the cytoplasm (LD).
Notice the spindle shaped nucleus of the hepatic stellate cell (HSC) with collagen fibrils nearby (7). D, shows adjacent hepatocytes (H) separated by a cell
membrane with heterochromatic nucleus (N), few number of condensed mitochondria with indistinct cristae (m), and a rarified cytoplasm. The blood sinusoid
is full of RBCs (R). Notice the Kupffer cells (K) and the endothelial cell (E) in the lining of the sinusoids. [E&F]: subgroup Illa. E, shows a nucleus (N) with
increased peripheral heterochromatin, mitochondria with distinct cristae (M), RER profiles (RER), some areas of rarefaction (the star) in the cytoplasm. Notice
the bile canaliculus in between adjacent hepatocytes (1) with short microvilli projecting into its lumen, the nearby junction complex (A ) is also seen. F, shows
hepatocytes (H) containing mitochondria with distinct cristae (M). The blood sinusoids contain a red blood cell (R), a hepatic stellate cell (HSC) devoid of lipid
droplets in its cytoplasm with nearby collagen fibrils (A) in the perisinusoidal space. TEM, Fig.A x10000, Fig.B x10000, Fig.C x8000, Fig.D x4000, Fig.E

x10000, Fig.F x10000
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Fig. 7: transmission electron micrographs of different groups. [A] subgroup IIb: shows heterochromatic nucleus (N) with irregular nuclear membrane. Plenty
of lipid droplets of variable size and shape with well-defined edges are scattered in the cytoplasm, most of them appear with low electron density (LD), while
others appear with high electron density (the star). [B] subgroup IIb: shows blood sinusoids with multiple Kupffer cells (K) containing electron dense particles.
Numerous RBCs (R) and a neutrophil cell (N) with the multi-segmented nucleus were also seen. The hepatocytes (H) show extensively rarified cytoplasm
(the star) and electron dense mitochondria (m) with indistinct cristae. [C] subgroup IIIb: shows a nucleus (N) with a little amount of heterochromatin and
regular nuclear membrane. Most of the mitochondria appear with well-defined membrane cristae (M). Glycogen granules are demonstrated (G). Notice the
bile canaliculus (1) with microvilli projecting into its the lumen and the nearby junctional complex (P ). [D] subgroup IlIb: shows hepatocytes (H), the hepatic
stellate cell (HSC) with a lipid droplet (P ) in its cytoplasm in the perisinusoidal space. A red blood cell is seen (R) in the sinusoidal lumen. TEM, Fig.A x8000,
Fig.B x4000, Fig.C x10000, Fig.D x10000

1244



Lotfy et. al.,

Table 1: displays the variations in the area % of collagen fibers in each group, expressed as mean + standard deviation

Group |

Subgroup Ila

Subgroup Illa Subgroup IIb Subgroup IIIb

Area percentage of collagen fibers (%)

0.481+0.0974 (m ) 5.236+1.2620 (*A) 0.7550.2135 (w) 7.042+1.841 (*e) 0.275 + 0.0836 (#)

* Significant variation from group L.

m Significant variation from subgroup Ila.
A Significant variation from subgroup Illa.
¢ Significant variation from subgroup IIb.
o Significant variation from subgroup I1Ib.

Table 2: ALT and AST changes in various groups are displayed as mean + standard deviation

Group [ Subgroup Ila Subgroup Illa Subgroup IIb Subgroup I1Ib
ALT (IU/L) 26.86 +2.437 (m ¢) 79.28 £6.687 (* A) 28.56 £7.522 (m) 81.18 £6.619 (*e) 27.16 £7.249 (#)
AST (IU/L) 24.56 £5.933 (m ¢) 90.1 £15.536 (*A) 24.64 £7.360 (m) 92.08+14.990 (*e) 23.38 £7.228 (#)

* Significant variation from group L.

m Significant variation from subgroup Ila.
A Significant variation from subgroup Illa.
¢ Significant variation from subgroup IIb.
o Significant variation from subgroup I1Ib.

Mean values of ALT and AST

Group Subgroup lia

Subgroup lila

70
60
50
30
20
10

Subgroup lib Subgroup lilb

WALT (IU/L)  WAST (IU/L)

Histogram 2: The average ALT and AST measurements across the

various groups

DISCUSSION

Although the last three decades have seen improvements
in the outcomes for ALF patients, the mortality rate remains
unacceptable, and more advancements in management are
advised!"®), so the current study demonstrated the impact of
MSC derived exosomes on hepatic regeneration in adult
male albino rats that have had acute liver damage caused
by carbon tetrachloride.The effect of MSC-Exosomes as a
new line of treatment had been investigated to improve the
prognosis of the disease and reduce its mortality.

Since CCl4 is one of the most researched xenobiotics
that cause hepatotoxicity in rats, it is used in the current
study!”.. The hepatotoxicity mechanisms of CCl4 can be
deduced from the generation of free radicals formed from
CCl4, inflammatory cytokines, calcium homeostasis loss,
lipid peroxidation, covalent binding to macromolecules,
and hypomethylation of nucleic acids®?’..

The intraperitoneal injection of a single dose of CCl4
has changed the liver's overall morphology in the present
investigation. After two weeks, the livers of subgroup IIb
displayed firm consistency, brittle texture, and pale light
color in comparison with those of the control groups.

This discoloration might be due to the congestion and the
steatosis (fatty liver) caused by CCl4. The current findings
were similar to previous studies relating such discoloration
to hepatic tissue injury due to CCl4 administration®®'. The
liver coloration appeared darker with the administration of
a single dose of exosomes in the subgroup I1Ib.

All subgroups treated with CCl4 (group II) showed
variant degrees of centrilobular necrosis. Exosome-treated
rats showed a considerable improvement in the pericentral
and periportal hepatic cell lesions, collagen deposition, and
mononuclear cellular infiltration compared to the CCl4-
treated group.

In accordance with the current findings, it was
mentioned that CCl4 in a rat model induced necrosis of
hepatocytes and disorganization of sinusoids specially
in the centrilobular zone. The cytochrome P450s that
the centrilobular hepatocytes produce in large quantities
metabolize several chemical hepatotoxins, such as carbon
tetrachloride (CCl4), to produce extremely reactive free
radicals that injure hepatocytes(?.

In the current investigation, light microscopic analysis
of liver sections from rats treated with CCl4 (subgroup Ila)
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revealed that some hepatocytes in the centrilobular zone
appeared shrunken, deeply acidophilic, irregular, and with
darkly stained nuclei, while the majority of hepatocytes
appeared swollen with vacuolated cytoplasm (ballooned
hepatocytes). Over time, these modifications became more
noticeable and could be seen in more detail in subgroup
IIb. These morphological alterations resemble those that
Dutta et al.[** have reported.

Regarding the hepatocytes' apparent vacuolations and
ballooning, this could be explained by the low partial
pressure of oxygen causing the creation of CHCI2 and
CCI3 radicals from CCl4 metabolism. These radicals then
disturb the metabolism of lipids, leading to fatty liver
disease or steatosis. Although the high partial pressure
of oxygen in the current study may have contributed to
the dark, acidophilic hepatocytes with condensed nuclei,
which change CCI4 metabolisms to produce the CCI3-OO
radical and lipid peroxidation that moves the cells from
steatosis to death!?*!,

Electron microscopic examination of the current study
interpreted the presence of hepatocytes vacuolations. It
revealed the presence of multiple fat droplets, which are
more numerous in subgroup IIb than subgroup Ila, in the
cytoplasm of the hepatocytes. Most of the lipid droplets
seen with low electron density, while others were electron
dense (saturated fat). The hepatocyte nuclei appeared
shrunken irregular with increased heterochromatin which
explain the pyknotic appearance in the Hematoxylin and
Eosin sections. The pyknosis and chromatin condensation
resulted from the necrosis induced by the CCI4 toxicity.
Similarly, hepatocytes from CCl4-treated rats showed
a considerable rise in immunological reactivity for the
proapoptotic agent p53 in the cytoplasm in a recent study?*.

Some hepatic blood sinusoids of subgroup Ila were
disorganized and obliterated that could be due to the
ballooning of the hepatocytes. In subgroup IIb, the
sinusoids appeared congested which was also obvious in
the TEM sections of the current study. That sinusoidal
congestion goes along with a previous study relating it to
the toxic effect of CCI141,

In this study, compared to the control group, there
appeared to be a greater quantity of bile ductules in the
Haematoxylin and Eosin sections of the CCl4 treated group
(Group II), particularly in subgroup IIb. One explanation
could be that the liver cells were attempting to help with
hepatic regeneration by transdifferentiating. During
ductular reactions (DR), cholangiocytes, hepatocytes, or
hepatic progenitor cells can be the source of active cells.
In a similar vein, Omar et al.* reported that exposure to
carbon tetrachloride (CCl4) in rats could cause proliferation
of'bile ducts. The ductular reaction was characterised by the
development of reactive bile ducts caused by liver injury.
In biliary disorders, bile duct hyperplasia was referred to
as ductular response. Furthermore, a range of liver disease
like nonalcoholic fatty liver may exhibit it?*”.

The present study's CCl4-treated group showed little
cellular infiltrations in the hematoxylin and eosin sections.

This could be because CCl4 has an inflammatory effect.
The presence of hepatocytic necrosis was verified by the
cellular infiltrations. These results were also reported
by Endig et al.”®, who noted that the innate immune
system acts as the first line of defense and is activated far
more quickly than adaptive immunity in cases of acute
liver injury when the host has limited time to initiate an
effective adaptive immune response™. This perspective
is confirmed by the appearance of multiple Kupffer cells
and neutrophils in the hepatic sinusoids detected by the
transmission electron microscope of the current study.

Some areas of the hepatic lobules of subgroup IIb
showed loss of the hepatic tissue and hemorrhage denoting
the occurrence of necrosis which led to dropout and loss of
hepatocytes. Such findings were similar to a retrospective
study cohort showing massive or sub-massive necrosis in
48 livers taken after ALF patients' transplantation. They
revealed areas with hepatocyte loss®.

Regarding the appearance of the cells with spindle
shaped nuclei between the hepatocytes of subgroup IIb of the
current study, which were detected in H&E sections, these
cells could probably be activated HSCs (myofibroblast like
cells). The transmission electron microscopy of the current
study observed that the hepatic stellate cells appeared with
spindle shaped nuclei and were devoid of the cytoplasmic
lipid droplets with nearby collagen fibrils. In the injured
area, inflammatory and apoptotic parenchymal cells gather
and release chemokines that stimulate HSCs. Activated
HSCs become myofibroblast-like cells that release
cytokines and form extracellular matrix (ECM) after losing
their own lipid droplets*!).

In comparison to the control group (Group I), both
subgroups of CCl4-treated rats had higher levels of
collagen fiber deposition surrounding the portal area
and the central vein, according to the Masson trichrome
sections of the current study. Compared to subgroup Ila,
collagen deposition was more noticeable in subgroup IIb.
The morphometric analysis supported this observation
by demonstrating a substantial increase in collagen area
percentage in both subgroups (Ila and IIb) as compared to
the control group. This was consistent with the findings of
Chang et al.®?, who showed increased collagen deposition
in a model of liver injury generated by CCl4.

Electron microscopic examination of all subgroups
of rats treated by CCl4 revealed high rarefaction of the
cytoplasm in both subgroups (Ila and IIb) in this study.
In comparison to the control group, there appeared to be
a decrease in both the quantity and size of mitochondria.
The mitochondria appeared with high electron density
coalescing with each other forming clumps in the
cytoplasm. That might be due to the mitochondrial
impairment caused by CCl4. Similarly, in a mouse model
of CCl4-induced damage, Zhao et al.*¥ found decreased
mitochondrial mass and poor metabolism of the surviving
mitochondria.

Glycogen granules and rough endoplasmic reticulum
appeared to be declining as well. These -electron
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microscopic morphological changes detected in the present
study were similar to those described by and Badr ez al. who
investigated how CCl4 affected rats’ liver. They showed
widespread cellular damage, pyknotic and shrunken nuclei
with severe chromatin condensation, and hepatocyte
cytoplasm lysis with an abnormally high number of lipid
droplets and the absence of major cell organelles®¥.

The bloodstream's release of liver enzymes (ALT and
AST) from ruptured hepatocytes is a common sign of liver
damagel*3). Accordingly, all subgroups treated with CCl4
(Group II) showed a substantial rise in blood liver function
tests as compared to the control group. Carbon tetrachloride
is metabolized in hepatocytes to the CCI3 radical, which is
then changed into the highly reactive trichloromethylperoxy
radical by the cytochrome P450 enzyme. Enzymes leak
out as a result of the peroxidative membrane degradation
brought on by the trichloromethylperoxy radical's covalent
connection to the macromolecules.

The results of the current study showed that in adult
male albino rats exposed to CCl4-induced acute hepatic
failure, a single dosage of exosomes extracted from bone
marrow-derived MSC might improve hepatocyte necrosis,
decrease biochemical and histological hepatic injury, and
increase survival of rats. These results are consistent with
the comprehensive review of Shokravi et al.B7, which
provided compelling evidence in favor of using MSC-
Exosomes as a therapeutic intervention in cases of acute
liver failure.

By light microscopy, more integrated hepatic tissue
structure was observed in subgroup Illa with a remarkable
improvement of the hepatic architecture of subgroup IIIb
which appeared nearly comparable to group 1.

The majority of hepatocytes had pale acidophilic
cytoplasm and spherical, vesicular nuclei. Most of
hematoxylin and eosin sections lacked pyknotic nuclei.
Reduced heterochromatin was also seen in the hepatocyte
nuclei when the cells were examined with electron
microscope. MSC-Exosomes may be able to slow down
hepatocyte degeneration following acute liver injury,
according to these results, which might be explained by
increased expression of the antiapoptotic protein Bel-2 and
decreased expression of the pro-apoptotic proteins Bax and
caspase-30%),

The blood sinusoids were almost the same as those in
the control group. The electron microscope used in this
study confirmed that there was no sinusoidal congestion.
However, in certain lobules of subgroup Illa, there was
still noticeable mild portal venous congestion with little
periportal cellular infiltration. Neither periportal cellular
infiltration nor portal vein congestion were seen in subgroup
IIb. These results corroborated those of Lin et al.l*”
and Rostom et al.B%, who reported that MSC-Exosomes
improved rat hepatic necrosis. MSC-derived exosomes
have anti-inflammatory, cell proliferation-promoting, and
M2 macrophage polarization-promoting qualities, which
make them useful for treating liver damage*'.

There was no increase of the number of bile ductules in
both subgroups Illa and IlIb. The absence of the ductular
reaction in the exosome treated group was denoting that the
exosomes could improve the survival of the hepatocytes
despite the injurious effect of CCl4.

Sections stained with Masson's trichrome revealed
that subgroup Illa had significantly more collagen fibers
than subgroup IIIb, which had less collagen fibers that
were almost identical to those of the control group. The
morphometric study supported these findings that was
going along with those of Ding et al.*, who reported
that MSC-produced exosome circDIDO1 overexpression
inhibited HSC proliferation and reduced profibrotic
markers. In the current investigation, the emergence of
hepatic stellate cells in subgroup Illa that were free of lipid
droplets in the cytoplasm and had collagen fibrils close
by suggested that these cells had been activated. HSCs
in subgroup IIIb, however, kept their cytoplasmic lipid
droplets without collagen fibrils, indicating that exosomes
had an anti-fibrotic function. Chiabotto et a/.,*¥) on the
other hand, observed an opposite outcome: Activated LX-2
hepatic stellate cells expressed more profibrotic markers
when EVs generated from MSCs were compared to human
hepatic stem cells. This might be as a result of COLlal
being an EV generated from MSCs.

The hepatocytes in the current study did not have
any fat droplets in the cytoplasm, according to electron
microscopy analysis of the cells of both subgroups I1la and
Ib. Subgroup Illa had fewer mitochondria, which still had
clearly defined cristac. The mitochondria in subgroup II1b
were similar to those in the control group.These results
may corroborate a prior study's finding that exosomes
prevent mitochondrial fission and stimulate mitochondrial
fusion and biogenesis in order to preserve mitochondrial
homeostasist**.

Additionally, there appeared to be an increase in
glycogen granules and rER.

Exosomes of MSCs upregulate TNF-activated NF-xB
expression. In order to promote tissue regeneration, NF-kB
activates local progenitor cells, promotes cell proliferation
and differentiation, and mobilizes circulating stem cells?!.
Furthermore, hepatocyte growth factor (HGF) is widely
distributed in exosomes generated from MSCs*]. HGF
is the most important mitogen for liver regeneration and
repair after injury*’. According to these viewpoints, the
hepatocytes seen in the current investigation had reparative
effects from supplied exosomes.

The liver damage caused by CCl4 had decreased after
receiving exosome therapy. In all-treated rats of subgroup
IITa and IIIb, the hepatic enzyme levels significantly
lowered to nearly normal, suggesting that exosomes can
prevent enzyme leakage and minimize damage to cell
membranes. These results go along with Abdel Hameed
et al ¥ who reported that rats injured by CCl4 toxicity had
their liver enzyme levels restored by MSC-exosomes.
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CONCLUSION

Despite the regenerative power of the hepatic tissue,
the liver couldn’t regenerate and repair itself through two
weeks after CCl4 induced toxicity. Consequently, the
current study concluded that a single dose of exosomes
produced from bone marrow mesenchymal stem cells may
enhance hepatic regeneration following acute injury caused
by CCl4. By exosomes injection, the hepatocytes were
comparable to the control after two weeks histologically
and biochemically.
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